
 
 

 

CHARACTERIZATION OF MANGO AND KINNOW 

PEEL PHENOLIC COMPOUNDS FOR THE 

DEVELOPMENT OF FRUIT BARS 

By 

 

MUHAMMAD NAEEM SAFDAR 

M.Sc. (Hons.) Food Technology 

       

A thesis submitted in the partial fulfilment of the requirement for the degree of  

                                         

DOCTOR OF PHILOSOPHY 

in 

FOOD SCIENCE AND TECHNOLOGY          

 

INSTITUTE OF FOOD SCIENCE & NUTRITION 

UNIVERSITY OF SARGODHA 

SARGODHA - PAKISTAN 

2016



II 
 

The Controller of Examinations, 

University of Sargodha,  

Sargodha - Pakistan. 

  

“We, the Supervisory Committee, certify that the contents and form of thesis entitled 

“Characterization of mango and kinnow peel phenolic compounds for the development of fruit 

bars” submitted by Muhammad Naeem Safdar, Reg. No. 12-US-PhD-FSc-1, have been 

found satisfactory and recommend that it to be processed for evaluation, by the External 

Examiner(s) for the award of degree”. 

 

 

Supervisory Committee 

 

 

 

Supervisor:  ___________________________ 

              Dr. Tusneem Kausar  

Institute of Food Science and Nutrition, 

   University of Sargodha, Sargodha-Pakistan  

 

 

 

 

Co-Supervisor:  ___________________________ 

                                    Dr. Muhammad Nadeem        

Institute of Food Science and Nutrition, 

   University of Sargodha, Sargodha-Pakistan  

 



III 
 

DECLARATION 

 

It is stated that the research work reported in the thesis entitled, “Characterization of mango and 

kinnow peel phenolic compounds for the development of fruit bars” is original and nothing has 

been stolen/copied/plagiarized from any source. The research work reported in the thesis has 

been completed according to the requirements of Higher Education Commission and University 

of Sargodha, Sargodha, Pakistan.  

 

 

                                                                                           ________________________________ 

                                                          MUHAMMAD NAEEM SAFDAR 
                                                                                           Reg. No.: 12-US-PhD-FSc-1 

                                                                                           Institute of Food Science & Nutrition  

                                                                                           University of Sargodha 

                                                                                           Sargodha - Pakistan. 

 



IV 
 

CERTIFICATE  

 

It is certified that the research work contained in the thesis entitled “Characterization of mango 

and kinnow peel phenolic compounds for the development of fruit bars” submitted by 

Muhammad Naeem Safdar, Reg. No. 12-US-PhD-FSc-1 has been carried out under our 

supervision in partial fulfillment of the requirement for the award of degree of PhD in the subject 

of Food Science and Technology and is hereby approved for submission. It is further certified 

that the research work carried out by the scholar is original and nothing has been 

stolen/copied/plagiarized from any source. The research work reported in the thesis has been 

completed according to the requirements of Higher Education Commission and University of 

Sargodha, Sargodha, Pakistan. 

.. 

 

 

 

 

    ______                ____________ 

Dr. TUSNEEM KAUSAR                                     Dr. MUHAMMAD NADEEM 
(Supervisor)                 (Co-Supervisor) 

Institute of Food Science & Nutrition              Institute of Food Science & Nutrition  

University of Sargodha,               University of Sargodha, 

Sargodha - Pakistan.                Sargodha - Pakistan. 



V 
 

DEDICATION 

This humble effort is dedicated 

To 

MY PARENTS 

AND 

MY FAMILY 

Whose sincerity and devotion helped me to achieve this goal 



VI 
 

TABLE OF CONTENTS 

LIST OF TABLES ..................................................................................................................... XII 

LIST OF FIGURES ................................................................................................................ XVII 

LIST OF ABBREVIATIONS ................................................................................................... XX 

ACKNOWLEDGEMENTS ................................................................................................... XXII 

CHAPTER-I INTRODUCTION ................................................................................................. 1 

1.1. Objectives ............................................................................................................................. 6 

CHAPTER-II REVIEW OF LITERATURE ............................................................................. 7 

2.1. Oxidative stress .................................................................................................................... 7 

2.2. Role of antioxidants in the human body............................................................................... 7 

2.3. Polyphenols .......................................................................................................................... 9 

2.3.1. Types of polyphenols................................................................................................... 10 

2.3.2. Occurence of Polyphenols in Plant Foods ................................................................... 12 

2.3.3. Polyphenols in agro-industrial by-products ................................................................. 14 

2.3.4. Bioavailability of polyphenols..................................................................................... 16 

2.3.5. Sample preparation for phenolics extraction ............................................................... 17 

2.3.6. Extraction of phenolic compounds .............................................................................. 18 

2.3.7. Quantification of phenolic compounds ........................................................................ 22 

2.3.7.1. Spectrophotometric assays ................................................................................... 22 

2.3.7.2. HPLC analysis of polyphenols............................................................................. 22 

2.3.8. Bioactivities of phenolic compounds .......................................................................... 24 

2.3.8.1. Polyphenols as antioxidants ................................................................................. 24 

2.3.8.1.1. Antioxidant mechanism of polyphenols ....................................................... 24 

2.3.8.1.2. Determination of antioxidant activities of polyphenols ................................ 26 

2.3.8.2. Cardioprotective activity of polyphenols ............................................................. 29 

2.3.8.3. Antimicrobial activity of polyphenols ................................................................. 32 

2.4. Fruit bars ............................................................................................................................ 34 



VII 
 

2.5. Polyphenols fortified functional foods ............................................................................... 37 

CHAPTER-III MATERIALS AND METHODS ..................................................................... 40 

3.1. Analytical instruments used ............................................................................................... 40 

3.2. Chemicals and reagents ...................................................................................................... 40 

3.2.1. Polyphenol standards ................................................................................................... 41 

3.2.2. Kits............................................................................................................................... 41 

3.3. Plant material...................................................................................................................... 41 

3.4. Proximate analysis of peel powder..................................................................................... 41 

3.4.1. Moisture content .......................................................................................................... 41 

3.4.2. Ash content .................................................................................................................. 42 

3.4.3. Crude protein content .................................................................................................. 42 

3.4.4. Crude fat content ......................................................................................................... 43 

3.4.5. Crude fiber content ...................................................................................................... 43 

3.4.6. Available carbohydrates .............................................................................................. 44 

3.5. Extraction of polyphenols .................................................................................................. 44 

3.5.1. Maceration ................................................................................................................... 44 

3.5.2. Ultrasound-assisted extraction ..................................................................................... 44 

3.6. Total polyphenols determination ........................................................................................ 45 

3.7. HPLC analysis of phenolic compounds ............................................................................. 45 

3.8. Antioxidant activity determination..................................................................................... 46 

3.8.1. Ferric reducing antioxidant power (FRAP) assay ....................................................... 46 

3.8.2. DPPH radical scavenging assay .................................................................................. 46 

3.8.3. Superoxide radical scavenging power assay ............................................................... 47 

3.9. Assessment of cardioprotective activity ............................................................................. 47 

3.9.1. Experimental design .................................................................................................... 47 

3.9.2. Biochemical assessment .............................................................................................. 48 



VIII 
 

3.9.2.1. Estimation of cardiac enzymes in serum ............................................................. 48 

3.9.2.2. Evaluation of lipids .............................................................................................. 49 

3.9.2.3. Estimation of liver function activities .................................................................. 49 

3.9.2.4. Estimation of renal function activities ................................................................. 49 

3.9.2.5. Assessment of antioxidant enzymes in heart tissues............................................ 49 

3.9.2.5.2. Catalase (CAT) assay .................................................................................... 50 

3.9.2.5.3. Glutathione peroxidase (GPx) assay ............................................................. 50 

3.9.3. Histopathological studies ............................................................................................. 50 

3.10. Antimicrobial activity determination ............................................................................... 50 

3.11. Development of fruit bars ................................................................................................ 51 

3.11.1. Procurement of raw material ..................................................................................... 51 

3.11.2. Physico-chemical analysis of raw material ............................................................... 51 

3.11.2.1. Total soluble solids determination ..................................................................... 51 

3.11.2.2. Titratable acidity determination ......................................................................... 51 

3.11.2.3. pH determination ............................................................................................... 52 

3.11.2.4. Reducing sugars determination .......................................................................... 52 

3.11.2.5. Total sugars determination ................................................................................. 52 

3.11.2.6. Moisture determination ...................................................................................... 53 

3.11.3. Microbiological analysis of raw material .................................................................. 53 

3.11.3.1. Total plate count ................................................................................................ 53 

3.11.3.2. Mold and yeast count ......................................................................................... 54 

3.11.4. Preparation of fruit bars ............................................................................................. 54 

3.11.4.1. Physico-chemical analysis and antimicrobial activity of fruit bars ................... 55 

3.11.5. Storage studies of fruit bars ....................................................................................... 55 

3.11.5.1. Physical analysis of fruit bars ............................................................................ 55 

3.11.5.1.1. Water activity determination ....................................................................... 55 

3.11.5.1.2. Colour determination .................................................................................. 55 

3.11.5.1.3. Texture determination ................................................................................. 56 

3.11.5.2. Chemical analysis of fruit bars .......................................................................... 56 

3.11.5.3. Total polyphenols content of fruit bars .............................................................. 56 



IX 
 

3.11.5.4. Antioxidant activity of fruit bars........................................................................ 57 

3.11.5.5. Microbiological analysis of fruit bars ................................................................ 57 

3.11.5.6. Sensory evaluation of fruit bars ......................................................................... 57 

3.12. Statistical analysis ............................................................................................................ 57 

CHAPTER-IV RESULTS AND DISCUSSION ....................................................................... 58 

4.1. Proximate composition of peel powder .............................................................................. 58 

4.2. Extraction of polyphenols .................................................................................................. 60 

4.3. Total polyphenols determination ........................................................................................ 65 

4.4. HPLC analysis of phenolic compounds ........................................................................... 100 

4.5. Antioxidant activity determination................................................................................... 118 

4.5.1. Ferric reducing antioxidant power (FRAP) assay ..................................................... 118 

4.5.2. DPPH radical scavenging assay ................................................................................ 120 

4.5.3. Superoxide radical scavenging assay ........................................................................ 127 

4.5.4. Correlation analysis of total polyphenols content with antioxidant activity ............. 133 

4.6. Assessment of cardioprotective activity ........................................................................... 135 

4.6.1. Effect of mango and kinnow peel extracts on serum cardiac markers ...................... 135 

4.6.2. Effect of mango and kinnow peel extracts on serum lipid profile ............................. 139 

4.6.3. Effect of mango and kinnow peel extracts on serum liver function activities .......... 142 

4.6.4. Effect of mango and kinnow peel extracts on serum renal function activities .......... 144 

4.6.5. Effect of mango and kinnow peel extracts on antioxidant enzymes in heart tissues. 147 

4.6.6. Effect of mango and kinnow peel extracts on cardiac histopathology ...................... 151 

4.6. Assessment of antimicrobial activity ............................................................................... 157 

4.7. Development of fruit bars ................................................................................................ 160 

4.7.1. Physico-chemical and microbiological analysis of raw material .............................. 160 

4.7.2. Physico-chemical analysis and antimicrobial activity of fruit bars ........................... 162 

4.7.3. Storage studies of fruit bars ....................................................................................... 169 



X 
 

4.7.3.1. Effect of storage period and temperature on physical quality attributes of fruit 

bars .................................................................................................................................. 169 

4.7.3.1.1. Water activity determination ........................................................................... 169 

4.7.3.1.2. Colour determination .................................................................................. 172 

4.7.3.1.3. Texture analysis .......................................................................................... 175 

4.7.3.2. Effect of storage period and temperature on proximate composition of fruit bars

......................................................................................................................................... 180 

4.7.3.2.1. Moisture content ......................................................................................... 180 

4.7.3.2.2. Ash content ................................................................................................. 183 

4.7.3.2.3. Crude fat content ......................................................................................... 183 

4.7.3.2.4. Crude protein content .................................................................................. 187 

4.7.3.2.5. Crude fibre content ..................................................................................... 187 

4.7.3.2.6. Available carbohydrates.............................................................................. 191 

4.7.3.3. Effect of storage period and temperature on physico-chemical attributes of fruit 

bars .................................................................................................................................. 191 

4.7.3.3.1. Total soluble solids ..................................................................................... 194 

4.7.3.3.2. Percent acidity ............................................................................................. 194 

4.7.3.3.3. pH ................................................................................................................ 195 

4.7.3.3.4. Reducing sugars .......................................................................................... 199 

4.7.3.3.5. Total sugars ................................................................................................. 203 

4.7.3.3.6. Free fatty acids ............................................................................................ 204 

4.7.3.4. Effect of storage period and temperature on total polyphenol content of fruit bars

......................................................................................................................................... 208 

4.7.3.5. Effect of storage period and temperature on antioxidant activity of fruit bars .. 211 

4.7.3.6. Effect of storage period and temperature on microbiological parameters of fruit 

bars .................................................................................................................................. 214 

4.7.3.7. Effect of storage period and temperature on sensory characteristics of fruit bars

......................................................................................................................................... 220 

4.7.3.7.1. Colour/appearance ...................................................................................... 220 

4.7.3.7.2. Taste ............................................................................................................ 221 

4.7.3.7.3. Flavour ........................................................................................................ 225 

4.7.3.7.4. Texture ........................................................................................................ 226 



XI 
 

4.7.3.7.5. Overall acceptability ................................................................................... 230 

CONCLUSION ......................................................................................................................... 233 

RECOMMENDATIONS .......................................................................................................... 233 

CHAPTER-V SUMMARY ...................................................................................................... 234 

LITERATURE CITED ............................................................................................................ 238 

APPENDIX-I ............................................................................................................................. 281 

 



XII 
 

LIST OF TABLES 

Table 3.1: Treatment plan for fruit bar………………………………………………………….54 

Table 4.1: Proximate composition of mango and kinnow peel powders ..................................... 59 

Table 4.2a: Analysis of variance for yield (%) of mango and kinnow mandarin peels extracts  by 

maceration technique .................................................................................................................... 63 

Table 4.2b: Effect of solvent type and level on the yield (%) of mango and kinnow mandarin 

peels extracts by maceration technique......................................................................................... 63 

Table 4.3a: Analysis of variance for yield (%) of mango and kinnow mandarin peels extracts by 

ultrasound assisted technique ........................................................................................................ 64 

Table 4.3b: Effect of solvent type and level on the yield (%) of mango and kinnow mandarin 

peels extracts by ultrasound assisted extraction technique ........................................................... 64 

Table 4.4a: Analysis of variance (mean squares) for total polyphenols content of maceration 

employed mango and kinnow mandarin peels extracts ................................................................ 66 

Table 4.4b: Total polyphenols content of maceration employed mango and kinnow mandarin 

peels extracts ................................................................................................................................. 67 

Table 4.5a: Analysis of variance (mean squares) for total polyphenols content of ultrasound 

assisted technique employed mango peels extracts at different temperatures .............................. 76 

Table 4.5b: Total polyphenols content of ultrasound assisted technique employed mango peels 

extracts at different extraction temperatures ................................................................................. 77 

Table 4.6a: Analysis of variance (mean squares) for total polyphenols content of ultrasound 

assisted technique employed kinnow peels extracts at different temperatures ............................. 90 

Table 4.6b: Total polyphenols content of ultrasound assisted technique employed kinnow 

mandarin  peels extracts at different extraction temperatures ...................................................... 91 

Table 4.7a: Analysis of variance (mean squares) for phenolic acids content of mango and 

kinnow peel extracts ................................................................................................................... 102 

Table 4.7b:  Effect of peel, solvent type and level on the gallic acid content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 103 

Table 4.7c:  Effect of peel, solvent type and level on the chlorogenic acid content (µg/g) of 

mango and kinnow peel extracts ................................................................................................. 103 

Table 4.7d:  Effect of peel, solvent types and levels on the ferulic acid content (µg/g) of mango 

and kinnow peel extracts ............................................................................................................. 104 



XIII 
 

Table 4.7e:  Effect of peel, solvent types and levels on the coumaric acid content (µg/g) of 

mango and kinnow peel extracts ................................................................................................. 104 

Table 4.7f:  Effect of peel, solvent types and levels on the caffeic acid content (µg/g) of mango 

and kinnow peel extracts ............................................................................................................. 104 

Table 4.8a: Analysis of variance (mean squares) for flavanol, flavanone and xanthonoid content 

of mango and kinno peel extracts ............................................................................................... 107 

Table 4.8b:  Effect of peel, solvent type and level on the catechin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 108 

Table 4.8c:  Effect of peel, solvent type and level on the epicatechin content (µg/g) of mango 

and kinnow peel extracts ............................................................................................................. 108 

Table 4.8d:  Effect of peel, solvent type and level on the mangiferin content (µg/g) of mango 

and kinnow peel extracts ............................................................................................................. 109 

Table 4.8e:  Effect of peel, solvent type and level on the hesperidin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 109 

Table 4.8f:  Effect of peel, solvent type and level on the naringenin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 109 

Table 4.9a: Analysis of variance (mean squares) for flavonol content of mango and kinnow peel 

extracts ........................................................................................................................................ 112 

Table 4.9b:  Effect of peel, solvent type and level on the quercetin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 113 

Table 4.9c:  Effect of peel, solvent type and level on the myricetin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 113 

Table 4.9d:  Effect of peel, solvent type and level on the rutin content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 114 

Table 4.9e:  Effect of peel, solvent type and level on the kaempferol content (µg/g) of mango 

and kinnow peel extracts ............................................................................................................. 114 

Table 4.9f:  Effect of peel, solvent type and level on total phenolic content (µg/g) of mango and 

kinnow peel extracts ................................................................................................................... 114 

Table 4.10a: Analysis of variance for FRAP activity of mango and kinnow peels extracts .. 119 

Table 4.10b:  Effect of peel, solvent type and level on FRAP activity (mM/100g) of mango and 

kinnow peel extracts ................................................................................................................... 119 



XIV 
 

Table 4.11a: Analysis of variance for DPPH radical scavenging activity of mango and kinnow 

peels extracts ............................................................................................................................... 122 

Table 4.11b:  Effect of peel, solvent type and level on DPPH radical scavenging activity (%) of 

mango and kinnow peel extracts ................................................................................................. 122 

Table 4.12a: Analysis of variance for superoxide radical scavenging activity of mango and 

kinnow peels extracts .................................................................................................................. 128 

Table 4.12b:  Effect of peel, solvent type and level on superoxide radical scavenging activity 

(%) of mango and kinnow peel extracts ..................................................................................... 128 

Table 4.13: Correlation between total polyphenols and antioxidant activities (FRAP, DPPH   and 

Superoxide radical scavenging assays) of mango peel extracts.................................................. 134 

Table 4.14a: Analysis of variance (mean squares) for serum cardiac enzymes in rats ............. 138 

Table 4.14b: Cardioprotective effect of mango and kinnow peel extracts on serum cardiac 

markers in doxorubicin ............................................................................................................... 138 

Table 4.15a: Analysis of variance (mean squares) for serum lipid profile in rats ..................... 140 

Table 4.15b: Cardioprotective effect of mango and kinnow peel extracts on serum lipid profile 

in doxorubicin-induced cardiotoxicity in rats ............................................................................. 140 

Table 4.16a: Analysis of variance (mean squares) for serum liver function parameters in rats 143 

Table 4.16b:  Effect of mango and kinnow peel extracts on serum liver function parameters in 

doxorubicin-induced cardiotoxicity in rats ................................................................................. 143 

Table 4.17a: Analysis of variance (mean squares) for serum renal function parameters in rats 146 

Table 4.17b: Effect of mango and kinnow peel extracts on serum renal function parameters in 

doxorubicin-induced cardiotoxicity in rats ................................................................................. 146 

Table 4.18a: Analysis of variance (mean squares) for cardiac tissues antioxidant enzymes..... 150 

Table 4.18b: Effect of different doses of mango and kinnow peel extracts on cardiac tissues 

antioxidant enzymes in doxorubicin-induced cardiotoxicity in rats ........................................... 150 

Table 4.19a: Analysis of variance table for antimicrobial activity of mango and kinnow peels 

extracts. ....................................................................................................................................... 159 

Table 4.19b: Antimicrobial activity of mango and kinnow mandarin peel extracts at different 

concentration levels .................................................................................................................... 159 

Table 4.20a: Analysis of variance (mean squares) for proximate composition of fruit bar raw 

material ....................................................................................................................................... 161 



XV 
 

Table 4.20b: Proximate composition of  mango pulp, roasted corn flour and skimmed milk 

powder......................................................................................................................................... 161 

Table 4.20c:  Physico-chemical analysis of mango pulp ........................................................... 161 

Table 4.21a: Analysis of variance (mean squares) for proximate composition of fruit bar ...... 163 

Table 4.21b: Effect of different peel extract fortification levels on proximate composition of 

fruit bars ...................................................................................................................................... 163 

Table 4.22a: Analysis of variance (mean squares) for physicochemical analysis of fruit bar and 

yield (%) of fruit bar extracts. ..................................................................................................... 165 

Table 4.22b: Effect of different peel extract fortification levels on physicochemical analysis of 

fruit bar and yield of fruit bar extracts ........................................................................................ 165 

Table 4.23a: Analysis of variance for antimicrobial activity of fruit bars ................................. 167 

Table 4.23b: Antimicrobial activity of different treatment fruit bars at various concentration 

levels ........................................................................................................................................... 167 

Table 4.24: Analysis of variance for water activity of fruit bars ............................................... 170 

Table 4.25: Analysis of variance for colour of fruit bars ........................................................... 173 

Table 4.26a: Analysis of variance for texture of fruit bars stored at ambient temperature ....... 176 

Table 4.26b: Analysis of variance for texture of fruit bars stored at refrigerated temperature . 176 

Table 4.27: Analysis of variance for moisture of ambient and refrigerated stored fruit bars .... 181 

Table 4.28: Analysis of variance for ash of ambient and refrigerated stored fruit bars ............. 184 

Table 4.29: Analysis of variance for crude fat of ambient and refrigerated stored fruit bars .... 184 

Table 4.30: Analysis of variance for crude protein of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 188 

Table 4.31: Analysis of variance for crude fibre of ambient and refrigerated stored bars ........ 188 

Table 4.32: Analysis of variance for available carbohydrates of ambient and refrigerated stored 

bars .............................................................................................................................................. 192 

Table 4.33: Analysis of variance for TSS of ambient and refrigerated stored fruit bars ........... 196 

Table 4.34: Analysis of variance for percent acidity of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 196 

Table 4.35: Analysis of variance for pH of ambient and refrigerated stored fruit bars ............. 200 

Table 4.36: Analysis of variance for reducing sugars of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 200 

Table 4.37: Analysis of variance for total sugars of ambient and refrigerated stored fruit bars 205 



XVI 
 

Table 4.38: Analysis of variance for free fatty acids of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 205 

Table 4.39: Analysis of variance for total polyphenols of ambient and refrigerated stored fruit 

bars .............................................................................................................................................. 209 

Table 4.40: Analysis of variance for DPPH radical scavenging activity of ambient and 

refrigerated stored fruit bars........................................................................................................ 212 

Table 4.41: Analysis of variance for total plate count of ambient and refrigerated stored fruit 

bars .............................................................................................................................................. 215 

Table 4.42: Analysis of variance for mould count of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 215 

Table 4.43: Analysis of variance for yeast count of ambient and refrigerated stored fruit bars 216 

Table 4.44: Analysis of variance for colour score of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 222 

Table 4.45: Analysis of variance for taste score of ambient and refrigerated stored fruit bars . 222 

Table 4.46: Analysis of variance for flavour score of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 227 

Table 4.47: Analysis of variance for texture score of ambient and refrigerated stored fruit bars

..................................................................................................................................................... 227 

Table 4.48: Analysis of variance for overall acceptability score of ambient and refrigerated 

stored fruit bars ........................................................................................................................... 231 



XVII 
 

LIST OF FIGURES 

Fig. 4.1. Typical chromatogram of polyphenols standards (200 µg/ml) at 280 nm ................... 115 

Fig. 4.2. Typical chromatogram of polyphenol standards (200 µg/ml) at 370 nm ..................... 115 

Fig. 4.3. Typical Chromatogram of  polyphenols  of mango peel 80% ethanolic extract at 280 nm

..................................................................................................................................................... 116 

Fig. 4.4. Typical Chromatogram of  polyphenols  of mango peel 80% ethanolic  extract at 370 

nm ............................................................................................................................................... 116 

Fig. 4.5. Typical Chromatogram of  polyphenols  of kinnow mandarin peel 50% methanolic  

extract at 280 nm ......................................................................................................................... 117 

Fig. 4.6. Typical Chromatogram of polyphenols of kinnow mandarin peel 50% methanolic  

extract at 370 nm ......................................................................................................................... 117 

Fig. 4.7a: Effect of solvent methanol levels on DPPH scavenging activity of mango peel extracts

..................................................................................................................................................... 123 

Fig. 4.7b: Effect of solvent ethanol levels on DPPH scavenging activity of mango peel extracts

..................................................................................................................................................... 124 

Fig. 4.8a: Effect of solvent methanol levels on DPPH scavenging activity of kinnow mandarin 

peel extracts ................................................................................................................................ 125 

Fig. 4.8b: Effect of solvent ethanol levels on DPPH scavenging activity of kinnow mandarin peel 

extracts ........................................................................................................................................ 126 

Fig. 4.9a: Effect of solvent methanol levels on superoxide anion radical scavenging activity of 

mango peel extracts..................................................................................................................... 129 

Fig. 4.9b: Effect of solvent ethanol levels on superoxide anion radical scavenging activity of 

mango peel extracts..................................................................................................................... 130 

Fig. 4.10a: Effect of solvent methanol levels on superoxide anion radical scavenging activity of 

kinnow mandarin peel extracts ................................................................................................... 131 

Fig. 4.10b: Effect of solvent ethanol levels on superoxide anion radical scavenging activity of 

kinnow mandarin peel extracts ................................................................................................... 132 

Fig. 4.11a:  Photomicrograph of normal control without intervention rat heart tissue .............. 153 

Fig. 4.11b: Photomicrograph of DOX group rat heart tissue ..................................................... 153 

Fig.4.11c: Photomicrograph of rat heart tissue pretreated with mango peel extract (75 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 154 



XVIII 
 

Fig. 4.11d: Photomicrograph of rat heart tissue pretreated with mango peel extract (150 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 154 

Fig. 4.11e: Photomicrograph of rat heart tissue pretreated with mango peel extract (300 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 155 

Fig.4.11f: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (75 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 155 

Fig. 4.11g: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (150 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 156 

Fig. 4.12h: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (300 mg/kg 

b.w.) + DOX treated rat heart tissue ........................................................................................... 156 

Fig. 4.12: Effect of storage period and temperature on water activity of fruit bars ................... 171 

Fig. 4.13: Effect of storage period and temperature on colour of fruit bars ............................... 174 

Fig. 4.14a: Effect of storage period and ambient temperature on texture of fruit bars .............. 177 

Fig. 4.14b: Effect of storage period and refrigerated temperature on texture of fruit bars ........ 178 

Fig. 4.15: Effect of storage period and temperature on moisture (%) of fruit bars .................... 182 

Fig. 4.16: Effect of storage period and temperature on ash (%) of fruit bars ............................. 185 

Fig. 4.17: Effect of storage period and temperature on crude fat (%) of fruit bars .................... 186 

Fig. 4.18: Effect of storage period and temperature on crude protein (%) of fruit bars ............. 189 

Figure 4.19: Effect of storage period and temperature on crude fibre (%) of fruit bars ............ 190 

Fig. 4.20: Effect of storage period and temperature on available carbohydrates (%) of fruit bars.

..................................................................................................................................................... 193 

Fig. 4.21: Effect of storage period and temperature on TSS (°Brix) of fruit bars ...................... 197 

Fig. 4.22: Effect of storage period and temperature on acidity (%) of fruit bars. ...................... 198 

Fig. 4.23: Effect of storage period and temperature on pH of fruit bars. ................................... 201 

Fig. 4.24: Effect of storage period and temperature on reducing sugars of fruit bars ................ 202 

Fig. 4.25: Effect of storage period and temperature on total sugars of fruit bars ....................... 206 

Fig. 4.26: Effect of storage period and temperature on free fatty acids of fruit bars. ................ 207 

Fig. 4.27: Effect of storage period and temperature on total polyphenols content of fruit bars. 210 

Fig. 4.28: Effect of storage period and temperature on DPPH radical scavenging activity of fruit 

bars .............................................................................................................................................. 213 

Fig. 4.29: Effect of storage period and temperature on total plate count of fruit bars. .............. 217 

Fig. 4.30: Effect of storage period and temperature on mould count of fruit bars ..................... 218 



XIX 
 

Fig. 4.31: Effect of storage period and temperature on yeast count of fruit bars. ...................... 219 

Fig. 4.32: Effect of storage period and temperature on colour score of fruit bars. ..................... 223 

Fig. 4.33: Effect of storage period and temperature on taste score of fruit bars. ....................... 224 

Fig. 4.34: Effect of storage period and temperature on flavour score of fruit bars. ................... 228 

Fig. 4.35: Effect of storage period and temperature on texture score of fruit bars. .................... 229 

Fig. 4.36: Effect of storage period and temperature on overall acceptability score of fruit bars. 

..................................................................................................................................................... 232 



XX 
 

LIST OF ABBREVIATIONS 

AACC                            American Association of Cereal Chemists 

Acet                                Acetone 

ALP                                Alkaline phosphatase 

ALT                                Alanine transminase 

AOAC                            Association of Official Analytical Chemists 

AST                                Aspartate transminase 

ATCC                             American Type Culture Collection 

BUN                               Blood Urea Nitrogen 

b.w.                                 Body Weight 

CAT                                Catalase 

cfu                                   Colony Forming Unit 

CKMB                            Creatine Kinase- MB fraction 

CPK                                Creatine phosphokinase 

CTn                                 Colour Test Number 

dL                                    Decilitre 

DOX                                Doxorubicin 

DPPH                              1, 1-diphenyl-2-picryl-hydrazyl 

EDTA                              Ethylene Di-amine Tetra acetate 

EtAc                                Ethyl Acetate 

EtOH                               Ethanol 

FRAP                               Ferric Reducing Antioxidant Power 

FeCl3                                         Ferric Chloride 

GAE                                Gallic Acid Equivalent 

GPx                                 Glutathione Peroxidase 

HDL                                High Density Lipoprotein 

HPLC                              High Performance Liquid Chromatography 

IU/L                                 International Unit Per Litre 

KPE                                 Kinnow Peel Extract 

LDH                                Low Density Lipoprotein 

LDL                                Lactate dehydrogenase 

MeOH                             Methanol 



XXI 
 

min                                 Minute 

mm                                 Millimeter    

mM                                Millimole 

MPE                              Mango Peel Extract 

NBT                              Nitroblue Tetrazolium 

nm                                 Nanometer 

pH                                 Power of Hydrogen 

ROS                              Reactive Oxygen Species 

SOD                             Superoxide Dismutase 

TPTZ                            2, 4, 6-Tripyridyl-s-Triazine 

TSS                              Total Soluble Solids 

UAE                             Ultrasound-assisted Extraction 

µg                                 Microgram 



XXII 
 

ACKNOWLEDGEMENTS 

All my gratitude and prayer is extended to ALLAH almighty who is the bestower and 

sustainer of life. He persuades us to seek knowledge and unleash the magnanimity of this 

universe through our conscience for the welfare and prosperity of our fellow beings. His last 

messenger Hazrat Muhammad (P.B.U.H) cannot be excluded from my appraisal as he is the 

one who guided us to civility and instilled knowledge into us, thus enabling us to develop a 

logical approach and unearth the myths of knowledge. 

I would like to take this opportunity to convey my cordial gratitude and appreciation to 

Dr. Tusneem Kausar, Associate Professor, Institute of Food Science & Nutrition, University of 

Sargodha, Pakistan. Without whose constant help, deep interest and vigilant guidance, the 

completion of this thesis was not possible. I am really grateful for her accommodative attitude, 

thought provoking guidance, immense intellectual input, patience and sympathetic behavior. 

I am deeply indebted to Dr. Muhammad Nadeem, Assistant Professor, Institute of Food 

Science & Nutrition, University of Sargodha, for his technical suggestions, intellectual inputs 

and illustrative advice during this research work. He always encouraged me to carry on my 

research work with full interest. I am also extremely grateful to Dr. Sarfraz Hussain, Director, 

Institute of Food Science & Nutrition, University of Sargodha, for his valuable assistance and 

constructive comments. 

Sincere regards to all the Teaching Faculty of Institute of Food Science & Nutrition, 

University of Sargodha especially Dr. Anjum Murtaza, Associate Professor, for sharing the 

scientific and technical knowledge with me during my research study.   

I am deeply and strongly obliged to Dr. Sarfraz Ahmed, Project Incharge, RADP, 

PARC, Islamabad to enable me to be a part of RADP project and provide financial support for 

the completion of the research study. I am highly grateful to Mr. Karam Ahad, Director 

Ecotoxicology research institute, NARC, Islamabad for providing me HPLC analysis facilities 

for the research study. I am indebted to Dr. Hussain Ali, Incharge, Animal House, NIH, 

Islamabad for providing facility and guidance to conduct the biological studies during the 

research project. 

I owe a special appreciation to my research project team at Food Science & Product 

Development Institute (FSPDI), NARC, Islamabad for their immeasurable contribution towards 

this research by creating the atmosphere to the successful completion of this work. Especially, 

Dr. Samina Khalil, Ex-Director, FSPDI, NARC, Mr. Amer Mumtaz, SSO, FSPDI, Miss 



XXIII 
 

Fatima Tufail, Lab. Assistant and Mr. Waqas Ahmad, Lab. Assistant, FSPDI, NARC, 

Islamabad made countless efforts for me in the lab, even during holidays. I wish them all the best 

in their life.  

 My humble regards and special thanks to Dr. Saqib Jabbar, SSO, FSPDI, NARC for 

his sincere guidance, courage and prayers, which made my life easy during the tensest period of 

my life and for his useful contribution towards mutual learning of several scientific and research 

concepts, using software and cheerful support. 

I deeply thanks to Dr. Saeeda Raza, Director, FSPDI, Mr. Muhammad Amjad, PSO, 

FSPDI, my friends and collegues Mr. Salman Ahmad, Miss Hina Nazar, Mr. Tauqeer 

Ahmad and Mr. Saeed Afzal for continuously encouraging and accompanying me throughout 

my research study.  

The last but not the least, no adequate words can express my feelings and humble 

gratitude towards my affectionate mother, my wife Asma Naeem, kids Infa, Shaheer and 

Abrish, my brother and sisters for their immense love and prayers for my success. They really 

contributed in every aspect in achieving this milestone for me. May God bless them all. 

 

 

                                                                                    MUHAMMAD NAEEM SAFDAR 

                     



1 
 

Chapter I 

INTRODUCTION 

Oxygen is one of the vital components of life since all living organisms require oxygen 

for metabolism and utilize dietary nutrients to produce energy for survival. However, oxygen is 

also referred as a double edged sword due to its capability of becoming part of potentially 

damaging compounds known as “free radicals”. Free radicals are referred as molecular 

fragments having one or more unpaired electrons, highly reactive, short lived and once formed 

start chain reaction. They are highly unstable and capture electrons from other substances in 

order to neutralize themselves. Free radicals are produced in the body during different metabolic 

pathways such as respiration and immune functions as well as through exogenous sources like 

exposure to radiations, environmental pollution and pesticides. Free radicals are beneficial up to 

a certain level by promoting beneficial oxidation for energy production and also destroy bacterial 

invasions. However, when in excess, they cause harmful oxidation thus damage cell membranes 

and cell contents (Adedapo et al., 2009; Gulcin et al., 2007; Nunomura et al., 2006) 

Oxidative stress is considered as the root cause in the pathogenesis of certain chronic 

diseases like atherosclerosis, cardiovascular disease, diabetes mellitus, cancer, aging, rheumatoid 

arthritis, nerve cells damage in the brain leading to Parkinson‟s or Alzheimer‟s disease, reduced 

immunity, obesity, hypertension etc. It disintegrates the body antioxidant defense system and 

may lead to cell death due to over-production of free radicals and reactive oxygen species (Dai & 

Mumper, 2010; Jayakumar et al., 2009; Zujko et al., 2011). 

Antioxidants are chemical compounds or substances that retard/inhibit the oxidation 

process caused by free radicals and other reactive species thus protect the cells from oxidative 

damage (Lim et al., 2006). Antioxidants block the reactive compounds by terminating the chain 

reactions of free radicals and inhibit other oxidation reactions. They are often reducing agents 

and during the process themselves are oxidized. Generally, antioxidants function in the body at 

three levels i.e.  prevention by keeping minimum formation of reactive species, scavenging 

reactive species either by catalytic and non-catalytic compounds as well as through repair of 

damaged target compounds (Apak et al., 2013; Kohen & Nyska, 2002; Rajeshwar et al., 2005). 

Polyphenols are the antioxidants present naturally in plants especially in fruits and 

vegetables which can have a significant role on human health owing to their scavenging of free 

radicals, chelation of pro-oxidant metal ions in the body, antioxidant enzymes cofactors as well 

as provide protection to dietary antioxidants like vitamin E (Osman et al., 2009; Wojdylo et al., 

http://en.wikipedia.org/wiki/Redox
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2007). Besides antioxidants, polyphenols also exhibit antimicrobial, anti-allergic, anti-

inflammatory, cardio-protective characteristics (Manach et al., 2005; Ramesh & Pattar, 2010). 

Polyphenols include a wide array of compounds sub-divided into various classes such as 

hydroxycinnamic acids, hydroxybenzoic acids, flavonols, flavanols, flavones, isoflavones 

flavanones, anthocyanins, lignans and stilbenes. Polyphenols especially flavonoids have higher 

antioxidant potential than vitamin C and E (Amic et al., 2003). Different epidemiological studies 

have established a positive correlation between fruits and vegetables intake with the reduced 

incidence of cardiovascular disease, certain cancers, aging and other degenerative diseases due to 

the antioxidant role of phenolic compounds present in fruits and vegetables (Djilas et al., 2009; 

He et al., 2007; Huang et al., 2011; Sesso et al., 2012). 

During industrial processing of fruits, large quantities of agro-industrial wastes such as 

peels, seeds, stones and other residues are produced which not only create disposal problem but 

also lead to environmental pollution. Proper disposal and efficient utilization of agro-industrial 

waste is the pre-requisite of industrial waste management. The fruit processing wastes contain 

valuable nutrients and biomass which may be converted into value-added by-products.  

However, recently different value-added products such as functional foods, neutraceuticals have 

been developed from agro-industrial wastes. It has been observed in recent studies that fruit 

wastes especially peels have higher antioxidant potential and contain comparatively higher 

quantity of phenolic compounds such as phenolic acids, flavonoids, carotenoids and 

anthocyanins than in most fruit pulps( Deng et al., 2012; Goulas & Manganaris, 2012). 

Mango (Mangifera indica L.) is one of the popular tropical fruit grown extensively due to 

its nutritive value and taste. In Pakistan, it is the second leading fruit after citrus in terms of 

production and area. During mango processing at industrial scale, peel is the major by-product 

which is not further utilized commercially and thus discarded as waste. Mango peel constitutes 

about 15-20% of the mango fruit weight and is a rich source of phytochemicals like polyphenols, 

carotenoids, dietary fibre, ascorbic acid and vitamin E. Mango peel contains higher phenolic 

compounds than mango pulp (Ajila et al., 2007). The phenolic compounds present in mango peel 

comprise of quercetin, magniferin, kaempferol, rhamnetin, ellagic acid which have potential 

health benefits such as anti-atherosclerosis, anti-oxidative, anti-carcinogenic, anti-mutagenic 

activities (Masibo & He, 2008).  

Citrus is one of the major fruit crops of Pakistan and comprise of  kinnow, orange, 

grapefruit, lemon, lime, sweet orange etc. Pakistan ranks tenth among citrus growing countries. 
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Annual production of citrus is 2.33 million tons out of which about 90% is kinnow mandarin 

(GOP, 2012). Kinnow mandarin (Citrus reticulata L.) peel is about 35-40% of the fruit weight 

and is the major waste component after processing. High disposal costs of waste have urged 

researchers to explore wastes potential benefits as well as minimizing their environmental 

hazards (Magda et al., 2008). Currently, only a fraction of total peel residue mass is being 

utilized as beverage bases, marmalades and candied peel. Citrus peel is the rich source of 

polyphenolsphenolic compounds especially flavonoids with comparatively higher polyphenols 

content than edible part. The flavonoids present in citrus consist of flavones, isoflavones, 

flavonones, flavonols and anthocyanidins (Senevirathne et al., 2009). Beneficial effects of citrus 

peel against certain degenerative diseases like reducing the risk of coronary heart disease, as 

anti-inflammatory and anti-carcinocegenic agent have been observed in different 

epidemiological studies( Tripoli et al., 2007). 

Extraction is a process in which mixtures of liquid or solid substances are separated by 

using specific solvents. Extraction/isolation of phenolic compounds from plants is one of the 

important research areas due to their low concentrations, complex polymerization and 

glycosylation patterns as well as different food matrices (Tsao, 2010).  Application of organic 

solvents such as methanol, ethanol, acetone and ethyl acetate is the common technique for the 

extraction of phenolic compounds (Ross et al., 2009). Extraction of bioactive phenolics from 

plants depends on several factors such as their chemical nature, extraction time and temperature, 

the sample particle size, type of solvent, sample to solvent ratio, pH,  presence of interfering 

substances and number of individual extraction steps whether sequential or non-sequential 

extraction (Khoddami et al., 2013; Stalikas, 2007). Maceration is the simplest conventional solid-

liquid extraction method and involves keeping the sample (plant material) in contact with solvent 

at ambient or high temperature for a specific time period with or without stirring or agitation 

until bio-active compounds completely solubilized in solvent (Garcia-Salas et al., 2010). It is 

more suitable for the extraction of thermolabile samples (Ncube et al., 2008). Maceration 

technique has the disadvantage of comparatively low extraction of phenolic compounds, time 

consuming and relatively large quantities of organic solvents are required (Aspe & Fernandez, 

2011; Xu et al., 2016).   

Ultrasound assisted extraction of polyphenols is a non-conventional technique which 

involves mixing the sample with organic solvent in a flask or beaker and placing it in an 

ultrasonic bath with pre-set time and temperature. Sound waves are produced during the process 
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which generates cavitation bubbles adjacent to sample that ultimately rupture sample cell walls 

thus lead to extraction of phenolic compounds from sample to the solvent medium (Da Porto & 

Decorti, 2009). Ultrasound assisted extraction average time is around 30 minutes and the 

recoveries are more than the long extraction period of 12 or more hours in case of Soxhlet 

extraction. The extraction yield is about 6 to 35% higher than traditional extraction methods 

(Vilkhu et al., 2008). It is safe and recommended for thermo labile compounds and can be 

employed to extract a wide range of compounds with less consumption of solvent. Due to high 

efficiency, better yield, inexpensive equipment, simplicity, ultrasound-assisted extraction is the 

commonly employed technique in laboratories (Rosello-Soto et al., 2015; Vuong et al., 2015; 

Yolmeh et al., 2014). An efficient ultrasound extraction depends on factors like particle size, 

moisture content, solvent type as well as certain other factors such as temperature, pressure, 

sonication time, frequency etc. (Wang & Weller, 2006).  

Antioxidant activity determination of foods is of utmost importance and there are several 

methods/ assays employed such as ferric reducing antioxidant power (FRAP), 2,2-Diphenyl-1-

picrylhydrazyl (DPPH), oxygen radical absorbance capacity (ORAC), superoxide radical 

scavenging assay etc. DPPH radical scavenging assay is the most widely used method to 

determine antioxidant capacity (Bendini et al., 2006). However, since different variables are 

involved in DPPH, it may become the inconsistent technique to determine antioxidant activity if 

not carefully monitored. Sample concentration, standard type and concentration, ion 

concentration, time of reaction and results analysis are the factors that affect DPPH response 

(Melendez et al., 2014). 

High Performance Liquid Chromatograpghy (HPLC) is the most common technique for 

the quantification of polyphenols. Factors affecting HPLC phenolic compounds analysis include 

mobile phase, column type, detectors used as well as purification of sample.  Generally, acidified 

polar organic solvents, a reversed phase C18 column and photo diode array detector is employed 

for the quantification of phenolics (Ignat et al., 2011).  Methanol and acetonitrile are the common 

mobile phase utilized for phenolic compounds quantification and are generally identified by 

photo diode array or UV-Visible detectors at 190-380 nm wavelength (Cicchetti & Chaintreau, 

2009; Zarena & Sankar, 2011). 

 Cardiovascular disease is one of the leading causes of deaths worldwide nowadays and 

accounts for more than 30% deaths around the world with approximately 28% in developing and 

about 40% in developed countries (Gaziano & Gaziano, 2008; Thippeswamy et al., 2009). 
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Increased level of low-density lipoproteins, serum total cholesterol and decreased level of high-

density lipoproteins are the clinical indicators of cardiovascular disease.  Acute development of 

myocardium necrosis refers as myocardial infarction and occurs due to critical imbalance 

between the oxygen supply and myocardial demand.  Elevated production of free radicals and 

other reactive species by ischemic tissue leads to oxidative stress of membrane lipids, DNA, 

carbohydrates and proteins with decreased antioxidants level ultimately cause quantitative and 

qualitative changes in the myocardium (Panda & Naik, 2008). Various plant foods phenolic acids 

such as caffeic acid, vanillic acid and ferulic acid slow down the plaque formation in ateries 

(Decker, 1995) and herbs have certain cardio-protective properties (Asdaq et al., 2008; Mohanty 

et al., 2007). Flavonoids may have cardio-protective effects due to their antioxidant, anti-

inflammatory, anti-platelet properties as well as may lower the blood pressure (Ding et al., 

2006).  

The prevalence of infectious diseases in developing countries is quite alarming (Mojab   

et al., 2008). The situation becomes more complicated with the side effects such as allergic 

reactions, hypersensitivity generated by synthetic antibiotics. However, phenolic acids and 

flavonoids present in plants have been considered as good antimicrobial agents (Chakraborty     

et al., 2007; Pereira et al., 2007; Li & Xu, 2008). 

Due to today
‟
s busy lifestyles, convenience foods like fruit bars have gained popularity 

among consumers. People are more health conscious and demand for convenient nutritive foods 

readily available throughout the year (Orrego et al., 2014). Fruit bars are the snacks with highly 

nutritional and good sensory attributes owing to elevated concentration of carbohydrates, 

proteins, vitamins and minerals. They may be prepared from different fruits along with other 

ingredients such as cereals, legumes, nuts, chocolate coatings etc. Since fruit bars are prepared 

from fruit pulp as major ingredient, they have high nutrients, flavour, better consumer appeal and 

utilized as a good nutritional supplement (Ukkuru & Pandey, 2007). Functional fruit bars may be 

prepared by incorporating bioactive compounds such as polyphenols as ingredient to the fruit 

bars. 

Functional foods are natural or processed foods that are similar to conventional foods in 

appearance but beside basic nutrition, they also provide additional physiological benefits in the 

management, prevention and treatment of certain chronic diseases (Martirosyan, 2011). 

Functional foods play an important role in modern life because people are now more health 
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conscious and seek for foods that not only provide necessary nutrients but also improve physical 

and mental well-being by preventing certain diseases (Megala & Hymavathi, 2011). 

 Keeping in view the above-mentioned facts, a research study has been designed with the 

following objectives: 

1.1. Objectives 

i. Optimization of extraction conditions for phenolic compounds from mango and kinnow 

peels. 

ii. Evaluation of antioxidant, antimicrobial and cardio-protective potential of mango and 

kinnow peel extracts. 

iii. Development and preparation of fruit bar for all age groups using mango and kinnow peel 

extracts. 

iv. Determine the suitability of utilization of mango and kinnow peel extracts in fruit bar 

through physico-chemical, microbial and sensory analysis. 
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                                                                                                                    Chapter II 

REVIEW OF LITERATURE 

2.1. Oxidative stress 

Oxidative stress in cells is caused by reactive oxygen species (ROS) comprise of all 

highly reactive, oxygen-containing molecules such as hydroxyl radical (OH
·
), hydrogen peroxide 

(H2O2), singlet oxygen, superoxide anion radical (O2
–
) and lipid peroxides as well as by reactive 

nitrogen species (RNS) like nitric oxide (NO
·
), nitrite radical (NO2

·
) peroxynitrite (ONOO

–
). 

They may react with nucleic acids, membrane lipids, proteins and enzymes thus causing lipid 

peroxidation, membrane proteins cross linking, membrane fluidity and lipid-protein, lipid-DNA 

adduct formation which may be detrimental to the normal cell functioning thus may lead to 

cardiovascular problems, inflammations, weak immunity, cancer, diabetes etc.  (Fei et al., 2007; 

Jayakumar et al., 2009; Kunwar & Priyadarsini, 2011; Sharififar et al., 2007). Normally, about 

2% oxygen utilized by the body is converted into superoxides (Winterbourn, 2008). Interaction 

of reactive oxygen species with protein may cause direct and indirect damage to proteins such as 

peroxidation, proteolytic degradation, changes in their tertiary structure, protein-protein cross 

linkages and fragmentation. Similarly interaction of ROS and RNS with DNA may leads to DNA 

damages like DNA bases modifications, damage to deoxyribose sugar, breaking of single and 

double strand DNA loss of purines, DNA-protein cross-linkage and damage to the repair system 

of DNA.  Thus, the DNA damage by ROS results in genetic material modification that may leads 

to cell death, mutagenesis and ageing (Beckman & Ames, 1997; Shrivastava et al., 2011). 

Similarly, Macomber et al. (2007) reported that under oxidative stress, iron-mediated DNA 

damage by hydroxyl radical may be the root cause of cell death. 

2.2. Role of antioxidants in the human body  

Generally, human body creates its own free radicals in order to counteract and destroy 

viruses or bacteria invasion. However, in order to neutralize the effect of free radicals it also 

generates antioxidants. Human body has a complex antioxidant system so that it can protect itself 

from damages caused by ROS and RNS. Antioxidants are produced within the body in tissues, 

fluids as well as obtained from different dietary sources. For a healthy biological system, there 

needs to be a balance between oxidants and antioxidants (Katalinic et al., 2006). 

http://www.news-medical.net/health/What-are-Lipids.aspx
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The antioxidant enzymes present in the body include glutathione peroxidase, glutathione 

reductase, superoxide dismutase and catalase (Ali et al., 2008; Staner et al., 2004; Willcox et al., 

2004). These enzymes are the first defense line against free radicals/reactive oxygen species. 

Different antioxidants have synergistic and interdependent effects on one another. The action of 

one antioxidant enzyme may therefore depend on the proper functioning of the other. Superoxide 

dismutase catalyzes the two superoxides conversion to oxygen and hydrogen peroxide which in 

turn is reduced to water by catalase and glutathione peroxidase (Lobo et al., 2010).  Protection 

level provided by an antioxidant depends on its concentration, reactivity against the particular 

reactive oxygen species, and the other interacting antioxidant status. There are certain 

compounds that chelate transition metals and prevent them from catalyzing free radicals 

production in the cells. Antioxidant enzymes require specific micronutrient cofactors such as 

iron, copper, zinc, selenium and manganese for their activity. Generally, Selenium and zinc are 

considered as antioxidant nutrient but they have no antioxidant capacity and rather required by 

antioxidant enzymes for their activity (Vertuani et al., 2004). According to Irshad and Chaudhuri 

(2002) selenium is required for the biosynthesis of adenosine triphosphasphate and ubiquinone 

whereas its deficiency may leads to muscular dystrophy, cardiac muscle necrosis and hepatic 

necrosis.  

Vitamin C, glutathione, albumin, bilirubin, uric acid, ubiquinol and vitamin E are the 

radical scavengers and form the second line of defense. While proteases, lipase, peptidases, 

transferases, nucleases, glycosylases are present in mitochondria and cytosol and constitute the 

third defense line against free radicals. They repair damaged proteins, remove oxidized proteins, 

peroxides, repair damaged DNA, terminate peroxyl lipid radical propagation (Halliwell & 

Gutteridge, 1999; Helne & Linn, 1997; Irshad & Chaudhuri, 2002; Lobo et al., 2010). 

The oxidant-antioxidant role of uric acid has been described by various researchers. The 

highest concentration antioxidant present in human blood is uric acid with more than 50% of 

total antioxidant capacity of human serum. It is an antioxidant oxypurine produced by xanthine 

oxidase and is purine metabolism intermediate product. The antioxidant activities of Uric acid 

are complicated since that it has no reactivity against some oxidants such as superoxide, whereas 

it shows high reactivity level against other antioxidants i.e. peroxides, peroxynitrite, hypochlorus 

acid. It functions as an antioxidant only in hydrophilic conditions. It may function in plasma as 

an antioxidant whereas within the cells as pro-oxidant (Alvarez-Lario & Macarron-Vicente, 

2010; Sautin & Johnson, 2008). 

http://en.wikipedia.org/wiki/Glutathione
http://en.wikipedia.org/wiki/Superoxide_dismutase
http://en.wikipedia.org/wiki/Catalase
http://en.wikipedia.org/wiki/Synergy
http://www.news-medical.net/health/Selenium-What-is-Selenium.aspx
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Antioxidant glutathione is synthesized from amino acids glycine, glutamic acid and 

cysteine in the cells and is therefore not required in the diet. It is considered as one of the 

important intracellular antioxidants owing to high concentration and pivotal role for maintaining 

redox state of cells (Pompella et al., 2003). It has the antioxidant properties due to the action of 

thiol group as a reducing agent in its cysteine moiety which can be reversibly oxidized and 

reduced. Enzyme glutathione reductase maintains glutathione in reduced form within the cells, 

which then neutralizes free radicals and reactive oxygen species, reduces other metabolites and 

enzyme systems like gluthione peroxidases, ascorbate and glutaredoxins and maintains external 

antioxidants like vitamin C and E in their active form (Couto et al., 2013).  The role of melatonin 

as an antioxidant was reported by Reiter et al. (2009). They stated that melatonin does not 

undergo redox cycling. Due to redox cycling, some of the other antioxidants such as ascorbic 

acid may even act as pro-oxidants thus promoting free radical formation. Once oxidized, 

melatonin cannot be reduced due to the fact that after reacting with free radicals it leads to 

number of stable end-products and hence referred as terminal antioxidant. 

Antioxidants may respond to various oxidant sources or radicals in different manner like 

carotenoids which quench singlet oxygen radicals more efficiently than other antioxidants and 

polyphenols but are not good peroxyl radicals quenchers as compared to polyphenols (Prior et 

al., 2005). 

2.3. Polyphenols 

Polyphenols are plants secondary metabolites with wide range of physiological functions 

such as antioxidants to reduce the incidence of coronary heart disease ( Pandey & Rizvi, 2009; 

Scalbert et al., 2005; Vita, 2005), anti-carcinogenic to decrease the occurrence of cancer (Pieme et 

al., 2010; Ramos, 2008; Sawadogo et al., 2012), anti-inflammatory (Mohanlal et al., 2012; Zhang 

et al., 2011), lower the diabetes incidence (Kusirisin et al., 2009), antimicrobial activity(Ramesh 

& Pattar, 2010) and decrease the mutagenesis rate in cells (Pedreschi & Cisneros-Zevallos, 2006; 

Sawadogo et al., 2012). Polyphenols have high significance due to their antioxidant properties 

and are used as preservative in food preparations as well (Slusarczyk et al., 2009). 

Kennedy and Wightman (2011) stated that polyphenols in plants are involved in defense 

against ultraviolet radiation, pathogens, wounds, infections etc. About 8000 phenolic compounds 

have been identified in plants so far with a common basic structure i.e.  an aromatic ring having 

one or more hydroxy groups. Mostly they exist in conjugated forms with linkage of sugar 

http://en.wikipedia.org/wiki/Glutathione
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moieties to hydroxyl group, however, direct attachment of sugar to aromatic carbon may also 

occur (Khoddami et al., 2013; Pandey and Rizvi, 2009). 

Polyphenols are the most abundant antioxidant of plant foods like fruits, vegetables, tea, 

coffee, cereals, legumes, chocolates that are important sources and considered an integral 

constituent of our diet. They are comparatively more stable to heating/processing and storage 

than other dietary antioxidants (Dai & Mumper, 2010; Zujko & Witowska, 2011). Their dietary 

intake is upto 1g/day which is higher than other phytochemicals and nutritional antioxidants such 

as carotenoids, vit C and E (Manach et al., 2004; Scalbert et al., 2005). 

2.3.1. Types of polyphenols 

On the basis of number of phenols rings and structural units that bind these phenol rings to 

one another, phenolic compounds in plants are classified into different groups as simple phenols, 

phenolic acids, flavonoids, tannins, lignans, lignins, stilbenes (Khodammi et al., 2013; Soto-Vaca 

et al., 2012). 

Generally, phenolic acids and free phenols are considered in one class since free phenols 

exist rarely in plants. Phenolic acids are widely distributed within the plant kingdom and occur 

mostly in the form of glycosides, esters, ethers or amides to proteins, glucose, cellulose, lignins, 

flavonoids, terpenes etc (Garcia-Salas et al., 2010; Lam et al., 2001; Stalikas, 2007). According to 

Pereira et al. (2009) differences in phenolic acids are due to number of hydroxyl group and their 

locations on the aromatic ring. There are variations in phenolic acids susceptibility to degradation 

and suitability to diverse extraction conditions (Ross et al., 2009).  

Phenolic acids have two distinctive carbon frame works and thus further classified into 

hydroxybenzoic acid and hydroxycinnamic acid derivatives. Hydroxybenzoic acid derivatives 

include gallic, syringic, vanillic and protocatechuric acids, whereas hydroxycinnamic acid 

derivatives consist of ferulic, p-coumaric, caffeic and sinapic acids. With the exception of some 

red fruits, onions and black radish, edible plants have low content of hydroxybenzoic acid and 

they are rather components of complex structures like hydrolysable tannins (Clifford & Scalbert, 

2000; Pandey & Rizvi, 2009). Hydroxycinnamic acids are relatively more common and present in 

virtually all plants (Robbins, 2003). Chlorogenic acid, the most prominent hydroxycinnamic acid 

is formed by the combination of caffeic acid and quinic acid. Hydroxycinnamic acids have the 

three carbon side chain while hydroxybenzoic acid have carboxylic group directly attached to 

phenol ring (Zarena & Sankar, 2011).  
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        Phenol                                                                Gallic acid  

                             

p-Coumaric acid                                                                       Ferulic acid       

                      

      Chlorogenic acid                                                          Caffeic acid 

 

Chemical structure of simple phenols and phenolic acids 

Flavonoids are the most common phenolic compounds in plants, derived from aromatic amino 

acids tyrosine and phenylalanine that are bound together by three ringed structure to form an 

oxygenated heterocycle (Routray & Orsat, 2012). Flavonoids are further divided into six sub-

classes such as flavonols, flavanols, flavanones, flavones, isoflavones and anthocyanins. 

Differences in structure of flavonoids occur due to pattern and level of hydroxylation, 
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glycosylation, alkalinization, methylation reactions (Spenser et al., 2008). Different researchers 

emphasized the significance and application of flavonoids in food and pharmaceuticals industries 

for the treatment of certain chronic diseases (Carlo et al., 1999; Jiangrong & Jiang, 2007; Yao et 

al., 2004). 

                                

                           

                                

Chemical structure of polyphenols 

2.3.2. Occurence of Polyphenols in Plant Foods 

Polyphenols are one of the most ubiquitous compounds in the plant foods. Soluble 

phenolic compounds are found in plant cell vacuoles whereas insoluble phenolics are present in 

cell walls. Lignins and hydroxycinnamic acids are cell wall phenolic compounds (Vanholme et 

al., 2010) that play a significant role during plant growth by providing protection against 

pathogens and stress (Naczk & Shahidi, 2004). Polyphenols major dietary sources are fruits, 

coffee, tea, fruit juices along with vegetables, chocolates, cereals and legumes. Phenolic 



13 
 

compounds contribute to the organoleptic and nutritional quality of fruits and are responsible for 

bitter and astringent tastes (Serrano et al., 2010).  

Phenolic acids and flavonoids are the main polyphenols in the diet and accounts for 30% 

and 60% of the total phenolic compounds (Escarpa & Gonzalez, 2008). Total polyphenols 

content of various fruits and vegetables differ widely or even the composition of phenolic 

compounds changes with the cultivars (Balasundram et al., 2006; Garcia-Salas et al., 2010).  The 

variations may be due to the nature of phenolic compounds, extraction and analysis methods 

(Kalt et al., 2001; Sun et al., 2002). In foods, flavonols especially quercetin and kaempferol are 

the most common flavonoids while fruits generally have five to ten different flavonol glycosides 

(Pandey & Rizvi, 2009).  Ayaz et al. (2005) stated that among fruits, berries especially 

blueberries are rich source of polyphenols with antioxidative properties such as phenolic acids, 

flavonols, catechins, proanthocyanidins and anthocyanins. While the phenolic compounds in 

apple include hydroxycinnamic acid derivatives, flavonols, flavanols, procyanidins and 

dihydrogen chalcones (Madrera et al., 2006). Pomegranate contains an appreciable quantity of 

phenolic compounds like gallic acid, ellagic acid and tannins (Loren et al., 2005).  

Citrus fruits like oranges, mandarin, lemon, grapefruits etc. are good source of phenolic 

compounds. Flavonoids such as flavonones, flavones and flavonols as well as hydroxycinnamic 

acid derivatives are the major phenolics in citrus. Flavonones are the characteristics flavonoids of 

citrus fruits such as hereperitin in oranges, naringenin in grapefruit, eriodictyol in lemons and are 

responsible for their specific taste (Karsheva et al., 2013; Pandey & Rizvi., 2009).   

Several researchers have studied and reported the mango fruit polyphenols content and reported 

the phenolic compounds in mango pulp as phenolic acids like gallic acid, ellagic acid, ferulic 

acid, coumaric acid and contain flavonoids such as  quercetin, kaempferol, gallotannins and  

xanthones including mangiferin (Berardini et al., 2005; Kim et al., 2007; Masibo & He, 2008). 

Though vegetables contain less polyphenols than fruits but they still are considered good 

source of phenolic compounds. Different studies have elaborated the phenolic compounds of 

various vegetables such as lettuce contain several flavonoids especially quercetin conjugates in 

green leaf and red pigmented varieties, spinach contains flavonoids spinacetin, jaceidin and 

patuletin conjugates. Onions are good source of flavonoids like quercetin, myrecetin, 

kaempferol, isorhamnetin (Bergquist et al., 2005; DuPont et al., 2000). Nambiar        et al. (2010) 

identified p-coumaric acid, ferulic acid, vanillic acid and flavonolids quercetin, acacetin and 

kaempferol in coriander leaves. The phytochemicals in cabbage were reported by Taveira et al. 
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(2009) as rich source of flavonoids, phenolic acids, glucosinolates as well as their hydrolysis 

products with protective effect against certain diseases. 

Manach et al. (2004) stated that in cereals, flavonoids and phenolic acids exist in free and 

conjugated forms with higher quantities in grains aleurone layer and less in seed coats and 

embryos. Ferulic acid is the dominant phenolic compound in cereal grains and accounts for 90% 

of total polyphenols in wheat.  

Cieslik et al. (2006) studied the polyphenol content of different fruits, vegetables and 

observed highest and lowest phenolic content i.e. 1540 mg/100 g and 57 mg/100g in European 

elder fruit and nectarines respectively. In case of vegetables, broccoli had the highest 

polyphenols 290 mg/100 g and lowest in zucchini 38 mg/100 g on fresh weight basis.  

In another study, Zujko and Witkowska (2011) reported the polyphenol content of 

different fruits, vegetables, pulses and cereal products. They observed that fruits had 

comparatively higher polyphenols than vegetables, pulses and cereals. Among studied fruits, 

strawberries had the highest polyphenol content 239 mg/100 g whereas nectarines had the least 

phenolic content i.e. 60 mg/100 g as such basis. 

Other important source of phenolic compounds in human diet is the beverages like tea, 

coffee, fruit juices. Sluis et al. (2002) observed 50% reduction of apple juice chlorogenic acid 

content as compared to fresh apples due to losses during processing, while Watanabe (2006) 

reported chlorogenic acid as the predominant phenolic compound in coffee. Tea either green or 

black tea contain higher concentration of polyphenols especially monomeric flavanols i.e. 

catechins and epicatechins along with other phenolic compounds including quercetin, myricitin, 

kaempferol and their glycosides (Khan et al., 2007; Si et al., 2006).  

2.3.3. Polyphenols in agro-industrial by-products 

Plant foods processing operations lead to the production of by-products that have 

comparatively higher bioactive compounds such as polyphenols and dietary fiber than the pulp 

(Emaga et al., 2008; Kondo et al., 2007; Samonte & Trinidad, 2013). Fruits and vegetable peels 

are abundant source of phenolic compounds and could be utilized more than herbal preparation 

for bioactive compounds due to their comparatively easy identification, characterization of 

chemical structure and biological characteristics as well as economical since peels are considered 

waste (Dixit et al., 2008; Parmer & Kar, 2009). 

Soong and Barlow (2004) studied polyphenol content of mango, avocado, jackfruit and 

longan seeds and observed higher polyphenols in seeds than edible flesh. Total polyphenols 
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content in orange, grapefruit and lemon peels was approximately 15% more than the fruit 

(Balasundram et al., 2006; Gorinstein et al., 2001). It was observed that peels of apple, pears, 

peaches, white and yellow flesh nectarines contain polyphenols twice more than the phenolic 

compounds present in their pulp/fruit (Balasundram et al., 2006; Gil et al., 2002).  Whereas, 

pomegranate peels had ten times higher polyphenol content than present in fruit (Li et al., 2006). 

Apple pomace accounts for 25-35% of the fruit during processing for apple juice and is 

an abundant source of phenolic compounds, dietary fibre and minerals (Schieber et al., 2003; 

Sudha et al., 2007). Majority of the phenolic compounds in apple are present in apple pomace 

with only a minor fraction is extracted in apple juice. Polyphenols present in apple pomace 

include hydroxycinnamic acids, quercetin glycosides, catechins, phloretin glycosides and 

procyanidins (Cetkovic et al., 2008; Dineiro-Garcia et al., 2009). Total phenolic content in “Uba” 

mango pulp, seed and peel was studied by Ribeiro et al. (2008). They reported that peels and 

seeds of Uba mango had 4.6 and 7.3 time higher polyphenols than the pulp. When compared 

with apple peel phenolic compounds, Uba mango peel contained 3.3 times more phenolic content 

than in apple peel. During a study on methanolic extracts of thirteen citrus species peels and 

tissues to evaluate total polyphenol content and antioxidant activity, it was noted that total 

polyphenols ranged from 66.5 to 396.8 mg GAE/g extract while total flavonoids ranged from 

0.30 to 31.10 mg QE/g (Ghasemi et al., 2009). In another study, Seven fruits and vegetables 

peels i.e. Mangifera indica L., Ananas comosus Merr., Solanum tuberosum L, Moringa oleifera 

L.,  Lagenaria siceraria, Momordica charantia L., and Luffa acutangula L., were investigated 

for their polyphenol content and antioxidant activity. It was concluded that Mangifera indica L. 

peels had the highest polyphenols (490.64 mg/g) with good antioxidant activity and may be 

considered as a potential source of health protective bio-active compounds for the preparation of 

functional foods and nutraceuticals (Kalpna et al., 2011). Gorinstein et al. (2011) reported the 

potential utilization of various bioactive compounds extracted from tropical exotic fruits like 

mango, pineapple, papaya by-products as neutraceuticals. Similarly, Samonte et al. (2013) 

investigated the peels of Philippine fruits carabao mango, plantain banana, calamansi and 

soursop for total polyphenols, antioxidant activity and dietary fiber. It was observed that peels of 

carabao mango and soursop had comparatively higher total phenolic content, flavonoids, 

anthocyanidins as well as antioxidant activity and could be utilized as prospective functional 

food ingredient.  
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Citrus sinensis, Malus sylvestris, Psidium guajava and Mangifera indica peels were 

analyzed for total polyphenols, total flavonoids, their antioxidant potential and antibacterial 

activity.  It was observed that Mangifera indica peels had the highest total polyphenols and total 

flavonoids i.e. 480.11 mg GAE/g and 50.37 mg QE/g respectively. Mangifera indica peels were 

recommended as good source of phenolic compounds and the potential to be utilized as 

ingredient in nutraceuticals and functional foods (Abdullah et al., 2012). 

Yasoubi et al. (2007) evaluated the Polyphenol content of pomegranate peel extracted by 

solvent and ultrasound-assisted methods with five solvents i.e. methanol, ethanol, ethyl acetate, 

acetone and water. Highest phenolic compounds were recorded in acetone extract of 

pomegranate peels by ultrasound-assisted extraction. Similarly, various solvents were employed 

at different extraction conditions for the estimation of pomegranate peels total polyphenols by 

Wang et al. (2011). They reported that ethyl acetate extraction lead to highest polyphenols 

content from pomegranate peels. During a related study, pomegranate peels, leaves, flowers and 

seeds were assessed for their polypenol content by Elfallah et al. (2012). It was observed that 

methanolic extract of pomegranate peels had higher polyphenols (85.60 ± 4.87 mg/g dry weight), 

whereas seeds contained lowest (11.84± 1.92 mg/g dry weight) total polyphenol content. 

2.3.4. Bioavailability of polyphenols  

Bioavailability refers to the fraction of an ingested nutrient that upon reaching specific 

sites in the body exert its biological action. It is the estimation of the ingested quantity of 

nutrients/ polyphenols capable of exerting beneficial effects in target areas/tissues (Porrini & 

Riso, 2008). Therefore, it is more significant to know about the bioavailability profile of 

polyphenols than the quantity of phenolic compounds present in specific foods. The beneficial 

effects of polyphenols within the body depend on their absorption as well as metabolism (D‟ 

Archivio et al., 2010; Parr & Bolwell, 2000).   

 Various factors may affect the polyphenol content in plant and subsequently their 

bioavailality in humans. There may be external factors like exposure to sunlight, rainfall, degree 

of ripeness etc. During ripening, there is decrease in phenolic acid concentration while 

anthocyanins concentration increase (Gomez-Rico et al., 2006; Manach et al., 2004). Generally, 

processing and method of culinary preparations have a significant effect on phenolic compounds 

content, also influencing the bioavailability of polyphenols (Baiano et al., 2009; Ferracane et al., 

2008; Xu et al., 2009). During a study on cherry tomatoes Bugianesi et al. (2004) observed that 
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as compared to fresh tomatoes, the intake of cooked tomatoes lead to a significant elevation in 

plasma levels of phenolic compounds chlorogenic acid and naringenin.  

Different researchers reported the effect of interaction between phenolic compounds and 

other food components like proteins, fats, carbohydrates, fibre, alcohol on the absorption and 

bioavailability of polyphenols in the body (Donovan et al., 2002; Lesser et al., 2004; Visioli       

et al., 2003). During a study on evaluating the effect of matrix sugar content on bioavailability of 

reveratrol, Meng et al. (2004) observed the lower bioavailability of reveratrol glycosides in grape 

juice as compared to pure aglycones. Similarly, Tamura et al. (2007) studied the effect of dietary 

fiber on quercetin bioavailability and concluded that pectin might enhance quercetin 

bioavailability by changing gut physiological function or metabolic activity of intestinal flora. In 

a related study, Perez-Jimenez et al. (2009) reported that phenolic compounds associated with 

dietary fiber are partially bioavailable in humans as dietary fiber may hinder the absorption.  

Mostly, phenolic compound occur in the form of glycosides, esters or polymers that are 

not absorbed in their native form. Their absorption requires a hydrolysis by intestinal enzymes or 

by colonic microflora. During absorption process, phenolic compounds are conjugated in the 

small intestine and the liver (Felgines et al., 2005). The conjugation includes glucuronidation, 

methylation and sulfation characterizes a metabolic detoxification process generally in most 

xenobiotic compounds that reduces their potential toxic effects and facilitates their urinary and 

biliary elimination by enhancing their hydrophilicity (D‟Archivio et al., 2010). Similarly, Mullen 

et al. (2006) reported that during absorption, a single phenolic compound usually produces two 

to three metabolites   with the exception of quercetin glycosides that generate about twenty 

metabolites. Manach et al. (2005) stated that generally isoflavones and gallic acid have 

comparatively higher bioavailability followed by catechins, flavonones, quercetin glucosides 

while the least absorbed polyphenols are proanthocyanidins, galloylated tea catechins, 

anthocyanins and after ingestion most of the phenolic compounds are excreted within 24 hour. 

However, Mullen et al. (2010) observed that polyphenols could be detected in plasma and urine 

after ingestion of polyphenol rich juice drink. 

2.3.5. Sample preparation for phenolics extraction 

Sample preparation lays the basis for the appropriate extraction and analysis of 

polyphenols from plant foods and beverages. Selection of the suitable sample preparation 

technique depends on sample matrix as well as polyphenols chemical properties such as number 

of hydroxyl groups, aromatic rings, polarity and concentration of different flavonoids, phenolic 
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acids, anthocyanins and proanthocyanins. Also, complexes with carbohydrates, proteins or other 

compounds hamper the complete extraction of polyphenols (Khoddami et al., 2013). To avoid 

polyphenols degradation, samples are generally dried by either oven or air-dried, lyophilized, 

frozen prior to extraction since high moisture content leads to enzyme activities. Exposure to 

light and heating at high temperature may lead to polyphenol degradation (Tsao, 2010).  Sejali 

and Anuar (2011) reported that maximum polyphenols could be extracted in case of shade air-

dried samples as compared to oven-dried samples. Abascal et al. (2005) observed that freeze-

dried plant samples retain comparatively higher phenolic compounds than air-drying. 

Generally, solid samples are dried, milled or ground to fine powder of certain particle 

size while liquid samples are subjected to filtration, centrifugation and purification. Maximum 

extraction yield of polyphenols may be attained through milling of sample into fine particles that 

enhances the enzyme activity and rate of extraction (Giao et al., 2009). Finer particle size 

increases the extraction rate by reducing the diffusion distance of solute within the sample and 

increasing the concentration gradient. The extraction time is also reduced due to shorter path of 

solute to reach the surface (Wang et al., 2011). The elimination or reduction of interfering 

substances such as fats, waxes, chlorophylls and terpenes from sample matrices is the ultimate 

target of sample preparation (Luthria, 2008). In case of high lipid content samples, defatting 

processes are applied to separate oil from samples. Weidner et al. (2012) utilized hexane for 

defatting grape seed milled samples prior to extraction of phenolic compounds.  

2.3.6. Extraction of phenolic compounds 

Solid-liquid and liquid-liquid extraction are the widely used methods in plant materials 

due to their high efficiency, ease of use and wide application. Methanol, ethanol, acetone and 

ethyl acetate are the common extraction solvents but due to incomplete extraction of very polar 

phenolic acids with pure organic solvents, mixtures of methanol-water, ethanol-water or acetone-

water are generally employed (Djeridane et al., 2006; Dukic et al., 2008; Garcia-Salas et al., 

2010; Potchoo et al., 2008). In case of extraction of non-polar substances such as sterols, waxes, 

chlorophyll, oils from plant material, less polar solvents i.e. hexane, dichloromethane, benzene, 

chloroform are generally used. Different affinities of phenolic compounds for solvents and 

specifically to the polarity of solvent molecules are the cause of variation (Hayouni et al., 2007). 

Temperature and time significantly affect the rate of polyphenols extraction from plants 

(Me et al., 2007). Though elevated temperature and increasing extraction time lead to enhanced 

solubility of analyte but it may cause phenolic compounds degradation and other undesirable 
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reactions like enzymatic oxidation (Davidov-Pardo et al., 2011; Biesaga & Pyrzynska, 2013). Al-

Farsi and Lee (2008) studied the effect of solvent to sample ratio and number of replicate 

extraction for each sample on the yield of phenolic compounds. They concluded that solvent to 

sample ratio of 60:1 in a two-stage process is adequate for extraction of maximum polyphenols.  

Various extraction techniques like maceration (Sharififar et al., 2009), reflux and soxhlet 

may be employed for polyphenolic extract preparation (Bhalodi et al., 2008; Jayakumar et al., 

2009; Rohman et al., 2010; Vaidya et al., 2008). However, with the advancement of technology, 

recent extraction techniques, extraction rate and efficiency improve speed significantly from     

6-24 hr (Soxhlet) to 10-45 minutes (Supercritical Fluid Extraction), or less than 30 minutes for 

pressurized liquid extraction, ultrasound assisted and microwave assisted extraction by the 

application of supercritical fluids like CO2 or organic solvents at elevated pressure and 

temperature. The extraction process efficiency improves more than 60 % with reduced 

consumption of large amounts of organic solvents (Rafeal et al., 2008; Sticher, 2008). 

For the extraction of polyphenols from citrus peels, different extraction methods have 

been reported such as solvent extraction (Anagnostopoulou et al., 2006; Rehman, 2006; Xu             

et al., 2007), resin-based extraction (Kim et al., 2007), electron beam and gamma irradiation 

based extraction (Kim et al., 2008) and hot water extraction (Xu et al., 2008). But                                                                 

these extraction methods have the drawback that they lead to degradation of target compounds 

due to long extraction times, elevated temperature, or health hazardous effects such as vomiting, 

fever, damage to internal organs and may cause cancer in case of irradiation.  However, 

environment friendly techniques like ultrasound assisted extraction are becoming more common 

for the extraction of polyphenols due to high reproducibility in less time, reduced consumption 

of solvent, lower temperature and energy input (Chemat et al., 2008). During a study, Khodammi 

et al. (2013) reviewed modern extraction and analytical techniques for isolation and purification 

of phenolic compounds from plant sources. They compared different chromatographic and 

spectrophotometric techniques for the identification and quantification of phnolic compounds 

and urged the methods to be environmental friendly, simple as well as comprehensive. 

Five citrus peels i.e. mandarin, orange, grapefruit, Meyer lemon and Yen Ben lemon were 

extracted by either aqueous ethanol or aqueous methanol at different temperatures and studied 

for total polyphenol content. It was observed that 72% ethanol had the highest extraction yield at 

80
°
C with grapefruit had the highest polyphenols and antioxidant activity followed by mandarin 

(Li et al., 2006). Solvent extraction is the frequently used technique to obtain phenolic 
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compounds from mango wastes with ethanol and methanol are the common solvents utilized 

either absolute or in combination with water at different ratios (Barreto et al., 2008). Similarly, in 

another study on extraction of polyphenols from aerial parts of Potentilla astrosanguinea, 

Kalpana et al. (2008) observed maximum extraction with 50% ethanol than absolute ethanol or 

even 50% aqueous acetone and methanol. On the contrary, Casazza et al. (2010) extracted 

phenolic compounds from Vitis vinifera wastes by employing various solvents and it was 

concluded that highest phenolic compounds were extracted when absolute methanol was used. 

Koffi et al. (2010) investigated different solvents such as ethanol, methanol, acetone and water 

for total polyphenols extraction from Ivorian plants fruits, leaves, stems and roots. They 

observed that ethanol had better extraction and the most efficient solvent as compared to 

methanol, acetone or water. In a related study, effect of different solvents i.e. ethanol, methanol, 

acetone, water, and their aqueous concentrations (1:1) on the extraction efficiency phenolic 

compounds from mango peels and seeds were investigated by Dorta et al. (2012). They 

concluded that solvent methanol extracted the maximum amount of phenolic compounds. 

However, from the standpoint of food safety, absolute or aqueous ethanol was recommended for 

extraction of phenolics.  

Ultrasound-assisted extraction (UAE) involves high frequency, high intensity sound 

waves application and interaction with sample materials. Ultrasonic bath or ultrasonic probe 

system is utilized for the extraction of bioactive compounds. It can be employed on small as well 

as large scale (Dai & Mumper, 2010). During a study, Wang et al. (2008a) utilized UAE for the 

extraction of polyphenols from wheat bran at optimized conditions 64% ethanol, 25 minutes and 

60°C for extraction solvent, time and temperature, respectively. Important bioactive compounds 

from grape seeds were extracted by Ghafoor et al. (2009) through ultrasound-assisted extraction 

and reported that extraction parameters particularly temperature and time have significant role on 

the extraction of total polyphenols. Similarly, Virot et al. (2010) employed UAE for the 

extraction of phenolic compounds from apple pomace at optimized conditions 50% ethanol,     

45 °C and sample to solvent ratio 15%, w/v and compared with conventional extraction.  It was 

reported that for in case of UAE, total polyphenols yield was 20% more than the yield obtained 

through conventional extraction. During a study on orange peel polyphenols, Khan et al. (2010) 

compared conventional solvent extraction process with ultrasound-assisted extraction utilizing 

80% ethanol solvent.  Significantly high extraction yield and polyphenols flavanone 

concentration at ultrasound frequency 25 kHz and 15 minutes treatment time was observed as 
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compared to conventional extraction at 40 °C for 60 minutes. Likewise, Pan et al. (2011) studied 

pomegranate peel polyphenols and reported that  for the extraction of bioactive compounds, 20 

to 100 kHz ultrasonic radiations was effective and could be efficiently utilized due to high 

reproducibility, low energy and solvent consumption, low temperature employed and thus lower 

loss of phenolic compounds. 

Ultrasound-assisted extraction of phenolic compounds from Jatoba bark was carried out 

at 50 
°
C for 40 min by using 20 and 60 W and results were compared with agitation extraction 

(conventional). Ultrasound-assisted extraction had about 15% more polyphenols and higher 

antioxidant potential than conventional agitation extraction (Veggi et al., 2013).  Similarly, 

Quiroz-Reyes et al. (2013) estimated phenolic compounds by ultrasound-assisted extraction and 

maceration technique from cocoa extracts and their antioxidant activity was determined by 

FRAP and DPPH assays. It was observed that ultrasound-assisted extraction from cocoa 

cotyledon and husk had comparatively higher phenolic compounds and antioxidant activity than 

maceration. Bimakr et al. (2013) applied ultrasound assisted extraction (UAE) method and 

conventional Soxhlet for bioactive compounds extraction from winter melon seeds. UAE kinetics 

studied were amplitude effect (25-75%), temperature (40-60 °C) and time (20-60 min) on 

extraction yield and antioxidant potential. They observed that 75% amplitude, 55 °C and 40 min 

time was optimum for extraction. The extraction yield of UAE was 38-86% to that obtained by 

soxhlet extraction. However, the radical scavenging activity of UAE was significantly higher 

than soxhlet extraction with the added advantage of rapid extraction at low temperature without 

the loss of volatile compounds. Likewise, natural antioxidants from flowers of Jatropha 

integerrima were extracted through ultrasound-assisted extraction technique by Xu et al. (2016). 

The optimized extraction conditions were 59.6% ethanol concentration, 50:1 solvent/sample 

concentration, 40 °C ultrasound irradiation temperature and 7 minute ultrasound time. Though 

operated at low temperature for short time, flower extracts antioxidant activities in case of 

ultrasound assisted extraction method was higher as compared to conventional maceration and 

soxhlet extraction methods which indicated ultrasound-assisted extraction as an efficient method 

for natural antioxidants extraction from plants. 
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2.3.7. Quantification of phenolic compounds 

2.3.7.1. Spectrophotometric assays 

 Folin-Ciocalteau and Folin-Denis spectrophotometric assays are widely used for the 

determination of total polyphenol content in plant materials (Lapornik et al., 2005; Naczk & 

Shahidi, 2006). Folin-Ciocalteau as well as Folin-Denis reagent   contain phosphotungstate and 

phosphomolybdate which by the reduction of phenolic compounds form blue colour complex in 

alkaline solution and total polyphenols are quantified by measuring absorbance around 

760nm(Khoddami et al., 2013). Singleton and Rossi (1965) developed Folin-Ciocalteau method 

which was further improved by various scientists (Porter et al., 1986; Singleton et al., 1999; 

Slinkard & Singleton, 1977).  

 Fernandes et al. (2012) reported that quantification of total polyphenols, total flavonoids 

and proanthocyanidins could be carried out through colorimetric methods. Ethanolic or 

methanolic extracts of plant materials mixed with aluminum chloride extracts lead to estimation 

of total flavonoids at 410-423 nm. However, Ignat et al. (2011) observed that colorimetric 

determination of phenolic compounds though economical and simple, yet only provide phenolics 

concentration above certain level but could not quantify them individually. 

2.3.7.2. HPLC analysis of polyphenols 

High performance liquid chromatography is the most frequently used chromatographic 

technique for the quantification and isolation of individual phenolic compounds.  Sample 

preparation is a critical step in the HPLC quantification of phenolics. Generally, HPLC detection 

and identification is based on the purification of phenolic compounds from crude extracts. The 

purification involves removal of interfering compounds from crude plant extract through open 

column chromatography, solid phase extraction cartridges, 0.45 micron meter cellulose acetate 

syringe filters, polyvinylidene difluoride syringe filters, Sephadex LH-20, acrylic resins(Brown 

et al., 2011; Jahan, 2011; Michalkiewicz et al., 2008; Silva et al., 2007;Solomon et al., 2006).  

Based on the polarity, different classes of phenolic compounds can be identified by either 

normal phase or reversed phase C18 column with variable dimensions 10-30 cm length, 3.9-4.6 

internal diameter and particle size 3-10 µm (Lopes-Lutz et al., 2010).  Methanol and acetonitrile  

mobile phases along with aqueous acidified mostly acetic acid to maintain pH in 2-4 range are 

frequently used as solvent A and B for elution systems. Generally, UV-visible detectors are 

utilized for the detection of phenolic compounds (Chunsriimyatav et al., 2009; Lee et al., 2008; 

Zarena & Sankar, 2011). 
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 Robbins (2003) reported that gradient elution system is generally preferred over isocratic 

system. Mostly, HPLC analyses are carried out at ambient column temperature or slightly higher 

temperature between 30 and 40 ºC. However, Kalili and de Villiers (2009) applied 50 ºC 

temperature for 22.5 minutes for the identification of phenolic compounds in apples and cocoa. 

Significant numbers of studies have been published on the utilization of HPLC 

techniques for the quantification of phenolic compounds from fruits, vegetables and medicinal 

plants. Phenolic compounds in mango peel was studied and quantified through HPLC by 

Berardini et al. (2005). Mangiferin, quercetin, kaempferol, rhametin and their conjugates were 

the polyphenols identified. Mangiferin was the most abundant phenolic compound followed by 

quercetin 3-O-galactoside in mango peels. Luo et al. (2012) quantified the magniferin content in 

11 Chinese mango cultivars pulp, peel and seed kernel. They observed that mango peel had 

higher mangiferin content than mango pulp and seed kernel. Similarly, Peels of Mangifera 

indica, Citrus sinensis, Malus sylvestris and Psidium guajava were quantified for phenolic 

compounds through HPLC and compared by Zulkifli et al. (2012). It was noted that all fruit peels 

had significantly higher concentration of phenolic acids especially gallic and chlorogenic acid 

along with flavonoids myrecetin, quercetin, kaempferol. They concluded that peels of Mangifera 

indica and Citrus sinensis had highest phenolic compounds and antioxidant activity.  

 Hayat et al. (2009) quantified five phenolic acids in mandarin (Citrus reticulata) peels 

through HPLC and reported ferulic acid being the most abundant of all phenolic acids studied. 

However, total phenolic acids quantified were almost similar in concentration either extracted by 

microwave assisted or by ultrasound assisted extraction. In another study, citrus peels of three 

varieties sweet orange (Citrus sinensis), oneco tangerine (Citrus reticulata) and lime (Citrus 

lactifolia) were analyzed for composition of flavonoid by using HPLC/MS. It was reported that 

orange peels contain hesperidin, nobiletin, neohesperidin as well as tangeritin and regarded it the 

highly complex source However, tangerine peel had only neohesperidin and hesperidin, thus 

being the simplest source of flavonoids (Londono et al., 2010). Similarly, Tumbas et al. (2010) 

quantified the flavonoids in mandarin peel extract by HPLC and observed that hesperidin was the 

most abundant flavonoid. 

Characterization of Amazon grape peel and pulp was carried out by Lopes-Lutz              

et al.(2010). Flavonols, chlorogenic acid and anthocyanins were identified mostly in peel as 

compared to pulp. The phenolic compounds quantified in Amazon grape peel and pulp were 

rutin, quercetin glycosides, catechins, epicatchins, chlorogenic acid and anthocyanins cyanidin, 
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delphinidin, pelargonidin, malvidin, peonidin, petunidin glucosides. Rutin was the dominant 

flavonol detected in Amazon grape. Scheiber et al. (2000) identified five quercetin, one 

kaempferol and magniferin glycosides in mango puree concentrate. As regards phenolic acids, 

gallic acid was the pre-dominant. Similarly, Thai mango, orange, guava and banana soluble and 

insoluble phenolic acids were quantified through isocratic HPLC-UV method. In all fruit 

samples, insoluble phenolic acids were the predominant compounds. Gallic acid was the major 

insoluble phenolic acid in mango extracts while ferulic acid was dominant in orange and banana 

extracts (Ongphimai et al., 2013). During a related study, Hussain et al. (2013) quantified 

phenolic acids and flavonoids in Citrullus colocynthis leaves, fruits and leaves by reverse phase 

HPLC method. They reported that gallic acid, p-coumaric acid, chlorogenic acid, vanillic acid, p-

hydroxybenzoic acid and ferulic acid as the main phenolic acids identified whereas the dominant 

flavonoids were quercetin, myricetin and catechin. 

2.3.8. Bioactivities of phenolic compounds 

Polyphenols are plants secondary metabolites that have been reported to produce positive 

biological effects such as antioxidant, cardio-protective, anti-carcinogenic, anti-aging, anti-

infectious and immuno- modulatory etc. (Kumar et al., 2007; Pandey & Rizvi, 2009). 

2.3.8.1. Polyphenols as antioxidants 

Polyphenols are considered strong antioxidants due to their ability to donate an electron 

or hydrogen atom thereby neutralizing free radicals. They reduce the rate of oxidation by 

suppressing the formation of free radicals or deactivating the precursors of free radicals (Tsao, 

2010). 

2.3.8.1.1. Antioxidant mechanism of polyphenols 

Hydrogen atom transfer (HAT) and single electron transfer (SET) are the two antioxidant 

mechanisms for the deactivation of free radicals (Prior et al., 2005). Hydrogen atom transfer 

based methods detect the phenolics ability to quench free radicals through donation of hydrogen. 

  X· + AH → XH + A· 

 HAT reactions are pH and solvent independent with quick reaction time, generally 

completed in seconds to few minutes. However, presence of reducing agents such as metals may 

lead to erroneous results (Prior et al., 2005). 

SET-based mechanisms measure the phenolics ability to transfer an electron in order to 

reduce a compound like radicals, metals and carbonyls (Wright et al., 2001).  
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X
· 

+ AH → X
ˉ
 + AH

·+ 

                        AH
·+  A· 

+ H3O
+ 

  X– + H3O+  → XH + H2O 

                       M (III) + AH→ AH+ + M (II) 

Generally, HAT and SET reaction mechanisms occur simultaneously and their balance is 

determined by pH and antioxidant structure. SET reactions are pH dependent since their 

reactivity is based on reactive functional group ionization potential and deprotonation (Lemanska 

et al., 2001).  

Prior et al. (2005) reported that SET reactions are quite sensitive to uric acid and ascorbic 

acid, they are slow and long times are required for completion. Higher variability and poor 

consistency of results was also reported due to interference with metals and trace components. 

Antioxidant potential determination methods based on HAT mechanism include oxygen 

radical absorbance capacity (ORAC) and total radical trapping antioxidant parameter (TRAP). 

Ou et al. (2005) observed that ORAC assay can be adapted to measure both hydrophobic and 

hydrophilic antioxidants by changing the solvent and the radical source. 

SET-based mechanism measures the antioxidant capacity during the reduction of oxidant 

which at reduction changes colour. The degree of change in colour is directly related with the 

antioxidant concentration in the sample (Melendez et al., 2014). Trolox equivalent antioxidant 

capacity, Folin-Ciocalteu reagent, ferric reducing antioxidant power (FRAP), 2, 2-Diphenyl-1-

picrylhydrazyl (DPPH) assay were classified as SET methodologies (Huang et al., 2005). Ferric 

reducing antioxidant power assay was initially developed to determine reducing power in plasma 

but subsequently has been utilized for antioxidants assay in plants (Pellegrini et al., 2003). The 

reaction determines the ferric 2, 4, 6-tripyridyl-triazine (TPTZ) reduction to a coloured complex. 

However, proteins and thiols like glutathione that act by hydrogen transfer (radical quenching) 

may not be determined by FRAP assay (Ou et al., 2002). Similarly, Pulido et al. (2000) studied 

the FRAP assay of phenolic compounds in water and methanol. They observed that the 

absorption gradually increased for phenolic compounds such as ferulic acid, caffeic acid, tannic 

acid, quercetin with time and concluded that complete reaction could not be determined by a 

single-point absorption endpoint.   
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Jimenez et al.(2004) reported that 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay though 

classified as SET reaction may utilize both SET and HAT mechanisms by electron transfer or 

through hydrogen atom transfer. The DPPH assay is based on the determination of antioxidants 

reducing ability towards DPPH by measuring the decrease in absorbance. 

Cetkovic et al. (2007) observed that phenolic compounds exhibit their antioxidant activity 

by free radical scavenging via phenols hydroxyl group. In order to reduce reactive species, 

generally polyphenols donate their hydrogen atom and itself converted into phenoxy radical 

(ArO
·
) which due to declocalization of unpaired electron over aromatic ring have resonance 

stability and futher more converted into quinones. Further oxidation reactions are inhibited by 

phenoxy radical (ArO
·
) intermediates.  

ROO
· 
+ ArOH → ROOH + ArO

·
 

 HO
·
 + ArOH → HOH + ArO

· 

Polyphenols act synergistically with other antioxidants as co-antioxidant, are involved in 

the regeneration of vitamins like C and E (Zhou et al., 2005). They also exhibit antioxidant 

properties by function as chelators of metal ions especially transition metals like Fe
2+ 

chelation 

may decrease the rate of Fenton reaction that lead to prevention of oxidation caused by reactive 

hydroxyl radicals(Guo et al., 2009; Perron & Brumaghim, 2009). 

2.3.8.1.2. Determination of antioxidant activities of polyphenols 

 Polyphenols antioxidant activity in vitro generally involves reagents and chemicals to 

generate free radicals so that the radical scavenging ability of antioxidant to be tested may be 

determined. Various methods have been developed for the assessment of polyphenols antioxidant 

activity by free radical scavenging in polar organic solvents. However, FRAP, DPPH, ORAC 

and trolox equivalent antioxidant capacity (TEAC) are commonly employed procedures for 

antioxidant capacity measurement (Perez-Jimenez et al., 2008).  

DPPH technique is considered as the one of the most utilized procedure for the 

determination of antioxidant activity (Bendini et al., 2006). However, it is also the most 

inconsistent technique due to number of variables involved such as sample concentration, type of 

standard, duration of reaction and analysis of results (Melendez et al., 2014). Different 

researchers have manipulated DPPH technique for the analysis of antioxidant activity (Ciesla et 

al., 2012; Locatelli et al., 2009; Szabo et al., 2007). Methanol and ethanol are the most 
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commonly used solvents for DPPH radical scavenging activity. Methanol as solvent is utilized 

by Kamkar et al. (2010); Lachman et al. (2008); Perez-Jimenez et al. (2008); Qian and 

Nihorimbere (2004); Tabart et al. (2009), whereas ethanol as solvent is used by Asghar and 

Masood(2008); Othman et al. (2007); Stoilova et al. (2005). Similarly, Marinova and Batchvarov 

(2011) reported that accuracy of free radical scavenging activity measaurement depends on the 

type of solvent as well as sample/reagent DPPH volume ratio. After reviewing various 

techniques for determination of free radical scavenging activity, they developed a method for 

free radical scavenging activity determination of beverages and beer with DPPH.  

 The antioxidant potential of peels and seeds of apples, plums, gooseberry, lemon, orange, 

grapefruit, melon, watermelon, grapes and kiwi fruit was estimated by Duda-Chodak and Tarko 

(2007). They reported that fruit peels had higher ability to scavenge free radicals than seeds and 

might be considered as a potential source of antioxidants.Vaidya et al. (2008) stated that 

reduction of nitroblue tetrazolium (NBT) is a significant technique to assess the superoxide 

radical scavenging activity. Oxidation of hydroxylamine leads to the formation of superoxide 

radical. Nitroblue tetrazolium is reduced by superoxide anion and may be measured 

colorimetrically at 560 nm. In a related study, Ghasemi et al. (2009) investigated the antioxidant 

activity of thirteen commercially available citrus spp. peels and tissues. The peels had higher 

antioxidant activity than edible parts. Highest antioxidant activity was assessed through DPPH 

radical scavenging assay in peels of Citrus reticulate var. Ponkan. No correlation was observed 

between total phenols content and antioxidant activity in peels and tissues. However, positive 

correlation between polyphenols content and antioxidant activity for plum and peach fruits was 

earlier reported by Cevallos-Casals et al. (2006). 

Different free radical scavenging assays were applied for the evaluation of antioxidant 

activity of seven fruits and vegetable peels by Kalpna et al. (2011). It was observed that acetone 

extract of mango peel had highest antioxidant activity and could be utilized as natural source of 

antioxidants in food and neutraceutical preparations.  During a study on the antioxidant activity 

determination of peels of four citrus species, Akhtar et al. (2011) reported high antioxidant 

potential especially of lemon and grapefruit peels.  Similarly, Mathur et al. (2011) observed high 

antioxidant activity in ethanolic and aqueous extracts of citrus peels and pulps. Antioxidant 

potential of forty four commonly consumed foods such as fruits, vegetables, cereals, bread and 

pulses were determined by FRAP assay (Zujko & Witkowska, 2011). The antioxidant activity 

ranged: in fruits 0.312-2.833, in vegetables 0.033-3.209, in cereals and breads 0.062-1.709, in 
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pulses 0.342-0.387 mmol/100 g in fresh mass. Likewise, Mohamed et al. (2011) assessed the 

antioxidant activity of guava meals through DPPH free radical scavenging activity and Beta-

carotene bleaching assay. It was noted that 1:15 and 1:20 meal to solvent (80% acetone) 

exhibited higher scavenging activity. Agarwal et al. (2012) assessed the antioxidant potential of 

lemon, cucumber peels and amla edible parts. Results revealed that amla had higher polyphenol 

content and antioxidant activity than lemon and cucumber peels. However, the antioxidant 

activity of lemon and cucumber peels was adequate to be considered as good source of 

antioxidants. 

 Total polyphenols and antioxidant activity of pomegranate peels, seeds, flowers and 

leaves were studied by Elfalleh et al. (2012). Higher antioxidant activities were estimated in 

pomegranate peels and flower extracts. The effective concentration required to inhibit 50% 

DPPH free radical (EC 50) of peel and flower methanolic extract was higher (3.88 ± 0.33 and 

4.55 ± 0.97 µg/ml respectively) than leaves and seed (11.44 ± 1.04 and 21.00 ± 1.07 µg/ml 

respectively). It was concluded that pomegranate waste might be a potential source of 

antioxidant functional foods. In a related study, Deng et al. (2012) investigated the antioxidant 

potential of fifty fruit wastes, i.e. peels and seeds. A wide variation was observed among fruit 

wastes regarding antioxidant activity. However, the antioxidant activity of wastes was more than 

the pulp. It was concluded that fruit wastes especially peels could be readily available and 

inexpensive source of bioactive compounds with high antioxidant activity for use in food and 

pharmaceutical industries. 

 Antioxidant activity of guava, Chakonan mango, Granny Smith apple and Navel orange 

peels through DPPH scavenging activity, ORAC, Beta-carotene bleaching and FRAP assays was 

evaluated by Abdullah et al.(2012). Results revealed that all fruit peels had high antioxidant 

activity; however, mango peels had strongest antioxidant activity as compared to other fruit 

peels. Similarly, Hegazy and Ibrahim (2012) studied the antioxidant activities of orange peel 

extract through different solvents. It was observed that orange peel ethanolic extracts exhibited 

highest antioxidant activity (78.14% DPPH radical scavenging activity) followed by methanolic 

extract antioxidant activity (73.42%). 

 Type of variety and solvent influence the antioxidant activity of mango peel. Mango 

peels of different varieties have good antioxidant potential. Ethanolic extract of mango peel has 

higher antioxidant activity through DPPH radical scavenging and FRAP assays (Imran et al., 

2013).  Antioxidant activity of fruit peels of carabao mango, plantain banana, calamansi and 
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soursop was estimated by Samonte and Trinidad (2013). Carabao mango peels had highest 

polyphenols and antioxidant activity than others. It was concluded that all fruit peels could be 

potential functional food ingredients. 

2.3.8.2. Cardioprotective activity of polyphenols 

 Cardiovascular diseases are one of the leading causes of mortality in developing as well 

as developed and industrialized countries (Kavurma et al., 2005; Velavan et al., 2008). Important 

risk factors for cardiovascular disorders are diabetes mellitus, hypertension, familial 

hypercholesterolemia, cigarette smoking etc. Generally, females are at low risk than males to 

cardiac diseases may be due to productive effect of estrogen (Chitra et al., 2013). The build up of 

plaque inside the arteries is referred as atherosclerosis which is a major cause of cardiovascular 

disorders. Blockage of coronary arteries and blood supply interruption to parts of heart lead to 

death of some heart cells, a condition known as myocardial infarction i.e. damage and death of 

cardiac muscles as well as another codition ischemia which refers to oxygen shortage and 

restriction in blood supply (Jahan, 2011). 

It has been reported that risk of coronary heart diseases could be reduced by regular 

consumption of dietary polyphenols owing to their cardioprotective effects (Tosca & Fernandez, 

2005; Leifert & Abeywardena, 2008). Endothelial dysfunction due to atherosclerosis and arterial 

thrombus formation may be stopped by flavonoids intake which increase the vasorelaxant 

process and arterial pressure reduction (Tapas et al., 2008). Cardiovascular health may be 

improved by dietary polyphenols through the regulation of platelet reactivity which have 

significant role in myocardial infarction venous thromboembolism. Decrease in platelet 

reactivity by polyphenols reduces the probability of blood clotting. Flavonoids such as quercetin, 

myricetin and kaempferol restrict platelet aggregation (Jahan, 2011; Keevil et al., 2000). 

Phenolic compounds from green tea (Miura et al., 2000), grapes (Karthikeyan et al., 2007) and 

nuts (Torabian et al., 2009) have hypocholesterolemic and anti-atherosclerotic effects thus 

provide protection against cardiac diseases. 

Cardioprotective activity of plant polyphenols was assessed in animal models through 

chemically induced myocardial infarction. Various chemical agents had been utilized to induce 

cardiac toxicity. Doxorubicin or Adriamycin is an anthracycline drug used for the treatment of 

various malignancies such as solid tumors, lymphoma and leukemia (Kumar et al., 2012; Shan et 

al., 1996). However, its clinical use is now restricted due to dose-dependent cardiotoxicity 

leading to acute and chronic heart failure (Bryant et al., 2007; Simunek et al., 2009; Singal et al., 
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2000). Doxorubicin-induced cardiotoxicity has been mediated through various mechanisms 

including reactive oxygen species formation, mitochondrial DNA damage, cardiomycyte 

apoptosis, myofibrillar degeneration, inhibition of DNA and protein synthesis (Alyane et al., 

2008; Barry et al., 2007; Cecen et al., 2011; Koti et al., 2009). Injection of 

doxorubicin/adriamycin to animals such as rats leads to various morphological and metabolic 

disorders in cardiac tissues of experimental animals similar to human cardiomyopathy (Pallavi et 

al., 2012). Changes in the activities of antioxidant enzymes catalase, superoxide dismutase, 

glutathione peroxidase and glutathione-s-transferase have been observed in adriamycin-induced 

cardiomyopathy in rats (Rajaprabhu et al., 2007). The level of cardiac enzymes lactate 

dehydrogenase (LDH), creatine kinase-MB fraction (CK-MB), alanine transminase (ALT) and  

aspartate transminase (AST) elevate in serum due to necrosis of myocardial tissues (Gauthaman 

et al., 2006; Upaganlawar et al., 2009). Due to oxidative stress caused by doxorubicin 

administration, level of these cardiac enzymes increase in serum while endogenous antioxidants 

in cardiac tissues decrease and are considered important parameter to investigate the 

cardioprotective potential of plant polyphenols. The effect of different polypenolic extracts on 

cardiac tissues may also be confirmed through histopathological studies (Jahan, 2011). Free 

radical scavengers and intake of exogenous natural antioxidants may enhance the antioxidant 

defense system, thus providing protection to a great extent (Manzoor et al., 2012; Zhang et al., 

2005). These natural compounds include polyphenols, carotenoids, vitamins C and E, selenium, 

coenzyme Q and virgin olive oil (Quiles et al., 2002). 

Isoproterenol, a synthetic beta adregenic agonist is also employed to induce myocardial 

infarction in animal models. Oxidative stress induced by isoproterenol leads to cardiotoxicity 

(Barman et al., 2013; Mohanty et al., 2009; Nandave et al., 2007; Prabhu et al., 2006; Radhika   

et al., 2011). 

Several studies have been reported the cardioprotective potential of plant foods and 

medicinal plants. 

Orange peels possess antioxidants such as flavonoids (naringenin and hesperitin), 

carotenoids, ascorbic acid which altogether contribute to protection against cardiovascular 

disease (Frank et al., 2005). Hesperidin may inhibit low density lipoprotein (LDL) oxidation, 

may increase the activity of antioxidant enzymes superoxide dismutase and catalase (Cirico & 

Omaye, 2006; Tirkey et al., 2005). Pretreatments of rats with hesperidin lead to cardiac tissue 
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protection from cardiotoxic effects of doxorubicin and thus hesperidin may be considered as 

cardio-protective agent (Abdel-Raheem & Abdel-Ghany, 2009). 

The role of green tea extract against doxorubicin-induced cardiotoxicity in rats was 

evaluated by Ayaz et al. (2011). Wistar rats were studied for one month, sacrificed on 31
st
 day, 

CPK and LDH levels were investigated in blood and SOD, GSH, thiobarbituric acid reactive 

substances (TBARS) were analyzed in cardiac tissues. Green tea extract especially at level 200 

mg/kg had a pronounced protective effect against cardiotoxicity with increase in antioxidant 

enzymes level and decrease in lipid peroxidative products. Likewise, Shakya et al. (2011) 

investigated the cardioprotective activity of Qolest on doxorubicin-induced cardiotoxicity in rats. 

The animals were divided into five groups of six in each group. Qolest was pretreated for two 

weeks @ 40mg/kg/oral and 80 mg/kg/oral in two groups alternatively with doxorubicin injection 

for next two weeks with cumulative dose of 15mg/kg body weight. Elevated levels of serum 

biomarker enzymes LDH, CK-MB, CK, ALP, ALT, AST as well as lipid profile such as 

triglycerides, cholesterol were observed in doxorubicin group. Pretreatment with Qolest lowered 

biomarker enzymes and lipid profile towards normal, while the level of antioxidant enzymes 

such as superoxide dismutase (SOD), catalase (CAT) and glutathione (GSH) increased thus 

protected the myocardium from doxorubicin cardiotoxic effects. It was concluded that Qolest 

scavenged the reactive oxygen species and exhibited the cardioprotective effect.  

Pallavi et al. (2012) studied the protective effect of dietary squalene, a folk medicine on 

adriamycin-induced cardiomyopathy in rats. It was noted that squalene dietary supplementation 

at 1.5% for 21 days makedly attenuated adriamycin-induced changes in the levels of 

triglycerides, cholesterol, lipoprotein and free fatty acids in plasma as well as heart tissue. 

Membrane-stabilzing characteristics of dietary squalene supplementation were responsible for 

the cardioprotective effect. In another study, Shendge and Gadge (2012) reported that 

cardiotoxicity induced by doxorubicin administration to Wistar rats was significantly reduced by 

ethanolic extract of Dillenia indica L. and protected the myocardium by decreasing the elevated 

cardiac marker enzymes such as lactate dehydrogenase (LDH), glutamic pyruvic transaminase 

(SGPT), glutamic oxaloacetate transaminase (SGOT) and creatine phosphokinase (CPK) while 

increasing the antioxidant enzymes catalase, superoxide dismutase and glutathione levels. It was 

concluded that owing to its antioxidant properties, Dillenia indica L. may have the 

cardioprotective activity. 
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The cardioprotective characteristics of grapeseed proanthocyanidin seeds were 

investigated against cardiotoxicity caused by Doxorubicin in rats. It was observed that grapeseed  

dose 200 mg/kg body weight for 15 days normalize the serum elevated levels of cardiac enzymes 

lactate dehydrogenase (LDH), creatine phosphokinase (CPK), alanine transaminase (ALT) and  

aspartate transaminase (AST) which suggested its cardioprotective and antioxidant effects 

(Abirami & Kanagavalli, 2013). Citrus hystrix, kaffir lime peel ethanolic extract cardioprotective 

and hepatoprotective effects on serum AST and ALT activity as well as cardio-hepato-

histopathology of female rats  was assessed by Putri et al. (2013). It was observed that 

cardiohistopathology profile of doxorubicin-induced cardiotoxicity could be repaired by kaffir 

peel extract and thus regarded as cardioprotective agent. Similarly, Lakshmi et al. (2014) 

investigated the protective effect Vitis vinifera, black grapes against doxorubicin-induced 

oxidative stress in albino rats. Six groups were formed each containg six animals and study was 

carried out for 30 days. Doxorubicin was admistered as single dose @15 mg/kg on 28
th

 day. 

Black grapes extract (Vitis vinifera) was given to animals @ 100, 200, 400 mg/kg body weight. 

Pre-treatment of Vitis vinifera to albino rats ameliorated the doxorubicin-induced cardiotoxic 

effects and protected the myocardium by elevating the antioxidant enzymes and decreasing 

cardiac biomarkers which confirmed Vitis vinifera cardioprotective properties. 

 Different researchers reported the cardioprotective of polyphenols in fruits and medicinal 

plants few examples are; Pomegranate fruit (Patel et al., 2008), Silymarin (Cecen et al., 2011), 

Phyllantus niuri (Thippeswamy et al., 2011), Caffeic acid (Mohammad et al., 2013), resveratrol 

(Osman et al., 2013). 

2.3.8.3. Antimicrobial activity of polyphenols 

 Plants generate a variety of secondary metabolites as in their defense system during 

growth. These secondary metabolites or phytochemicals have strong inhibitory activity against 

microorganisms such as bacteria and fungi (Anwar et al., 2009; Nascimento et al., 2000). 

Bacterial as well as fungal infections pose a big threat for the mankind and indiscriminate use of 

antimicrobial drugs has caused resistance in microbes. Due to least antibiotic related side effects 

and better activity against drug resistant strains, researchers have focused their attention towards 

phytochemicals (Cock, 2008; Khan et al., 2009). Phytochemicals abundant in plants include 

phenolic acids, flavonoids, tannins and alkaloids. 

 Polyphenols toxicity to microorganisms is related to the number and site of hydroxyl 

groups on phenols with phenols possessing more hydroxyl groups have greater inhibitory effect 
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(Cowan, 1999). Antimicrobial agents include simple phenols like caffeic acid (Bowles & Miller, 

2006), gallic acid, chlorogenic acid, cinnamic acid, benzoic acid, pyrogallol, catechol (Noriaki et 

al., 2005). During a study on sweet potato, Harrison et al. (2003) observed the inhibition of 

pathogenic fungi growth by high caffeic acid content. Similarly, Pereira et al. (2007) investigated 

the antibacterial and antifungal activity of phenolic comounds in olive leaves and reorted high 

nutraceutical potential of phenolic acids.  

 Different researchers have reported the antimicrobial potential of polyphenols such as; 

coffee (Amelia et al., 2006), Apple (Alberto, 2006), rosemerry (Moreno et al., 2006), tea 

(Turkmen et al., 2007), coco, coffee, tea (Ferrazano et al., 2009), honey (Atrott & Helne, 2009), 

guava (Barbalho et al., 2012). The major polyphenol of mango is magniferin which exhibits high 

antimicrobial activity against bacterial and fungal strains (Stoilova et al., 2005). The relationship 

between antioxidant and antimicrobial activity have been reported by Hamid et al. (2009), Reddy 

et al. (2006), Wang et al. (2008b). 

 Flavonoids are regarded as broad spectrum antimicrobial agents. Catechin in tea inhibits 

microbial growth especially fungal strains Candida albicans (Hirasawa & Takada, 2004) while 

quercetin extracted from lotus leaves exerts inhibitory activity against bacterial strains (Li & Xu, 

2008). Different flavonoids have a synergic effect with other flavonoids and conventional 

antibacterials (Alvarez et al., 2008). As regards antimicrobial activity of tannins, Burapadaja and 

Bunchoo (1995) isolated five tannins from Terminalia citrina fruit and determined their 

inhibitory activity on microbial strains whereas Funatogawa et al. (2004) reported the potential 

of hydrolysable tannins as secure therapeutic agent against helicobacter pylori bacterial 

infections. 

 Agro-industrial wastes were studied for their potential antimicrobial activity by different 

researchers such as; lemon peels (Mahmud et al., 2009), pomegranate peels (Al-Zoreky, 2009), 

grape marcs (Katalinic et al., 2010) and grape seeds (Adamez et al., 2012). 

Mathur et al. (2011) evaluated the antimicrobial activity of peel and pulp of citrus fruits. 

Significant antimicrobial activity was observed in aqueous extracts from citrus peel and pulp. 

Shaddock peel aqeous extract exhibited higer antimicrobial activity against Staphylococcus 

aureus than kinnow and orange aqeous peel extract. Similarly, Mohamed et al. (2011) studied 

the antimicrobial properties of Egyptian guava seed extracts. Guava meal extracts were analyzed 

for their antimicrobial potential against bacterial strains Staphylococcus aureus, Bacillus cereus, 

E. coli, Salmonella typhimurium and Listeria monocytogenes. It was observed that various 
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bacterial strains demonstrated different sensitivities towards phenolic compounds. Highest zone 

of inhibition was noted in guava meal isopropanol extract against Listeria monocytogenes, 

Bacillus cereus and E. coli. 

 Khammuang and Sarnthima (2011) investigated the antibacterial activities of different 

varieties of Thai mango seed extract. Antibacterial activity was recorded by all mango seed 

extracts against gram positive and gram negative bacteria especially Psedomonas aeruginosa 

was inhibited by all extracts. It was suggested that Thai mango seed extracts could be utilized as 

potential source of antibacterial agents. During a related study, Abdullah et al. (2012) analyzed 

antibacterial activity of selected fruit peels and noted that mango peels showed antibacterial 

inhibitor against both Gram-positive and Gram-negative bacteria.   

 Agro-industrial wastes antimicrobial potential was investigated by Martin et al. (2012). 

Petit Verdot grape seed and marc, Pinot Noir grape marc, red grapes fermentation lees, guava 

begasse, beet stalk and peanut peel revealed antimicrobial activity against Listeria 

monocytogenes and Staphylococcus aureus with minimum inhibitory concentration ranged from 

0.78 to 25 mg/ml.     

2.4. Fruit bars 

Fruit bars are the confectionery product prepared by mixing sugar, acid, pectin and colour 

at suitable ratio in fruit pulp and drying (Narayana et al., 2007). Due to rapid population growth, 

industrialization and consumers demand for innovations, it has become imperative for food 

processors to develop dehydrated food products with longer shelf life. Preparation of fruit bars, 

leathers, preserves, jam and jellies are significant way of fruits preservation besides providing 

alternate fruits utilization. Mostly commercial fruit bars do not contain fruit pulp and are 

synthetic in nature. Natural fruit pulp based fruit bars are comparatively more organeleptically 

acceptable and nutritious owing to adequate quantities of vitamins, minerals and dietary fibres as 

constituents of fruit bars (Vidya & Narain, 2011). Fruit bars that are prepared by utilizing dried 

fruits, cereals, nuts and processed legumes would be a snack food high in demand for school 

going children and people of working class (Rosa et al., 2003).   

Ahmad et al. (2005) developed fruit bar from blend of ripe papaya and tomato pulp with 

the ratio of 75:25 on weight basis and analyzed the effect of hydrocolloids such as starch, ethyl 

cellulose and pectin on physico-chemical, textural and sensory attributes of fruit bar. It was 

observed that starch + ethyl cellulose @ 1% and starch + pectin @ 1.5% incorporation increased 

texture hardness or compactness significantly. The fruit bars were packed in low-density 
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polyethylene bags and stored for four months at 35–45 °C. Significant changes in ascorbic acid 

and acidity while non-significant changes in colour, aroma and taste of fruit bars were observed 

during storage. Incorporation of starch + ethyl cellulose @ 0.5 and 1% were effective in 

maintaining the bars colour whereas for texture stability, pectin + starch @ 0.5, 1, 1.5%  was 

efficient during storage. 

Narayana et al. (2007) reported that a delicious banana fruit bar could be prepared by 

blending pulp of Karpuravalli banana with 20% sugar, 350 ppm potassium metabisulphite and 

0.5% pectin.  Similarly, Kulshrestha et al. (2008) prepared pineapple fruit bar by applying 

different combinations and optimized by incorporating defatted soy flour 11.20 g, pectin 1.57 g 

and stevia 3.00 g to pineapple pulp 100 g. 

Mango and banana protein fortified bars were prepared by adding roasted Bengal gram 

flour and skim milk powder at   0, 5 and 10% levels.  It was observed that roasted Bengal gram 

flour and skim milk powder @ 5% in mango and banana bars got highest sensory scores. In 

comparison to plain bars, fortified bars higher protein and minerals as well as declared as 

organoleptically superior to plain mango and banana bars in terms of overall acceptability 

(Prasad, 2009). Likewise, Sarojini et al. (2009) investigated the fortification of solar dried mango 

and guava bars. Mango and guava bars were fortified with proteins of soya, peas and whey, 

ascorbic acid, beta-carotene with carrots puree blending and calcium compounds. It was 

observed that whey protein enriched bars though had low protein as compared to soy protein 

enriched mango bar, but the texture of whey protein bar was superior to others. Ascorbic acid 

and calcium fumarate were preferred for mango bar enrichment. As regards sensory scores, 

ascorbic acid fortified mango bars were preferred followed by whey protein and calcium 

fumarate enriched bars. It was concluded that mango bars had the potential and scope in 

domestic and international market. 

Prebiotic compounds inulin and fructo-oligosaccharides were incorporated at different 

proportions during the development of banana and papaya fruit bars by Megala and Hymavathi 

(2011). They reported that banana bars containing 90% fructo-oligosaccharides (liquid) + 10% 

inulin while 90% fructo-oligosaccharides (powder) + 10% inulin was organoleptically 

acceptable. It was concluded that developed banana and papaya bars could be utilized as 

functional fruit bars for all age groups as well as inulin and fructo-oligosaccharides may be 

incorporated to other fruit bars. 
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Nutritious date bars were developed by Nadeem et al. (2012) by protein supplementation 

through vetch protein isolates and whey protein concentrate. Proximate composition analysis of 

date bars revealed that whey protein concentrate and vetch protein isolates supplementation 

significantly increased their nutritional status. Protein level, taste and texture were markedly 

improved by supplementing 4.35% vetch protein isolates and 6.5%  whey protein concentrate in 

date bars without affecting the taste during 90 days storage at room temperature.  

Rehman et al. (2012) developed apricot-date bars by blending roasted gram flour, skim 

milk powder, peanuts, sodium chloride and date paste into four different proportions of dried 

apricot paste. Moisture content was increased significantly with the addition of dried apricots 

which lead to reduction in bars hardness with increased fracturability. In-vitro protein and starch 

digestibility of apricot-date bars was good as well as fair concentration of total polyphenols. 

Total plate count and mold count were in permissible limits which suggested bars might be 

stored for longer periods. It was concluded that due to high nutritional value and good sensory 

characteristics, apricot-date bars might prove better snacks for school going children. 

 Sharma et al. (2013) prepared and standardized wild apricot fruit bar by mixing   60% 

sugar + 0.30% pectin into wild apricot pulp, dried the mixture in a mechanical dehydrator at 55 

±2 °C for 6 hour, cutting dried apricot bar sheets into rectangular shapes and wrapping in 

polyethylene and aluminium laminated pouches for 6 months storage at ambient temperature. It 

was observed that during storage the changes in sensory quality attributes and chemical 

characteristics were minimum in wild apricot bars packed in aluminium laminated pouches than 

those packed in polyethylene pouches. However, the bars could be stored under ambient 

conditions for 6 months. Similarly, nutritious fruit bars containing date paste, cereal grains, nuts, 

roasted grams, skimmed milk powder and coconut powder were developed and prepared by 

Shaheen et al. (2013).  Peanut based fruit bar had the highest gross energy (386.96 Kcal) 

followed by pistachio nut based fruit bar (363.06 Kcal). All the fruit bars had microbial growth 

within permissible limits and thus regarded safe owing to high sugar content and low water 

activity. It was concluded that good quality nutritious date based fruit bars could be prepared and 

utilized. Khan et al. (2014) studied the effect of different stabilizers i.e. carboxymethyl cellulose, 

xanthan and pectin on the quality of guava bar during three months storage at room temperature. 

On the basis of physicochemical, microbial analysis and sensory characteristics, it was concluded 

that guava bars with pectin 1% performed best followed by guava bars containing 0.5% 

carboxymethyl cellulose.  
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2.5. Polyphenols fortified functional foods 

A functional food may be natural food such as fruit, vegetable or grain containing 

naturally occurring bio-active compounds or it may be food in which one or more constituents 

have been enhanced, replaced or modified in order to increase its health promoting 

characteristics such as yogurt supplemented with probiotics or a juice with enhanced antioxidant 

content. It may also be a food to which a constituent or ingredient has been added i.e.  prebiotics 

(Raghuveer & Tandon, 2009). 

 Food manufacturers are striving for the development of novel foods with functional 

properties. Fruits and vegetables are well-established functional foods. Bioactive compounds of 

fruits and vegetables may be extracted, purified and utilized as dietary supplements by 

incorporating into various foods to exert functional characteristics. Fortification of foods is quite 

successful production method applied to numerous products (Chen et al., 2006). The effect of 

mango peel powder (MPP) and mango kernel powder (MKP) as rich sources of phenolic 

compounds, at different fortification levels on the physical, rheological, organoleptic and 

antioxidant activities of biscuits were investigated by Ashoush and Gadallah (2011). The 

phenolic compounds were extracted from mango peel powder and mango kernel powder by 

solvent extraction method and assessed for total polyphenols content and antioxidant activity. It 

was observed that MPP had high water holding capacity, ash and crude fiber whereas MKP had 

comparatively higher protein and fat. Total polyphenols and actioxidant capacity ranged from 

3.84 to 24.37 mg GAE/g and 61.74 to 91.57% scavenging activity respectively of biscuits 

fortified with MPP and MKP at various levels. Sensory evaluation data revealed that 10% MPP 

and 40% MKP fortification levels were acceptable. It was concluded that mango peel powder 

and mango kernel powder could be utilized as functional food ingredients due to inherent 

phenolic compounds. 

 Effect of different drying methods i.e. sun drying, oven and box solar on the 

phytochemical composition of orange (Citrus sinensis L.) peel flour in biscuit preparation was 

studied by Rwubatse et al. (2014). Different dried orange peel flours and wheat flour were 

assessed for phytochemical composition. Dried orange peel flour was supplemented to wheat 

flour at 10, 20 and 30% substitution levels. The solar dried orange peel flour had comparatively 

higher flavonoids content whereas higher tannins, saponins and alkaloids were recorded in oven 

dried orange peel flour. The phytochemical contents of all the supplemented biscuits were 

significantly higher than 100% wheat flour biscuits. On the basis of sensory scores, it was 
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observed that 100% wheat flour biscuits were preferred due to less astringent taste and bitterness 

caused by phytochemicals, followed by 10% sun dried orange peel flour biscuits, while 30% 

oven dried orange peel flour biscuits scored the lowest. Sayed-Ahmed (2014) utilized the 

polyphenols rich by-product of pomegranate juice, the pomegranate peels to produce value 

added bread. Pomegranate peel powder was incorporated to wheat flour at 2.5%, 5% and 7% 

levels for the preparation of fortified pan bread and studied its effect on weight loss in rats fed on 

high fat diet. Total polyphenols, flavonoids and antioxidant activity of pomegranate peel powder 

as well as fortified pan breads were significantly higher than control bread. Control and three 

level fortified breads along with high fat diet were fed to albino rats in four different groups as 

well as negative control group fed on basal diet and positive control fed only on high fat diet. It 

was noted that 7.5% and 5% fortified breads reduced rats weight by 47.61% and 40.65% 

respectively as compared to positive control group. With the increase in pomegranate peel 

powder fortification level in pan bread, triglycerides, total cholesterol, total lipids, VLDL, LDL 

and liver were decreased whereas HDL was increased. It was concluded pomegranate peel 

powder fortified breads owing to their high polyphenol content and antioxidant potential might 

be recommended for health benefits by minimizing risk of obesity. 

 Methanolic and aqueous extracts of pomegranate peels were prepared and their total 

polyphenols, total flavonoids and antioxidant activities were analyzed. Due to higher polyphenol 

content, flavonoids and antioxidant activities, aqueous extracts of pomegranate peels were 

fortified at 5%, 10%, 15%, 20%, 25%, 30% and 35% ratios to reconstituted skim milk powder 

before and after inoculation with yoghurt starter culture. Fortification of pomegranate peel 

extract (PPE) before inoculation with the starter lead to stirred yoghurt with higher antioxidant 

activities than PPE fortified after inoculation. Total polyphenols, flavonoids content and 

antioxidant activities increased significantly with the increase in fortification level up to 25%. 

Elevating fortification ratios of PPE caused decrease in viscosity of stirred yoghurt. However, 

fortification of PPE had non-significant effect on sensory parameters (El-Said et al., 2014).  

Supplementation of aloe juice in kinnow nectar and storage studies of supplemented kinnow 

nectar storage was carried out by Shubhra et al. (2014). Being a good source of total 

polyphenols, aloe juice was selected for supplementation to kinnow nectar. It was observed 

through organoleptic evaluation that 4% aloe juice either blanched or unblanched could be 

supplemented without affecting kinnow nectar overall quality. Total polyphenols, ash and crude 

fiber of supplemented kinnow nectar were significantly higher than control kinnow nectar. 
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During 6 months storage, there was non-significant effect of storage period and treatment on 

carotenoid content, total polyphenols, ash and crude fiber of supplemented kinnow nectar. 

Unblanched 4% aloe supplemented kinnow nectar treatment performed better as compared to 4% 

blanched aloe supplemented kinnow nectar. It was concluded that aloe juice could be utilized as 

an ingredient to elevate phytochemical and nutritional quality of beverages.  

 Keeping in view the significant biofunctionalities of phenolic compounds, the research 

study has been designed to evaluate the bioactivities of polyphenols extracted from mango and 

kinnow peels as well as to develop a fruit bar fortified with extracted polyphenols for all age 

groups. 
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                                                                                                                  Chapter III 

MATERIALS AND METHODS 

 The research work was carried out mainly at Food Science and Product Development 

Institute (FSPDI) research labs. National Agricultural Research Center (NARC) while the 

biological studies on albino rats were conducted at Animal House, National Institute of Health 

(NIH) and biochemical as well as histopatholgical studies of serum and cardiac tissues were done 

at pathology lab, NIH, Islamabad. 

3.1. Analytical instruments used 

UV-VIS Spectrophotometer (Agilent, USA), HPLC (Shimadzu, Japan), Shaking water 

bath (Tecator-1024, Sweden), Sonicator (Bandelin Sonorex RK-510 H), Centrifuge (Beckman 

J2-21, USA), Rotavapor (BUCHI, Switzerland), Autokjeldahl distillation unit (BUCHI-K-370), 

Digestion Unit (BUCHI-K-435), Crude fat extracting system (BUCHI-B-11), Refractometer 

digital (ATAGO-RX-5000i), pH meter (Orion 420 A
+ 

, USA),  Hot air oven(Memmert, ULM-

500), Muffled furnace (Carbolite, UK ), Fibertec system (Tecator E-1023), Vacuum oven 

(Memmert, VO-400), Incubator (Binder, Germany), Colony counter (FUNKE GERBER, 

Germany), Autoclave (JSAC-60T, Korea), Compound microscope (HUND WETZLAR, 

Thailand), Hygropalm water activity meter(Rotronic, Aw-Win, USA), Colour meter (Colortest 

II, Neuhaus, Neotec, Germany), Texture analyzer ( TA-XT2 Plus, Stable Microsystems, UK) 

Chemistry analyzer (Microlab 300, Merck, Germany). 

3.2. Chemicals and reagents 

 Analytical grade chemicals and reagents of Merck and Sigma were utilized during the 

research study. Methanol, ethanol, acetone, ethyl acetate, acetonitrile, sodium hydroxide, 

hydrochloric acid, glacial acetic acid, sodium acetate, ferric chloride, ferrous sulphate, 2,4,6-

Tripyridyl-s-Triazine (TPTZ), n-hexane, sodium carbonate, nitroblue tetrazolium, hydroxyl 

amine hydrochloride, Folin-ciocalteau reagent, gallic acid,  DPPH (1,1-diphenyl-2-picryl-

hydrazyl), ascorbic acid, ethylenediaminetetraacetic acid (EDTA),  doxorubicin (Adriblastina, 

Pfizer), formaldehyde, hydrogen peroxide, phosphate buffer, sodium azide, reduced glutathione, 

trichloroacetic acid, Ellman‟s reagent, eosin, hematoxylin, nutrient agar, potato dextrose agar, 

chloramphenicol. 



41 
 

3.2.1. Polyphenol standards 

 Gallic acid, chlorogenic acid, caffeic acid, trans-ferulic acid, coumaric acid, catechin, 

epicatechin, hesperidin, naringenin, magniferin, quercetin, myrecetin, kaempferol and rutin 

(Sigma Aldrich, Saint-.Quentin-Fallavier, France). 

3.2.2. Kits 

 Lactate dehydrogenase (LDH), aspartate transminase (AST), creatine kinase- MB 

fraction (CKMB), alanine transminase (ALT), alkaline phosphatase  (ALP), serum triglycerides, 

total cholesterol, high density lipoprotein (HDL),  low density lipoprotein (LDL), bilirubin, urea, 

creatinine, and uric acid (DiaSys Diagnostic Systems GmbH, Germany). 

3.3. Plant materials  

Mango (Mangifera indica L.) of Chaunsa variety and kinnow mandarin (Citrus reticulata 

L.) were collected from local fruit market and taken to Food Science and Product Development 

Institute (FSPDI) research labs. National Agricultural Research Center (NARC). Mango and 

kinnow were thoroughly washed with tap water to remove dirt, dust, pesticide residue and 

microflora on the surface. Peeling of fruits was carried out and peels were cut into small pieces 

by stainless steel knife and dried in the Memmert hot air oven at 50 °C for 48 hours till moisture 

content below 10%. Dried peels were ground to fine powder by passing through Tecator cyclotec 

sample mill with sieve size 0.5 mm (mesh 35). Mango and kinnow peel powders were packed in 

air-tight polyethylene zip bags and stored at refrigeration temperature till further analysis.  

3.4. Proximate analysis of peel powder 

Mango and kinnow peel powders were analyzed for moisture, ash, crude fat, crude 

protein and crude fiber according to standard methods of AOAC (2012). Available carbohydrates 

in peel powders were estimated by difference. 

3.4.1. Moisture content 

 Moisture of mango and kinnow peel powders was determined by AOAC method 925.10 

(2012). Two grams each of peel powder samples were taken in pre-dried and tared aluminum 

moisture dishes covered with lids. Then moisture dishes were placed uncovered in hot air oven at 

130 °C for 60 minutes. After drying moisture dishes were removed from the oven and placed in a 

desiccator till attaining room temperature. Then weight of samples after drying was taken and 

moisture calculated. 
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% Moisture =   W1- W3 x 100 

                              W2 

W1 = Weight of sample and moisture dish before drying 

     W2 = Sample weight 

                         W3 = Weight of sample and moisture dish after drying  

3.4.2. Ash content 

 Ash of mango and kinnow peel powders was determined according to AOAC method 

923.03 (2012). Well-mixed 3g each of peel powder samples were taken in crucibles that had 

previously been ignited at 550 °C, cooled to room temperature and weighed. Sample containing 

crucibles were covered with lids and placed in muffled furnace at 550 °C for 16 hours until light 

grey ash was left. Then crucibles were removed from the furnace, held in a desiccator and 

weighed at room temperature. Ash in samples was calculated as: 

                            % Ash =    W3 – W1 x 100 

         W2 

 W1 = Weight of empty crucible 

                 W2 = Sample weight 

                                      W3 = Weight of crucible containing ash 

3.4.3. Crude protein content 

   Crude protein of mango and kinnow peel powders was determined according to AOAC 

method 976.05 (2012). Well-mixed 0.5 g sample was weighed and transferred into each 

digestion tube. Two Kjeltabs were added in each tube followed by addition of 20 mL sulfuric 

acid through a dispenser. Then the digestion tubes were placed in digestion tubes stand in the 

digestion unit BUCHI K-435 with a temperature of 450 °C. The scrubber was fitted with 

digestion unit and digestion process was continued for 90 min. During digestion, all the 

nitrogenous compounds were converted into ammonium sulphate.  Then the digestion tubes were 

removed from digestion unit and allowed to attain room temperature. Sample weight along with 

the protein factor 6.25 was entered in the software program of autokjeldahl distillation unit 

BUCHI K-370 and pH was adjusted at 4.70.  Before sample analysis, blanks were run and the 

samples were analyzed consecutively by fitting digestion tube in distillation unit and safety door 

was closed. By the addition and boiling of 32% sodium hydroxide in the digestion tube, 

digestion tube solution became alkaline and converted the ammonium sulfate into ammonia gas 

which then distilled into 4% boric acid solution in the receiving flask. Due to low pH of the 
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solution, the ammonia gas was converted into the ammonium ion and concurrently the boric acid 

was converted to borate ion. After titration of the ammonium borate formed with 0.25N sulfuric 

acid, the nitrogen and protein content of sample was determined and displayed on the distillation 

unit screen. The distillation and titration process for each sample required around seven minutes.  

3.4.4. Crude fat content  

Crude fat of mango and kinnow peel powders was determined according to AOAC 

method 2003.06 (2012). Properly mixed 3 g sample each covered with tissue paper were taken in 

extraction thimble. Pre-dried glass beakers BUCHI were weighed and along with thimbles 

attached to crude fat extraction unit BUCHI B-11. Solvent n-hexane @ 40 mlLwas added to each 

beaker and extraction conditions were set in soxhlet software program as 2 hours boiling, 15 

minutes rinsing and 15 minutes drying. Chiller was attached to extraction system for 

condensation of evaporated solvent. During the process, n-hexane was boiled, evaporated, 

condensed, passed through the thimble containing sample and extracted fats from the sample, the 

process continued for 2 hours till all the fats were extracted from samples and collected in the 

beakers. After rinsing and drying steps, beakers were removed from extraction unit and placed in 

the desiccators. On cooling to room temperature, beakers were weighed and crude fat calculated. 

                            % Fat =    W3 – W1 x 100 

         W2 

 W1 = Weight of empty beaker 

                 W2 = Sample weight 

                                      W3 = Weight of beaker containing extracted fats  

3.4.5. Crude fiber content 

 Crude fiber content of mango and kinnow peel powders was determined according to 

AOAC method 962.09 (2012). Dried and fat free 2 g sample each were taken in Berzelius 

beakers and boiled in 1.25% sulphuric acid for 30 minutes, cooled and boiled in 1.25% sodium 

hydroxide for further 30 minutes. Then the digested materials were filtered through Tecator 

fibertec system, washed. The residue was dried in hot air oven at 130 °C for 60 minutes, weighed 

and ignited in muffled furnace at 550 °C for 16 hours, cooled and re-weighed. Crude fiber was 

calculated as loss in weight after ignition. 

   % Crude Fiber = W2 – W3 x 100 

                  W1 

 W1 = Weight of sample 

                W2 = Weight of residue before ashing 
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                                    W3 = Weight of ash 

 

3.4.6. Available carbohydrates 

 Available carbohydrates in mango and kinnow peels were calculated by difference [100 - 

(% moisture+ % ash + % crude protein + % crude fat + %crude fiber)].  

3.5. Extraction of polyphenols 

 Maceration and ultrasound-assisted extraction methods were used for the extraction of 

polyphenols from mango and kinnow peel powders.  

3.5.1. Maceration 

 Mango and kinnow peel powders were subjected to extraction through maceration 

technique according to procedure described by Elfalleh et al. (2012) with slight modifications. 

Extraction was carried out by different solvents i.e.  methanol, ethanol, acetone, ethyl acetate at 

three solvent concentrations (50%, 80%, 100%), sample to solvent ratio (1:10, 1:15, 1:20) and 

extraction temperature (30 °C and 40 °C). Briefly, 5 g of peel powder samples were extracted 

by specific solvent, concentration level, sample to solvent ratio and extraction temperature in 

shaking water bath (Tecator 1024) for 20 hr with shaking speed set at 8. The extracts were 

filtered through Whatman filter paper 1 and centrifuged (Beckman J2-21) at 5000 rpm for 10 

min. Supernatant was collected and the solvent was evaporated by rotary evaporator (BUCHI 

Rotavapor) under vacuum at 45 °C to obtain the extract which was further filtered through    

0.45 µm cellulose membrane filter (Merck Millipore), collected in amber glass bottles and 

stored at refrigeration temperature.  

3.5.2. Ultrasound-assisted extraction 

Extraction of polyphenols from mango and kinnow peel powders was carried out through 

ultrasound-assisted extraction technique as described by Bimakr et al. (2013) with slight 

modifications. Peel powders samples 5g each were extracted through various extraction 

conditions like solvents ethanol and methanol at 50%, 80%, 100%  concentration, sample to 

sovent ratio 1:10, 1:15, 1:20, extraction temperature 35 °C, 45 °C, 55 °C  and extraction time 40, 

50, 60 and 70 minutes in a sonicator (Bandelin Sonorex RK-510H) at 35 kHz frequency.  

Extracts were subjected to filtration, centrifugation, solvent vacuum evaporation, 

microfilteration, collection in amber glass bottles and refrigerated storage similarly as maceration 

extracts. The percent yield of mango and kinnow peel extracts through maceration and 
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ultrasound-assisted extraction was determined by dividing the weight of extract with the sample 

weight and multiplying by 100. 

3.6. Total polyphenols determination 

 Total polyphenol content of mango and kinnow peel extracts was determined by Folin-

Ciocalteau method as described by Singleton et al. (1999). Mango and kinnow peel extract 

solution (10 mg/mL) were prepared for the polyphenols analysis. Briefly, 0.5 mL extract solution 

was mixed with 2.5 mL of 10 % Folin-Ciocalteu‟s reagent dissolved in distilled water and 2.5 

mL 7.5% sodium carbonate. Blank was concomitantly prepared, containing all reagents except 

sample ectract. Then the samples were incubated at 25 °C for 30 min for blue colour 

development. The absorbance was determined at 765 nm with UV-VIS Spectrophotometer 

(Agilent 8453). Similar procedure was carried out for gallic acid standard solution and the 

calibration curve was prepared from various concentrations (12.5, 25, 50, 100, 200, 400 µg/mL) 

of gallic acid. Total polyphenol content was expressed as mg gallic acid equivalent (GAE)/g of 

extract. 

3.7. HPLC analysis of phenolic compounds 

 Identification and quantification of phenolic acids and flavonoids in the extracts were 

carried out with high performance liquid chromatography (HPLC) according to the method 

described by Salvador et al. (2006) with slight modifications. Extract samples filtered through 

0.45 µm membrane filter prior were injected to HPLC system consisted of Perkin Elmer HPLC 

equipped with Binary LC pump 250, LC 295 UV/VIS detector, reversed phase C18-WP.100 

column (CNW Technology) with internal dimensions 4.6 mm x 250 mm, 5 µm. The mobile 

phase consisted of linear gradient with combination of solvent A (acetonitrile) and solvent B 

(distilled water/acetic acid, 99:1, v/v, pH 2.30 +0.1). Following gradient program was used for 

the separation of flavonoids and phenolic acids:  20% A (5 min), 80% A (10 min), 20% A (5 

min). The analyses were conducted at a flow rate of 1 mL/min with the UV detector set at 280 

nm for phenolic acids and 370 nm for flavonoids and sample injection volume 20 µL. The 

analytes were identified by comparing the retention times and spike samples with polyphenol 

standards and subsequently quantification of phenolic compounds were determined. 
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3.8. Antioxidant activity determination 

 Antioxidant activity of mango and kinnow peel extracts was assessed by ferric reducing 

antioxidant power (FRAP), 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging and 

superoxide radical scavenging assays. 

3.8.1. Ferric reducing antioxidant power (FRAP) assay 

The FRAP assay was carried out by the procedure described by Benzie and Strains 

(1996) with some modifications. The reaction determines the ferric 2, 4, 6-tripyridyl-triazine 

(TPTZ) reduction to a coloured complex by antioxidants. 

The FRAP reagent was prepared by mixing 25 mL of 0.3 M acetate buffer (pH 3.6) with 

2.5 mL TPTZ solution (0.01 M) and 2.5 mL of FeCl3.6H2O (0.02M). A 200 µL diluted sample 

was added to 1.5 mL FRAP reagent and warmed at 37 °C for 10 min. The absorbance was 

measured at 593 nm and antioxidant activity of sample was expressed as mmol/100g of extract. 

3.8.2. DPPH radical scavenging assay 

The antioxidant activity of mango and kinnow peel extracts was determined by DPPH (1, 

1-diphenyl-2-picryl-hydrazyl) assay according to method of Brand-William et al. (1995) with 

slight modifications. The DPPH assay is based on the determination of antioxidants reducing 

ability towards DPPH by donating electron or hydrogen atom that changes its violet colour to 

yellow and the decrease in absorbance is measured with spectrophotometer at 517nm. 

     Briefly, 24 mg DPPH was dissolved in 100 mL methanol to prepare a stock solution. The 

working standards were prepared by diluting DPPH stock solution with methanol to obtain about 

0.98 (± 0.02) absorbance at 517 nm. A 3 mL of the solution was mixed with 100 µL of samples 

at different concentrations (25-400 µg/mL), well shaken, incubated in the dark at room 

temperature for 15 min and absorbance was measured at 517 nm. The scavenging activity was 

calculated based on the DPPH radical percentage scavenged. 

 

% Inhibition of DPPH radical =   Ac –As   x 100  

                                                   Ac  

Ac = Absorbance of control 

As = Absorbance of sample 
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3.8.3. Superoxide radical scavenging power assay 

The antioxidant activity of mango and kinnow peel extracts was analyzed through  

superoxide radical scavenging assay in accordance with the procedure described by Vaidya et al. 

(2008). In superoxide radical scavenging assay, oxidation of hydroxylamine leads to the 

formation of superoxide radical. Nitroblue tetrazolium is reduced by superoxide anion and 

measured colorimetrically at 560 nm. Initially, 1 mL extract at different concentration (25-400 

µg/mL) was added to 1 mL sodium carbonate (5%), 0.4 mL nitroblue tetrazolium (150 µm) and 

0.3 mL EDTA (0.5%). After mixing all the reagents, absorbance was measured immediately at 

560nm. The reaction was started by the addition of 0.4 mL hydroxlylamine hydrochloride and 

incubated at 25°C for 5 min. The NBT reduction was determined with spectrophotometer at 560 

nm. A parallel control (without extract) and standard ascorbic acid was also treated in the similar 

manner. The % scavenging activity was calculated as:  

 % Inhibition of superoxide radical = [1 – A1 / A0] x 100 

   A1 = Absorbance of extract sample 

            A0 = Absorbance of control 

3.9. Assessment of cardioprotective activity 

Albino rats of Sprague Dawley strains of either sex weighing between 190-210 g were 

used for the biological studies conducted at animal house, National Institute of Health, 

Islamabad. Animals were housed in polypropylene cages under environmental conditions of 25 ± 

3 °C, relative humidity 50 ± 10% with 12 hours light/dark cycle and had free access to feed and 

water ad libitum.  

Doxorubicin (Adriablastina, Pfizer) injections were purchased from local pharmacy and 

animals were administered intraperitoneal (i.p.) 2.5 mg/kg body weight (b.w.) in six equal doses 

on day, 50, 52, 54, 56, 58 and 60 for a total cumulative dose of 15 mg/kg b.w. to induce 

myocardial infarction. 

3.9.1. Experimental design 

Animals were kept for one week acclimatization period and then randomly divided into 8 

groups of 6 animals per group.  

Group I: Normal control without any intervention; albino rats received standard feed and 

distilled water of for 60 days.  
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Group II: Doxorubicin control group; rats received standard feed, distilled water for 60 days 

and doxorubicin injection was administered @ 2.5 mg/kg body weight (b.w.) intraperitoneal in 

six equal doses on alternate days from 50
th

 to 60
th

 day. 

Group III: Preventive group A; albino rats were pretreated with 75 mg/kg b.w. mango peel 

extract once daily by oral gavage for sixty days and doxorubicin injection was administered @ 

2.5 mg/kg body weight intraperitoneal in six equal doses on alternate days from 50
th

 to 60
th

 day. 

Group IV: Preventive group B; albino rats were pretreated with 150 mg/kg b.w. mango peel 

extract once daily by oral gavage for sixty days and doxorubicin injection was administered @ 

2.5 mg/kg b.w. intraperitoneal in six equal doses on alternate days from 50
th

 to 60
th

 day. 

Group V: Preventive group C; albino rats were pretreated with 300 mg/kg b.w. mango peel 

extract once daily by oral gavage for sixty days and doxorubicin injection was administered @ 

2.5 mg/kg b.w.intraperitoneal in six equal doses on alternate days from 50
th

  to 60
th

 day.. 

Group VI: Preventive group D; rats were pretreated with 75 mg/kg b.w. kinnow peel extract 

once daily by oral gavage for sixty days and doxorubicin injection was administered @ 2.5 

mg/kg b.w. intraperitoneal in six equal doses on alternate days from 50
th

  to 60
th

 day. 

Group VII: Preventive group E; rats were pretreated with 150 mg/kg b.w. kinnow peel extract 

once daily by oral gavage for sixty days and  doxorubicin injection was administered @ 2.5 

mg/kg b.w. intraperitoneal in six equal doses on alternate days from 50
th

  to 60
th

 day. 

Group VIII: Preventive group F; albino rats were prertreated with 300 mg/kg b.w. kinnow peel 

extract once daily by oral gavage for sixty days and doxorubicin injection was administered @ 

2.5 mg/k b.w. intraperitoneal in six equal doses on alternate days from 50
th

  to 60
th

 day. 

3.9.2. Biochemical assessment 

After 48 hours of last doxorubicin injection dose, the animals were anaesthetized with 

chloroform and blood was collected by cardiac puncture in blood collection tubes. Serum was 

separated by centrifugation at 4000 rpm for 10 min and used for biochemical studies. 

3.9.2.1. Estimation of cardiac enzymes in serum 

Serum was analyzed for various enzyme biomarkers related to myocardial infarction like 

lactate dehydrogenase(LDH), aspartate transminase(AST), creatine kinase-MB fraction(CKMB), 

creatine phosphokinase (CPK) according to methods stated by Thomas (1998) and Rosalki 

(1967)  with commercially available kits (DiaSys Diagnostic Systems GmbH, Germany) by 

using Microlab Chemistry Analyzer (300 1x, Merck). 
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3.9.2.2. Evaluation of lipids 

Serum triglycerides (Cole et al., 2000), total cholesterol (Artiss & Zak, 2000), high 

density lipoprotein (HDL) (Nauck et al., 2000) and low density lipoprotein (LDL) (Bachorik, 

2000) were evaluated by using Microlab Chemistry Analyzer with commercially available kits 

(DiaSys Diagnostic Systems GmbH, Germany). 

3.9.2.3. Estimation of liver function activities 

Alanine transminase (ALT), aspartate transminase (AST), alkaline phosphatase (ALP) 

and bilirubin were analyzed according to methods stated by Khan et al. (2012) using Microlab 

Chemistry Analyzer with commercially available kits (DiaSys Diagnostic Systems GmbH, 

Germany). 

3.9.2.4. Estimation of renal function activities 

Blood urea nitrogen (BUN), Creatinine and uric acid were analyzed by the procedures 

described by First (2003) using Microlab Chemistry Analyzer with commercially available kits 

(DiaSys Diagnostic Systems GmbH, Germany). 

3.9.2.5. Assessment of antioxidant enzymes in heart tissues 

After blood collection by cardiac puncture, the albino rats were slaughtered and heart 

tissues were removed, washed with ice-cold saline and dried with filter paper. Heart tissues were 

diced and homogenized in 0.05 M ice-cold phosphate buffer. Homogenate was centrifuged at 

4000 rpm for 10 min at 4 °C. The supernatant was collected and utilized for the determination of 

antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase 

(CAT). 

3.9.2.5.1. Superoxide dismutase (SOD) assay 

Superoxide Dismutase activity was analyzed according to method described by   Kono 

(1978). SOD activity was determined by observing the rate of inhibition of NBT reduction by 

superoxide radicals generated by the auto-oxidation of hydroxylamine hydrochloride. Briefly,    

1.3 mL of EDTA solution (0.1 mM EDTA containing 50 mM sodium carbonate, pH 10.0) was 

mixed with 0.5 mL NBT (90 µM) and 0.1 mL Triton-X (0.6%). Then 0.1 mL hydroxylamine 

hydrochloride (20 mM, pH 6.0) was added and the rate of NBT reduction was observed for one 

minute at 560 nm. Then 0.1 mL enzyme sample was added to cuvette and the enzyme activity 

was calculated. SOD activity was expressed as units per mg protein change in optical density per 

minute where one unit of enzyme is the SOD amount required to inhibit 50% rate of reaction. 
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3.9.2.5.2. Catalase (CAT) assay 

Catalase activity was determined according to the method of Aebi (1984) by   using 0.1 

mL enzyme sample, 1 mL hydrogen peroxide (2 mM) and phosphate buffer (0.01 M, 1 mL), the 

pH was adjusted to 7.0. Catalase activity was analyzed by measuring the decrease in absorbance 

at 240 nm for 3 min by UV-Vis spectrophotometer and expressed as units per mg protein. 

3.9.2.5.3. Glutathione peroxidase (GPx) assay 

 Glutathione peroxidase was estimated by the method described by Rotruck et al. (1973). 

Briefly, the assay mixture consisted of 0.5 mL phosphate buffer(0.4 M, pH 7.0), 0.1 mL sodium 

azide(10 mM), 0.2 mL reduced glutathione(4 mM), 0.2 mL enzyme tissue(supernatant) and 0.1 

mL hydrogen peroxide(0.2 mM). The contents were incubated at 37°C for 10 min, the reaction 

was stopped by adding 0.5 mL 10 % trichloroacetic acid and centrifuged at 3000 rpm for 5 min. 

The glutathione in the supernatant was quantified by using 0.5 mL Ellman‟s reagent (19.8 mg 

5,5‟-dithiobisnitrobenzoic acid “DTNB” in 50 mL phosphate buffer, pH 7.6) and absorbance was 

noted after 5 min at 412 nm by UV-Vis spectrophotometer and expressed as µg of GSH 

consumed/min/mg of protein. 

3.9.3. Histopathological studies 

Heart tissues were fixed in 10 % formalin and embedded in paraffin. Paraffin blocks were 

prepared, cut at 5µm thickness, mounted on glass slides, deparaffinized and stained with 

hematoxlin and eosin for histopathological studies through light microscope (Patel et al., 2011). 

The histopathological parameters to be studied were necrosis, loss of myofibril, cytoplasmic 

vacuole formation, edema, mitochondrial swelling and leukocyte infiltration. 

3.10. Antimicrobial activity determination 

 The antimicrobial activity of mango and kinnow peel extracts was determined by disc 

diffusion method (Rios et al., 1988; Ripa et al., 2009). Bacterial strains Staphylococcus aureus 

ATCC 25923, Bacillus cereus ATCC 10876 and Salmonella typhimurium ATCC 14028 were 

selected for the study of antimicrobial activity of extracts.  

For preparation of media, nutrient agar was dissolved in distilled water and pH 7 was 

adjusted. Sterilization of media was carried out in the autoclave at 121 °C for 15 minutes and 

media was cooled at room temperature after sterilization. The petri plates without any 

contamination were selected for further investigations. Sterile paper discs 6 mm diameters were 

placed on the agar media. Then 10 µl extract sample of various concentrations (25, 50, 75, 100 

mg/mL) was applied on sterile discs and allowed to dry the solvent. Thus, the sterile discs 
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contained peel extracts @ 250, 500, 750 and 1000µg per disc. For comparison, antibiotic 

chloramphenicol was used as a standard. Bacterial cultures were injected to sterilized petri 

plates. The petri plates were incubated at 37 °C for 24 hours after which the zones of growth 

inhibition (mm) around the discs were measured. 

3.11. Development of fruit bars 

 Fruit bars fortified with polyphenol extracts were developed as a functional food and 

studied for different quality parameters. 

3.11.1. Procurement of raw material 

Mangoes(Chaunsa variety), skimmed milk powder, roasted corn flour, sugar, gum   

arabic were procured from local market and taken to FSPDI, NARC. Mangoes were thoroughly 

washed and pulp was taken by passing through mango pulper. Mango pulp was pasteurized at   

85 ºC for 10 min in a pan placed in the water bath. Pasteurized pulp was kept at freezing 

temperature till further processing. Sugar and roasted corn were grinded to fine powder by 

passing through Tecator cyclotec sample mill, packed in air-tight polyethylene zip bags and 

stored at refrigeration temperature. 

3.11.2. Physico-chemical analysis of raw material 

Mango pulp was analyzed for total soluble solids (T.S.S.), acidity, pH, reducing sugars, 

total sugars, moisture, ash, crude protein, crude fat and crude fiber according to standard 

methods as described by AOAC (2012). Roasted corn flour and skimmed molk powder were 

analyzed for moisture, ash, crude protein, crude fat and crude fiber according to standard 

methods of AOAC (2012). Available carbohydrates in mango pulp, roasted corn flour and 

skimmed milk powder were estimated by difference. Except moisture determination of mango 

pulp, other proximate composition analyses were carried out similarly described already in 

proximate analysis of mango and kinnow peel powders.  

3.11.2.1. Total soluble solids determination 

   Total soluble solids (T.S.S.) of mango pulp were derermined by the standard AOAC 

method 932.12 (2012). Appropriate quantity of mango pulp sample was placed on the prism of 

digital refractometer and the T.S.S. of sample was displayed on the screen of refractometer 

which was corrected at 20 ºC by the use of table 900.03 (AOAC, 2012). 

3.11.2.2. Titratable acidity determination 

     Titratable acidity of mango pulp was analyzed according to standard method 942.15 of 

AOAC (2012). Briefly, 10g mango pulp sample was taken in a beaker, diluted to 50mL with 
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distilled water and after adding 2 to 3 drops of phenolphthalein, titrated with 0.1N NaOH. 

Titratable acidity was calculated as:  

Titratable acidity(%) = 0.1 N NaOH x 0.070 (equivalent weight of citric acid) x titre value x100 

                                                                                     Sample weight                       

 

3.11.2.3. pH determination 

     pH of mango pulp was measured according to standard procedure 981.12 of AOAC 

(2012). pH meter (Orion 420 A
+
) with automatic temperature control was first standardized by 

standard pH 4.0 and pH 7.0 buffer solutions. pH electrodes were rinsed, blot,  immersed in 

sample containing beaker and pH noted after reading stabilized for 1 minute on the screen of pH 

meter.  

3.11.2.4. Reducing sugars determination 

    Reducing sugars of mango pulp were determined according to AOAC standard method 

920.183 (2012). Briefly, 5g mango pulp sample was taken in a 250 mL volumetric flask and 

diluted to 100 mL. About 2 mL saturated neutral lead acetate solution was added and allowed it 

to stand for 10 minutes. Then 1.8 mL potassium oxalate was added to precipitate excess lead 

acetate, mixed, diluted to volume, filtered with Whatman filter no. 41 and added to burette. 

 Soxhlet solution was prepared by taking 25 mL Fehling A (69.28 g copper sulphate 

dissolved in distilled water, diluted to 1000 mL, filtered and stored in amber glass bottles) and 25 

mL Fehling B (346 g potassium sodium tartarate and 100 g sodium hydroxide were dissolved in 

distilled water, diluted to 1000 mL, filtered and stored in amber glass bottles. Then 10 mL 

soxhlet solution was pipetted in a conical flask, 50 mL distilled water was added and the flask 

was placed under the burette for titration. Initially, 20 mL sample solution was run into the flask, 

mixed, heated to boiling for 2 minutes to change to red colour. About 3 drops of methylene blue 

indicator was added to flask and continued boiling. Few drops of sugar solution was added into 

flask and titration was completed within 1 minute with brick-red colour end-point. 

Reducing sugars (%) = mg of invert sugar x volume made up x 100 

                                                Titre x weight of sample x 1000 

3.11.2.5. Total sugars determination 

     Total sugars of mango pulp were analyzed according to AOAC method 923.09 (2012). 

Briefly, 50 mL of deleaded, filtered sample solution (prepared during reducing sugar 
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determination) was pipetted into 250 mL volumetric flask. Then 5g citric acid and 50 mL 

distilled water were taken, boiled for 10 minutes, cooled and transferred to 250 mL volumetric 

flask, neutralized, volume made up and transferred the solution to the burette. Titration was 

carried out similarly as described in case of reducing sugars determination.  

Total sugars (%) = mg of invert sugar x final volume made up x original volume x 100 

                                                              Titre x weight of sample x 1000 

3.11.2.6. Moisture determination 

    Moisture content of mango pulp was analyzed according to standard method 934.06 of 

AOAC (2012). Briefly, 5 g each of mango pulp sample were taken in pre-dried and tared 

aluminum moisture dishes. Then moisture dishes were placed in vacuum oven (Memmert VO 

400) at 70 °C with 45 mbar (60 mm Hg) pressure for 6 hours. After drying moisture dishes were 

removed from the oven and placed in the desiccator for cooling. Weight of samples after drying 

was taken and moisture calculated. 

% Moisture =   W1- W3 x 100 

                                 W2 

                         W1 = Weight of sample and moisture dish before drying 

     W2 = Sample weight 

                         W3 = Weight of sample and moisture dish after drying  

 

3.11.3. Microbiological analysis of raw material 

Total plate count, yeast and mould of mango pulp as well as mango and kinnow extracts 

were determined by the methods described in AACC (2000). 

3.11.3.1. Total plate count 

    Total  plate count/ total viable count of mango pulp as well as mango and kinnow peel 

extracts was estimated by AACC standard method 42-11(2000). Briefly, 1 g sample was 

weighed, transferred to sterile blender jar, 9 mL sterile phosphate buffer was added and blended 

at slow speed for 2 minutes. Serial dilutions were prepared by transferring 1 mL of blend and 9 

mL of sterile phosphate buffer were successively diluted. Contents were thoroughly mixed after 

each dilution. Then 1 mL of each dilution was pipette into sterile petri dishes in duplicate. About 

15 mL molten plate count agar cooled to 45 °C was added to petri dishes. Agar medium and 

sample dilutions were mixed by rotating petri plates on a horizontal surface and allowed agar to 

solidify, petri dishes were inverted in the incubator and incubated at 35 °C for 48 hours. Colonies 
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on petri plates containing 30 to 300 colonies were counted and multiplied by the dilution 

factor.Results were expressed as cfu/g. 

3.11.3.2. Mold and yeast count 

    Mold and yeast count of mango pulp as well as mango and kinnow peel extracts was 

estimated by AACC standard method 42-50 (2000). Briefly, 1 g sample was weighed, transferred 

to sterile blender jar, 9 mL sterile phosphate buffer was added and blended at slow speed for 2 

minutes. Serial dilutions were prepared by transferring 1 mL of blend and 9 mL of sterile 

phosphate buffer were successively diluted. Contents were thoroughly mixed after each dilution. 

Then 1 mL of each dilution was pipetted into sterile petri dishes in duplicate. About 15 mL 

potato dextrose agar at 45 °C was added to petri dishes. Agar medium and sample dilutions were 

mixed by rotating petri plates on a horizontal surface and allowed agar to solidify, petri dishes 

were inverted in the incubator and incubated at 25 °C for 5 days. Colonies on petri plates 

containing less than 50 colonies were counted and multiplied by the dilution factor.Results were 

expressed as cfu/g. 

3.11.4. Preparation of fruit bars 

Fruit bars were prepared according to the method described by Nadeem et al. (2012). 

Sugar, roasted corn flour, skimmed milk powder were added to mango pulp.  Mango and kinnow 

peel polyphenol extract at different ratios (1%, 2%, 3%) were fortified and mixed with mango 

pulp in the blender. Then the mixture was transferred to sheeting and cutting table where 

sheeting was carried out with sheeting roller and cut into mango bars of 7 cm length, 2.5 cm 

width and I cm height. Each bar of approximately 25 g was packed in aluminum foil and stored 

at refrigerated and ambient temperature. 

Table 3.1: Treatment Plan for Fruit Bar 

Treatments 
Mango 

pulp (%) 

Mango/ 

Kinnow peel 

phenolic 

extract (%) 

Sugar 

(%) 

Skimmed 

milk 

powder 

(%) 

Roasted 

corn 

flour 

(%) 

Gum 

Arabic (%) 

T0 30 - 25 25 19 1 

T1 29 1 (MPE) 25 25 19 1 

T2 28 2 (MPE) 25 25 19 1 

T3 27 3 (MPE) 25 25 19 1 

T4 29 1 (KPE) 25 25 19 1 

T5 28 2 (KPE) 25 25 19 1 
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T6 27 3 (KPE) 25 25 19 1 

MPE: Mango peel extract,    KPE: Kinnow peel extract 

 

3.11.4.1. Physico-chemical analysis and antimicrobial activity of fruit bars 

   Moisture, ash, crude protein, crude fat and crude fiber content of fruit bars were 

determined according to standard methods of AOAC (2012) as described earlier for peel powder 

proximate analysis. Carbohydrates were calculated by difference [100 - (% moisture+ % ash + % 

crude protein + % crude fat)]. Gross energy of fruit bars was estimated by using standard factors 

4.0, 9.0 and 4.0 kcal/g for proteins, fats and carbohydrates respectively.Total soluble solids, 

percent acidity, total and reducing sugars of fruit bars were analyzed according to standard 

method of AOAC (2012) stated already for mango pulp chemical analysis. 

The antimicrobial activity of mango and kinnow peel extract fortified fruit bars were 

determined by disc diffusion method (Rios et al., 1988; Ripa et al., 2009). Bacterial strains 

Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 10876 and Salmonella typhimurium 

ATCC 14028 were selected for the study of antimicrobial activity of fruit bars stated already for 

antimicrobial activity determination of mango and kinnow peel extracts. 

3.11.5. Storage studies of fruit bars 

Fruit bars packed in aluminum foil were stored at refrigerated temperature (6 ± 1 ºC) and 

ambient temperature (25 ± 3 ºC) subjected to physicochemical, microbiological and sensory 

evaluation at 30 days intervals till storage period of 150 days.  

3.11.5.1. Physical analysis of fruit bars 

    Physical analysis of fruit bars were conducted for texture, water activity and colour 

parameters.  

3.11.5.1.1. Water activity determination 

Water activity of fruit bars was determined according to the method described by Piga et 

al. (2005) with some modifications. Electronic hygropalm water activity meter (Rotronic,      

Aw-Win, with Karl-Fast probe, USA) was used to conduct the analysis. Fruit bar sample was 

placed in the cup and the probe was inserted into bar sample connected with digital display. By 

pressing enter key, water activity data of bar sample was observed on display unit of hygropalm 

water activity meter. 

3.11.5.1.2. Colour determination 

Fruit bars colour was measured according to the method described by Rocha and Morais 

(2003). Colour meter (Colortest II, Neuhaus, Neotec, Germany) was at first calibrated by 
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standards i.e. 151 CTn (colour test number) for light colour and 54 CTn for dark colour. Then 

fruit bars were placed under the photocell and colour of fruit bars was determined by comparing 

the reading with standard values. 

3.11.5.1.3. Texture determination 

Texture analysis of fruit bars was carried out by texture analyzer (model TA-XT2 Plus, 

Stable Microsystems, UK) with 5 kg load cell according to the method described by Piga et al. 

(2005) with slight modifications. Texture measurements i.e. hardness and fracturability were 

done by the use of three points bending rig probe for bend test. The fruit bars were bent to assess 

their structural characteristics. Bar samples were centrally placed under 3-point bend rig. The 

maximum force (g) was used as hardness index and distance (mm) as fracturability index for 

bend test. 

3.11.5.2. Chemical analysis of fruit bars 

Moisture, ash, crude protein, crude fat and crude fiber of fruit bars during storage were 

determined according to standard methods of AOAC (2012) as described earlier. Carbohydrates 

were calculated by difference [100 - (% moisture+ % ash + % crude protein + % crude fat)]. 

Total soluble solids, percent acidity, total and reducing sugars of fruit bars were analyzed during 

five months storage period according to standard method of AOAC (2012). Free fatty acids of 

fruit bars were determined according to AOAC standard method 940.28 (2012). Oil was 

extracted from sample and titrated with 0.1N NaOH using phenolphthalein as indicator. Titration 

was continued until pink colour appeared for at least 30 seconds. Free fatty acids were expressed 

as percent oleic acid in the sample. 

3.11.5.3. Total polyphenols content of fruit bars 

Extraction of polyphenols from fruit bars was carried out through ultrasound-assisted 

extraction technique as described by Bimakr et al. (2013) with slight modifications. Briefly, fruit 

bars 5g each were extracted by 80% ethanol with sample to sovent ratio 1:20, extraction 

temperature 45°C and extraction time 60 min in a sonicator (Bandelin Sonorex RK-510H) at 35 

kHz frequency.Extracts were subjected to filtration, centrifugation, solvent vacuum evaporation, 

microfilteration, collection in amber glass bottles and refrigerated storage. The percent yield of 

fruit bar extracts was determined by dividing the weight of extract with the sample weight and 

multiplying by 100. 
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Total polyphenol content of fruit bars during storage was determined by Folin-Ciocalteau 

method   (Singleton, 1999) as already described for total polyphenols determination of mango 

and kinnow peel extracts.  

3.11.5.4. Antioxidant activity of fruit bars 

Antioxidant activity of fruit bars during storage was determined by DPPH (1,1-diphenyl-

2-picryl-hydrazyl) assay according to method of Brand-William et al. (1995) with slight 

modifications described earlier for mango and kinnow peel extracts. 

3.11.5.5. Microbiological analysis of fruit bars 

Total plate count, yeast and mould of fruit bars during storage were determined by the 

standard methods of AACC (2000) described earlier for microbial analysis of mango pulp and 

peel extracts. Plate count agar and potato dextrose agar were used for total viable count, yeast 

and mould determination. 

3.11.5.6. Sensory evaluation of fruit bars 

Fruit bars were sensory evaluated for colour/ appearance, flavour, taste, texture and 

overall acceptability by a panel of twelve judges, males and females of diverse age groups at 

storage intervals of 0, 30, 60, 90, 120 and 150 days. Fruit bar samples were presented in 

succession and the panelists were asked to rate samples according to 9-point Hedonic scale as 

described by Land and Shepherd (1988).  Proforma for sensory evaluation of fruit bars is 

attached as appendix-I. 

3.12.  Statistical analysis 

 Data was statistically analyzed by applying analysis of variance (ANOVA) technique to 

determine significance level. Factors-factorial design was applied for determination of 

significance level. Least square design test was used to calculate least significant difference 

among means according to methods described by Steel et al. (1997). Minitab software was used 

for conducting statistical analysis of data. 
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                                                                                                                   Chapter IV 

RESULTS AND DISCUSSION 

Mango and kinnow peels were subjected to extraction and quantification of phenolic 

compounds under various conditions, bioactivities of polyphenols especially their cardio-

protective properties were evaluated as well as developed functional fruit bars containing 

extracted polyphenols for all age groups. 

4.1. Proximate composition of peel powder 

 Data regarding proximate composition of mango and kinnow peel powder has been 

presented in table 4.1. Kinnow peel powder had comparatively higher moisture (9.96%), crude 

fat (2.05%), crude protein (5.97%) and crude fiber (15.23%) whereas, ash content (5.10%) and 

available carbohydrates (67.63%) of mango peel powder were found relatively higher than 

kinnow peel powder. Statistically, t-value revealed significant difference between the 

composition of mango and kinnow mandarin peels. Earlier, Ashoush et al. (2011) observed the 

crude protein 3.60%, crude fat 1.23%, crude fiber 9.33% and ash 3.88% in mango peel powder. 

Similarly, Abdeldaiem and Hoda (2012) reported the chemical composition of mango peel 

powder as moisture 10.37%, crude fat 2.28%, crude protein 3.61%, ash 3.35%, carbohydrates 

29.15% and dietary fiber 51.24%. The proximate composition of citrus waste was studied by 

various researchers. Bacha et al. (2011) reported the proximate composition of orange peels as 

10.13% crude protein, 4.09% crude fat, 3.64% ash, 7.24% crude fiber and 74.88% nitrogen free 

extract (NFE). Raj and Masih (2012) observed that orange peel powder had moisture content 

3.5%, ash 6.69%, crude protein 2.67%, crude fat 2.0% and crude fiber 2.35%. As regards kinnow 

mandarin peel, 7.60% crude protein, 10.92% crude fiber, total ash 4.23%, 3.57% crude fat, 

73.69% NFE on dry weight basis was reported by Kour et al. (2014). The variation in proximate 

composition of mango peel powder among different studies may be due to varietal differences, 

agronomic practices, climatic conditions as well as topographic locations (Palafox-Carlos et al., 

2012). 
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Table 4.1: Proximate composition of mango and kinnow peel powders  

 Peel powder N Mean SD SE t-value Prob 

Moisture (%) Mango 3 8.13 0.17 0.10 -16.39** 0.000 

 Kinnow 3 9.96 0.10 0.06   

Ash (%) Mango 3 5.10 0.11 0.06 19.85** 0.000 

 Kinnow 3 3.78 0.04 0.02   

Crude Fat (%) Mango 3 1.75 0.12 0.07 -3.84* 0.019 

 Kinnow 3 2.05 0.06 0.03   

Crude Protein (%) Mango 3 3.88 0.10 0.06 -23.24** 0.000 

 Kinnow 3 5.97 0.12 0.07   

Crude Fiber (%) Mango 3 13.51 0.49 0.28 -5.04** 0.007 

 Kinnow 3 15.23 0.32 0.19   

Carbohydrates(%) Mango 3 67.63 0.53 0.30 13.00** 0.000 

 Kinnow 3 63.01 0.32 0.18   

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

SD = Standard deviation 

SE = Standard error 
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4.2. Extraction of polyphenols 

 Extraction is the most crucial step for the recovery of phenolic compounds from plant 

materials. Solvent extraction is frequently employed for the isolation of bioactive compounds. 

Extraction conditions such as type of solvents significantly affect the yield as well as 

bioactivities of plant extracts (Me et al., 2007). Extraction of phenolic compounds from mango 

and kinnow mandarin peels was carried out by maceration and ultrasound-assisted extraction 

techniques with different solvents and extraction conditions. After preliminary studies, extraction 

by maceration technique was carried out by employing different solvents i.e. ethanol, methanol, 

acetone and ethyl acetate at three solvent concentrations (50%, 80%, 100%) with sample to 

solvent ratio 1:15 and extraction temperature 40 °C. As regards ultrasound-assisted extraction, 

after preliminary studies, 5g mango peel powders samples were extracted by  solvents ethanol 

and methanol at 50%, 80%, 100%  concentration level at optimal extraction conditions like 

sample to solvent ratio  1:20, extraction temperature 45 °C  and extraction time 60 minutes in the 

sonicator at 35 kHz frequency.   

 Analysis of variance for yield (%) of mango and kinnow mandarin peel extracts by 

maceration technique (Table 4.2a) showed highly significant effect(P<0.01) of peel extracts, 

solvent types, solvent concentration levels and their interactions except for peels and solvent 

concentration interaction which had significant effect (P˂0.05) on polyphenols yield.  The mean 

values for extraction yield of mango and kinnow mandarin peel extracts (Table 4.2b) revealed 

that mango peels had comparatively higher yield than kinnow mandarin peels. Highest yield 

from mango peels was obtained with the solvent methanol (22.98 ± 0.82%) while extraction with 

ethyl acetate led to lowest yield (6.90 ± 0.22%). As regards solvent concentration, extraction 

with 80% methanol had maximum yield (25.25 ± 0.48%) followed by 80% ethanol extraction 

(24.51 ± 0.65%) while lowest extraction yield (6.15 ± 0.19%) was observed in samples extracted 

with 50% ethyl acetate. In case of kinnow mandarin peels, extraction with solvent ethanol 

resulted in maximum yield (15.62 ± 0.84 %) followed by methanolic extract (12.89 ± 0.52%). 

For solvent concentration effect on kinnow peels, extraction with 80% ethanol resulted in highest 

yield (18.46 ± 0.29%) followed by 50% ethanol extraction (15.64 ± 0.55%) while lowest 

extraction yield (5.12 ± 0.28%) was recorded in samples extracted with 100% ethyl acetate. 

LSD-test for comparison of means indicated significant difference between peel extracts yield 

but mango peel extracts by employing ethyl acetate solvent were non-significant to kinnow peel 

ethyl acetate and acetone extracts. In case of solvent concentration, 50% and 80% methanolic as 
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well as ethanolic extracts were non-significant to each other but were significantly different from 

100% solvent concentration.  

 Analysis of variance for yield (%) of mango and kinnow mandarin peel extracts by 

ultrasound-assisted extraction technique (Table 4.3a) revealed highly significant effect (P<0.01) 

of peel extracts, solvent types, solvent concentrations, solvent type and concentration interaction 

as well as interaction between peel, solvent type and concentration on phenolics yield(%). 

Whereas, peel and solvent interaction as well as peel and solvent concentration had significant 

effect (P˂0.05). Data regarding mean values for mango and kinnow mandarin peel extracts yield 

by ultrasound-assisted extraction (Table 4.3b) indicated that mango peels had higher yield as 

compared to kinnow peels. Maximum yield for mango peels were observed in ethanolic extracts 

(19.45 ± 0.82%) while kinnow peel methanolic extracts had the lowest yield (15.31 ± 0.47%). As 

regards solvent concentration, mango peels extracted with 80% ethanol had the highest yield 

(22.57 ± 0.25%) whereas least yield (13.84 ± 0.36%) was recorded for kinnow mandarin peels 

extracted with 100% methanol. LSD-test for comparison of means revealed non-significant 

difference between mango peel extracts but were significantly different from kinnow mandarin 

peels methanolic and ethanolic extracts. In case of solvent concentration, 80% ethanolic extracts 

of mango peels were significantly different from other solvent concentrations of mango and 

kinnow peel extracts.  

Overall, maceration technique had comparatively more extraction yield at methanol and 

ethanol concentration levels than ultrasound-assisted extraction for mango peel extracts whereas 

ultrasound-assisted extraction technique led to more kinnow peel extract yield as compared to 

maceration.  However, solvent concentration level 80% was more effective than 50% or 100% 

solvent concentration employed during extraction of polyphenols from mango and kinnow peels. 

Variations in extraction yield among various solvents employed may be due to different 

polarities of solvents. Yield of phenolic compounds from plants are associated with the polarity, 

solubility as well as certain extraction conditions like method of extraction, nature of solvent, 

solvent concentration, extraction temperature and time (Goli et al., 2004; Naseer et al., 2014; 

Wang et al., 2008a). Polyphenols to a degree polar are generally most soluble in solvents that are 

less polar than water. Aqueous mixtures of methanol, ethanol and ethanol are widely employed 

for the extraction of polyphenols from plant materials (Tabart et al., 2007; Wang et al., 2008a). 

Ultrasound-assisted extraction has several beneficial effects on sample matrix as it may cause 

disruption of sample structure, thus improves the contact between the solvent and sample that 
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results in the release of bioactive analytes from the sample (Soria & Villamiel, 2010). Ultrasound 

assisted extraction efficiency depends on the ultrasound temperature, frequency and power; 

especially ultrasound power is affected by the ultrasound waves amplitude.  (Altemimi et al., 

2015). Results were in comparison with the findings of Kalpna et al. (2011) who observed 

maximum extraction yield (15.82%) in methanolic extracts of mango peels as compared to 

acetone, hexane and chloroform extract of mango peels. During a related study, Palmeira et al. 

(2012) reported maximum polyphenols extraction yield 33.7% was obtained from mango peels 

of “Espada” variety with 70% ethanol solvent. Likewise, Altemimi et al. (2015) reported that the 

optimum conditions for extraction yield of spinach leaves were methanol extraction for 30 min, 

extraction temperature 40 ºC, ultrasonic frequency 37 kHz and ultrasonic power 50%.  Sultana et 

al. (2008) investigated various agro wastes and observed the polyphenols extraction yield 21.5% 

from citrus peels with 80% methanol solvent. Similarly, Hegazy and Ibrahim (2012) reported the 

orange peel extract yield of 8.27% with solvent hexane and 28.32% with methanol.  
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Table 4.2a: Analysis of variance for yield (%) of mango and kinnow mandarin peels 

extracts by maceration technique  

Source of variation Degree of 

freedom 

Sum of squares Mean squares F-value 

Peel             

Treatment           

Level            

Peel x Treatment       

Peel x Level       

Treatment x Level 

Peel xTreatment x Level 

Error 

Total 

  1 

  3 

  2 

  3 

  2 

  6 

  6 

 48 

 71 

  503.77 

 2007.89 

  137.11 

  206.76 

    3.61 

   70.00 

   13.30 

   17.41 

 2959.85 

503.77 

 669.30 

  68.55 

  68.92 

   1.81 

  11.67 

   2.22 

   0.36 

1389.03** 

1845.44** 

 189.02** 

 190.03** 

   4.98* 

  32.17** 

   6.11** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

Table 4.2b: Effect of solvent type and level on the yield (%) of mango and kinnow 

mandarin peels extracts by maceration technique 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPE xMeOH 19.91 ± 0.16b 25.25 ± 0.48a 23.78 ± 0.40a 22.98 ± 0.82A 

MPE x EtOH 17.15 ± 0.27cd 24.51 ± 0.65a 23.52 ± 0.77a 21.73 ± 1.19B 

MPE x Acet 10.61 ± 0.28i 12.24 ± 0.52ghi 11.53 ± 0.33ghi 11.46 ± 0.31E 

MPE x EtAc 6.97 ± 0.23jk 7.56 ± 0.12j 6.15 ± 0.19jk  6.90 ± 0.22FG 

KPE x MeOH 10.96 ± 0.14hi 14.39 ± 0.19ef 13.33 ± 0.27fg    12.89 ± 0.52D 

KPE x EtOH 12.75 ± 0.18fgh 18.46 ± 0.29bc 15.64 ± 0.55de 15.62 ± 0.84C 

KPE x Acet 7.08 ± 0.17j 7.83 ± 0.10j 6.64 ± 0.14jk   7.19 ± 0.19F 

KPE x EtAc 5.12 ± 0.28k 7.14 ± 0.31j 6.37 ± 0.21jk   6.21 ± 0.32G 

Values are presented as mean + standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol, Acet: Acetone, EtAc: 

Ethyl Acetate 
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Table 4.3a: Analysis of variance for yield (%) of mango and kinnow mandarin peels 

extracts by ultrasound assisted technique  

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Peel             

Treatment            

Level            

Peel x Treatment       

Peel x Level       

Treatment x Level      

Peel xTreat x Level 

Error 

Total 

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

  74.304 

  14.465 

  78.619 

   3.349 

   5.059 

   7.654 

   5.611 

  11.234 

 200.296 

74.304 

14.465 

39.310 

 3.349 

 2.530 

 3.827 

 2.806 

 0.468 

158.74** 

 30.90** 

 83.98** 

  7.15* 

  5.40* 

  8.18** 

  5.99** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)  

Table 4.3b: Effect of solvent type and level on the yield (%) of mango and kinnow 

mandarin peels extracts by ultrasound assisted extraction technique 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPE xMeOH 17.32 ± 0.28c-f 20.21 ± 0.57b 18.86 ± 0.50bcd 18.80 ± 0.48A 

M PEx EtOH 18.50 ± 0.33b-e 22.57 ± 0.25a 17.29 ± 0.39c-f 19.45 ± 0.82A 

KPE x MeOH 13.84 ± 0.36h 16.78 ± 0.57efg 15.32 ± 0.26fgh 15.31 ± 0.47C 

KPE x EtOH 15.13 ± 0.45gh 19.24 ± 0.21bc 17.20 ± 0.37def 17.19 ± 0.62B 

 Values are presented as  mean+ standard  error of  triplicate analyses.  

 Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

 MPE: Mango peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol 
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4.3. Total polyphenols determination 

Maceration and UAE methods were employed for the extraction of polyphenols from 

mango and kinnow mandarin peels which were then determined by Folin-Ciocalteau reagent 

assay and expressed as mg gallic acid equivalent (GAE)/g of extract. Folin-Ciocalteau reagent 

forms blue colour complex with pheolics which are then quantified by spectrophotometer 

(Slinkard & Singleton, 1977).  

Analysis of variance for total plyphenols content of maceration technique employed 

mango and kinnow mandarin peel extracts (Table 4.4a) showed highly significant (P<0.01) effect 

of solvent types, solvent concentrations, sample to solvent ratio, extraction temperature as well 

as first order interactions of extraction temperature  x sample to solvent ratio, temperature x 

solvent type, temperature x concentration level, solvent type x concentration, sample to solvet 

ratio x solvent type and significant effect (P<0.05) on temperature x solvent concentration of 

kinnow peel extracts, whereas ratio x concentration level interaction was non-significant 

(P>0.05) for both extracts. As regards second order interaction, temperature x solvent type x 

concentration levels were highly significant, temperature x ratio x solvent type interaction was 

highly significant (P<0.01) for mango peel and significant (P<0.05) for kinnow peel extracts 

while other interactions were non-significant (P>0.05). 

The quantities of polyphenols extracted with various solvents types, concentration levels, 

sample to solvent ratio and extraction temperature from mango and kinnow mandarin peels are 

presented in table 4.4b. The effect of each factor on total polyphenol content of peel extracts by 

keeping other factors constant was statistically analyzed. It is evident from the data that ethanol 

and methanol were the most effective solvents for mango and kinnow peels respectively while 

ethyl acetate had the lowest polyphenols extraction for both peel extracts. Solvent concentration 

80%, sample to solvent ratio 1:15 and extraction temperature 40°C were the other optimum 

extraction conditions with maximum polyphenols content. Extraction temperature 30°C, solvent 

concentration 100% and sample/solvent ratio 1:10 resulted in least polyphenol content.   In case 

of mango peel extract, highest total polyphenols were determined in 80% ethanolic extracts 

(59.74 ± 0.52 mg GAE/g of extract) at 40 °C maceration extraction temperature of shaking water 

bath with 1:15 peel powder sample to solvent ratio. Lowest total polyphenols of mango peels 

were analyzed in 100% ethyl acetate extract (8.19 ± 0.12 mg GAE/g of extract) at 30 °C 

extraction temperature with 1:10 sample/ solvent ratio. As regards kinnow mandarin peel extract,  
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Table 4.4a: Analysis of variance (mean squares) for total polyphenols content of 

maceration employed mango and kinnow mandarin peels extracts  

Source of variation Degrees of 

freedom 

Mean squares 

Total Polyphenols 

(Mango) 

Total Polyphenols 

(Kinnow) 

Temp                     

Ratio                    

Treat                   

Levels                   

Temp x Ratio               

Temp x Treat              

Temp x Levels              

Ratio x Treat             

Ratio x Levels             

Treat x Levels            

Temp x Ratio x Treat        

Temp x Ratio x Levels        

Temp x Treat x Levels       

Ratio x Treat x Levels      

Temp x Ratio x Treat x Levels 

Error                    

Total                     

  1 

  2 

  3 

  2 

  2 

  3 

  2 

  6 

  4 

  6 

  6 

  4 

  6 

 12 

 12 

144 

215 

  1105.37** 

   777.89** 

 15818.34** 

   180.41** 

    26.03** 

    23.50** 

     5.33** 

    46.80** 

     0.39 

    29.55** 

    10.10** 

     1.73 

     7.28** 

     0.96 

     0.42 

     1.06 

455.50** 

 126.28** 

2257.83** 

 113.39** 

   7.64** 

  13.67** 

   1.46* 

   7.27** 

   0.79 

  29.96** 

   1.24* 

   0.49 

   4.03** 

   0.77 

   0.42 

   0.46 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.4b: Total polyphenols content of maceration employed mango and kinnow 

mandarin peels extracts  

Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

- - - 100% 32.74±1.73c 13.35±0.60c 

- - - 80% 35.78±1.88a 15.80±0.83a 

- - - 50% 35.03±1.86b 14.11±0.70b 

- - MeOH - 48.42±0.67b 21.29±0.45a 

- - EtOH - 49.37±0.68a 18.23±0.41b 

- - Acet - 25.20±0.46c 10.93±0.21c 

- - EtAc - 15.07±0.49d 7.24±0.23d 

- 1:15 - - 37.62±1.97a 15.68±0.79a 

- 1:20 - - 34.85±1.79b 14.54±0.71b 

- 1:10 - - 31.07±1.64c 13.04±0.64c 

40°C - - - 36.78±1.43a 15.88±0.61a 

30°C - - - 32.25±1.52b 12.97±0.54b 

- - MeOH 100% 45.59±1.02d 18.87±0.58c 

- - MeOH 80% 49.48±1.19b 24.13±0.61a 

- - MeOH 50% 50.20±1.00b 20.87±0.61b 

- - EtOH 100% 46.94±1.10c 16.80±0.57e 

- - EtOH 80% 51.49±1.14a 20.18±0.70b 

- - EtOH 50% 49.66±1.08b 17.72±0.59d 

- - Acet 100% 24.38±0.79f 9.93±0.36g 

- - Acet 80% 27.04±0.60e 11.57±0.35f 

- - Acet 50% 24.18±0.86f 11.29±0.27f 

- - EtAc 100% 14.05±0.89h 7.82±0.44h 

- - EtAc 80% 15.11±0.79gh 7.34±0.21h 

- - EtAc 50% 16.06±0.83g 6.57±0.46i 

- 1:15 - 100% 35.73±3.24 14.66±1.09 

- 1:15 - 80% 38.97±3.58 17.17±1.60 

- 1:15 - 50% 38.17±3.50 15.22±1.35 

- 1:20 - 100% 33.07±3.00 13.35±1.04 
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Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

- 1:20 - 80% 36.18±3.19 16.03±1.43 

- 1:20 - 50% 35.31±3.18 14.25±1.21 

- 1:10 - 100% 29.43±2.71 12.05±0.95 

- 1:10 - 80% 32.20±2.95 14.21±1.26 

- 1:10 - 50% 31.60±2.95 12.87±1.09 

- 1:15 MeOH - 52.69±0.95b 23.07±0.81a 

- 1:15 EtOH - 54.09±0.94a 20.03±0.68c 

- 1:15 Acet - 26.96±0.76e 11.80±0.40f 

- 1:15 EtAc - 16.74±0.75h 7.82±0.42i 

- 1:20 MeOH - 49.03±0.68c 21.50±0.69b 

- 1:20 EtOH - 49.39±0.62c 18.29±0.65d 

- 1:20 Acet - 25.65±0.57f 11.00±0.28g 

- 1:20 EtAc - 15.34±0.64i 7.38±0.34i 

- 1:10 MeOH - 43.55±0.56d 19.30±0.60c 

- 1:10 EtOH - 44.61±0.62d 16.37±0.50e 

- 1:10 Acet - 23.00±0.80g 9.98±0.27h 

- 1:10 EtAc - 13.13±0.93j 6.52±0.39j 

- 1:15 MeOH 100% 49.39±1.38 20.53±1.01 

- 1:15 MeOH 80% 54.11±1.78 26.27±0.98 

- 1:15 MeOH 50% 54.57±0.94 22.42±1.13 

- 1:15 EtOH 100% 51.48±1.42 18.20±0.97 

- 1:15 EtOH 80% 56.49±1.50 22.29±1.00 

- 1:15 EtOH 50% 54.32±1.49 19.60±1.03 

- 1:15 Acet 100% 26.42±1.38 11.07±0.76 

- 1:15 Acet 80% 28.35±1.24 12.51±0.65 

- 1:15 Acet 50% 26.10±1.38 11.82±0.67 

- 1:15 EtAc 100% 15.63±1.36 8.83±0.65 

- 1:15 EtAc 80% 16.92±1.31 7.60±0.48 

- 1:15 EtAc 50% 17.69±1.30 7.05±0.92 

- 1:20 MeOH 100% 46.40±1.02 18.88±0.88 
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Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

- 1:20 MeOH 80% 50.06±1.07 24.31±0.71 

- 1:20 MeOH 50% 50.61±0.71 21.31±0.80 

- 1:20 EtOH 100% 47.09±0.97 16.97±0.91 

- 1:20 EtOH 80% 51.41±0.73 20.44±1.18 

- 1:20 EtOH 50% 49.68±0.76 17.48±0.84 

- 1:20 Acet 100% 24.82±0.81 9.88±0.35 

- 1:20 Acet 80% 27.49±0.69 11.63±0.52 

- 1:20 Acet 50% 24.64±1.07 11.49±0.19 

- 1:20 EtAc 100% 13.96±1.24 7.68±0.72 

- 1:20 EtAc 80% 15.75±1.01 7.76±0.16 

- 1:20 EtAc 50% 16.31±1.01 6.70±0.71 

- 1:10 MeOH 100% 40.98±0.68 17.20±0.75 

- 1:10 MeOH 80% 44.26±0.60 21.82±0.63 

- 1:10 MeOH 50% 45.40±0.53 18.89±0.75 

- 1:10 EtOH 100% 42.26±0.94 15.22±0.82 

- 1:10 EtOH 80% 46.58±0.85 17.81±0.78 

- 1:10 EtOH 50% 45.00±0.62 16.07±0.75 

- 1:10 Acet 100% 21.91±1.29 8.84±0.38 

- 1:10 Acet 80% 25.29±0.83 10.56±0.37 

- 1:10 Acet 50% 21.82±1.61 10.55±0.27 

- 1:10 EtAc 100% 12.55±1.95 6.96±0.85 

- 1:10 EtAc 80% 12.66±1.31 6.66±0.22 

- 1:10 EtAc 50% 14.17±1.74 5.95±0.83 

40°C - - 100% 35.30±2.36c 14.96±0.85c 

40°C - - 80% 37.97±2.64a 17.12±1.25a 

40°C - - 50% 37.06±2.48b 15.55±1.01b 

30°C - - 100% 30.18±2.49e 11.75±0.76f 

30°C - - 80% 33.59±2.66d 14.48±1.07d 

30°C - - 50% 32.99±2.76d 12.68±0.93e 

40°C - MeOH - 49.90±1.02b 23.05±0.57a 
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Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

40°C - EtOH - 51.42±0.98a 20.16±0.46b 

40°C - Acet - 27.69±0.40d 11.74±0.29e 

40°C - EtAc - 18.10±0.29f 8.55±0.19g 

30°C - MeOH - 46.94±0.79c 19.53±0.53c 

30°C - EtOH - 47.32±0.77c 16.30±0.41d 

30°C - Acet - 22.71±0.49e 10.12±0.22f 

30°C - EtAc - 12.04±0.43g 5.93±0.23h 

40°C - MeOH 100% 47.61±1.53ef 20.73±0.61c 

40°C - MeOH 80% 51.61±1.93b 25.71±0.82a 

40°C - MeOH 50% 50.47±1.72bc 22.70±0.72b 

40°C - EtOH 100% 49.26±1.53cde 18.70±0.51de 

40°C - EtOH 80% 53.44±1.75a 22.30±0.73b 

40°C - EtOH 50% 51.55±1.70b 19.49±0.61d 

40°C - Acet 100% 26.90±0.73i 10.95±0.48j 

40°C - Acet 80% 29.02±0.59h 12.66±0.40i 

40°C - Acet 50% 27.15±0.58i 11.60±0.47ij 

40°C - EtAc 100% 17.44±0.32l 9.44±0.26kl 

40°C - EtAc 80% 17.80±0.63l 7.82±0.27mn 

40°C - EtAc 50% 19.07±0.40l 8.38±0.21lm 

30°C - MeOH 100% 43.57±1.05g 17.00±0.44fg 

30°C - MeOH 80% 47.34±1.09f 22.56±0.55b 

30°C - MeOH 50% 49.92±1.12bc 19.04±0.48de 

30°C - EtOH 100% 44.62±1.21g 14.89±0.48h 

30°C - EtOH 80% 49.54±1.24cd 18.05±0.67ef 

30°C - EtOH 50% 47.78±1.08def 15.94±0.58gh 

30°C - Acet 100% 21.86±0.71k 8.91±0.26lm 

30°C - Acet 80% 25.06±0.47j 10.48±0.22jk 

30°C - Acet 50% 21.22±0.78k 10.97±0.25j 

30°C - EtAc 100% 10.66±0.65n 6.20±0.34o 

30°C - EtAc 80% 12.41±0.68mn 6.85±0.24no 
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Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

30°C - EtAc 50% 13.05±0.70m 4.75±0.18p 

40°C 1:15 - - 40.56±2.76a 17.51±1.12a 

40°C 1:20 - - 36.64±2.46b 15.86±1.06b 

40°C 1:10 - - 33.14±2.09d 14.26±0.92c 

30°C 1:15 - - 34.68±2.76c 13.86±1.02c 

30°C 1:20 - - 33.07±2.59d 13.23±0.93d 

30°C 1:10 - - 29.01±2.51e 11.82±0.86e 

40°C 1:15 - 100% 38.73±4.58 16.51±1.56 

40°C 1:15 - 80% 42.11±5.17 18.84±2.39 

40°C 1:15 - 50% 40.83±4.91 17.18±1.92 

40°C 1:20 - 100% 35.18±4.23 14.81±1.52 

40°C 1:20 - 80% 37.92±4.53 17.31±2.22 

40°C 1:20 - 50% 36.82±4.35 15.44±1.77 

40°C 1:10 - 100% 32.00±3.48 13.55±1.32 

40°C 1:10 - 80% 33.88±3.99 15.22±1.92 

40°C 1:10 - 50% 33.53±3.65 14.02±1.58 

30°C 1:15 - 100% 32.73±4.60 12.81±1.37 

30°C 1:15 - 80% 35.82±5.00 15.50±2.12 

30°C 1:15 - 50% 35.51±5.09 13.27±1.80 

30°C 1:20 - 100% 30.95±4.35 11.89±1.34 

30°C 1:20 - 80% 34.44±4.62 14.75±1.81 

30°C 1:20 - 50% 33.80±4.80 13.05±1.65 

30°C 1:10 - 100% 26.85±4.16 10.56±1.28 

30°C 1:10 - 80% 30.51±4.46 13.20±1.68 

30°C 1:10 - 50% 29.67±4.73 11.71±1.50 

40°C 1:15 MeOH - 55.37±0.99b 25.33±0.86a 

40°C 1:15 EtOH - 57.28±0.80a 22.09±0.62b 

40°C 1:15 Acet - 29.89±0.31g 13.28±0.23g 

40°C 1:15 EtAc - 19.70±0.28k 9.33±0.26ij 

40°C 1:20 MeOH - 50.41±0.70c 23.07±0.80b 
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Temp Ratio Treat Level Total Polyphenols  

(MPE) 

Total Polyphenols  

(KPE) 

40°C 1:20 EtOH - 50.96±0.64c 20.36±0.67c 

40°C 1:20 Acet - 27.43±0.47h 11.55±0.37h 

40°C 1:20 EtAc - 17.76±0.30l 8.44±0.25jk 

40°C 1:10 MeOH - 43.91±0.57f 20.74±0.66c 

40°C 1:10 EtOH - 46.02±0.62e 18.04±0.42d 

40°C 1:10 Acet - 25.75±0.39hi 10.38±0.27i 

40°C 1:10 EtAc - 16.85±0.37l 7.88±0.29k 

30°C 1:15 MeOH - 50.01±1.04c 20.81±0.88c 

30°C 1:15 EtOH - 50.91±0.77c 17.97±0.73d 

30°C 1:15 Acet - 24.02±0.47ij 10.33±0.31i 

30°C 1:15 EtAc - 13.79±0.33m 6.32±0.36l 

30°C 1:20 MeOH - 47.64±1.01de 19.92±0.88c 

30°C 1:20 EtOH - 47.83±0.79d 16.23±0.54e 

30°C 1:20 Acet - 23.86±0.60j 10.45±0.35hi 

30°C 1:20 EtAc - 12.92±0.45m 6.32±0.38l 

30°C 1:10 MeOH - 43.18±0.99f 17.86±0.77d 

30°C 1:10 EtOH - 43.21±0.87f 14.69±0.42f 

30°C 1:10 Acet - 20.25±0.82k 9.58±0.44ij 

30°C 1:10 EtAc - 9.40±0.32n 5.16±0.33l 

40°C 1:15 MeOH 100% 52.21±1.08 22.77±0.15 

40°C 1:15 MeOH 80% 57.80±1.08 28.40±0.42 

40°C 1:15 MeOH 50% 56.10±1.14 24.82±0.72 

40°C 1:15 EtOH 100% 54.57±0.51 20.29±0.29 

40°C 1:15 EtOH 80% 59.74±0.52 24.36±0.32 

40°C 1:15 EtOH 50% 57.52±0.63 21.63±0.43 

40°C 1:15 Acet 100% 29.48±0.22 12.71±0.11 

40°C 1:15 Acet 80% 31.06±0.15 13.94±0.23 

40°C 1:15 Acet 50% 29.13±0.10 13.18±0.44 

40°C 1:15 EtAc 100% 18.66±0.07 10.26±0.11 

40°C 1:15 EtAc 80% 19.85±0.11 8.64±0.25 



73 
 

40°C 1:15 EtAc 50% 20.59±0.08 9.08±0.12 

40°C 1:20 MeOH 100% 48.49±0.61 20.63±0.64 

40°C 1:20 MeOH 80% 52.09±1.03 25.74±0.35 

40°C 1:20 MeOH 50% 50.65±1.07 22.85±0.78 

40°C 1:20 EtOH 100% 49.01±0.73 18.89±0.16 

40°C 1:20 EtOH 80% 52.72±0.63 23.02±0.17 

40°C 1:20 EtOH 50% 51.14±0.67 19.17±0.20 

40°C 1:20 Acet 100% 26.49±0.62 10.53±0.40 

40°C 1:20 Acet 80% 28.87±0.47 12.66±0.48 

40°C 1:20 Acet 50% 26.92±0.61 11.48±0.37 

40°C 1:20 EtAc 100% 16.73±0.17 9.21±0.47 

40°C 1:20 EtAc 80% 17.98±0.32 7.84±0.08 

40°C 1:20 EtAc 50% 18.56±0.25 8.27±0.23 

40°C 1:10 MeOH 100% 42.13±0.63 18.80±0.38 

40°C 1:10 MeOH 80% 44.95±0.92 22.98±0.66 

40°C 1:10 MeOH 50% 44.66±0.52 20.44±0.46 

40°C 1:10 EtOH 100% 44.21±0.61 16.92±0.31 

40°C 1:10 EtOH 80% 47.87±0.68 19.53±0.13 

40°C 1:10 EtOH 50% 45.98±0.63 17.67±0.48 

40°C 1:10 Acet 100% 24.74±0.48 9.61±0.23 

40°C 1:10 Acet 80% 27.12±0.15 11.38±0.07 

40°C 1:10 Acet 50% 25.40±0.26 10.16±0.12 

40°C 1:10 EtAc 100% 16.92±0.17 8.85±0.16 

40°C 1:10 EtAc 80% 15.58±0.28 6.99±0.34 

40°C 1:10 EtAc 50% 18.06±0.10 7.80±0.14 

30°C 1:15 MeOH 100% 46.57±0.67 18.28±0.19 

30°C 1:15 MeOH 80% 50.42±1.04 24.14±0.20 

30°C 1:15 MeOH 50% 53.05±0.87 20.02±0.35 

30°C 1:15 EtOH 100% 48.38±0.55 16.12±0.56 

30°C 1:15 EtOH 80% 53.23±0.64 20.23±0.82 

30°C 1:15 EtOH 50% 51.11±0.65 17.57±0.99 

30°C 1:15 Acet 100% 23.36±0.28 9.44±0.42 
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30°C 1:15 Acet 80% 25.64±0.54 11.09±0.11 

30°C 1:15 Acet 50% 23.07±0.56 10.46±0.49 

30°C 1:15 EtAc 100% 12.59±0.09 7.39±0.14 

30°C 1:15 EtAc 80% 13.98±0.13 6.55±0.10 

30°C 1:15 EtAc 50% 14.80±0.08 5.01±0.23 

30°C 1:20 MeOH 100% 44.31±0.71 17.12±0.60 

30°C 1:20 MeOH 80% 48.03±0.70 22.88±0.57 

30°C 1:20 MeOH 50% 50.58±1.16 19.77±0.48 

30°C 1:20 EtOH 100% 45.17±0.71 15.04±0.66 

30°C 1:20 EtOH 80% 50.10±0.74 17.85±0.54 

30°C 1:20 EtOH 50% 48.22±0.56 15.79±0.77 

30°C 1:20 Acet 100% 23.14±0.22 9.23±0.12 

30°C 1:20 Acet 80% 26.10±0.49 10.61±0.28 

30°C 1:20 Acet 50% 22.35±0.29 11.50±0.18 

30°C 1:20 EtAc 100% 11.19±0.17 6.16±0.11 

30°C 1:20 EtAc 80% 13.51±0.12 7.67±0.34 

30°C 1:20 EtAc 50% 14.07±0.17 5.14±0.09 

30°C 1:10 MeOH 100% 39.83±0.78 15.59±0.28 

30°C 1:10 MeOH 80% 43.57±0.68 20.65±0.42 

30°C 1:10 MeOH 50% 46.14±0.76 17.33±0.43 

30°C 1:10 EtOH 100% 40.32±0.56 13.52±0.60 

30°C 1:10 EtOH 80% 45.29±1.22 16.08±0.12 

30°C 1:10 EtOH 50% 44.01±0.73 14.47±0.10 

30°C 1:10 Acet 100% 19.07±0.25 8.06±0.25 

30°C 1:10 Acet 80% 23.45±0.26 9.74±0.09 

30°C 1:10 Acet 50% 18.23±0.11 10.95±0.43 

30°C 1:10 EtAc 100% 8.19±0.12 5.06±0.12 

30°C 1:10 EtAc 80% 9.73±0.11 6.32±0.16 

30°C 1:10 EtAc 50% 10.28±0.19 4.11±0.13 

Values are presented as mean ± standard error of triplicate analyses.                                               

MPE: Mango peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol,      

EtAc: Ethyl acetate, Ace: Acetone     
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maximum polyphenols were recorded in 80% methanolic extracts (28.40 ± 0.42 mg GAE/g of 

extract) at 40°C extraction temperature with 1:15 sample/solvent ratio followed by 50% 

methanolic extract (24.82 ± 0.72 mg GAE/g of extract) while minimum polyphenol content was 

observed in 50% ethyl acetate extract (4.11± 0.13 mg GAE/g of extract) at 30°C extraction 

temperature with 1:10 sample to solvent ratio. LSD-test shows that there were significant 

differences between total polyphenols content means of all solvents types, concentration levels, 

sample to solvent ratios and extraction temperature for mango and kinnow peel extracts. 

Analysis of variance for total plyphenols content of ultrasound-assisted extraction 

technique employed mango peel extracts at three extraction temperatures i.e. 35°C, 45°C and 

55°C (Table 4.5a) showed highly significant(P<0.01) effect of solvent types, solvent 

concentrations, sample to solvent ratio, extraction time as well as first order interactions of 

solvent type x concentration level, type of solvent x sample to solvent ratio,solvent concentration 

x ratio(at 45°C),  time x ratio on total polyphenol content. As regards second order interaction, 

highly significant effect of solvent type x concentration x ratio at extraction temperature 45°C, 

significant  at 45°C while all other interactions had non-signicant (P>0.05) effect.  

The quantities of polyphenols extracted with various solvents types, concentration levels, 

sample to solvent ratio and extraction time at three extraction temperatures such as 35°C, 45°C 

and 55°C from mango peels are presented in table 4.5b. The effect of each factor on total 

polyphenol content of peel extracts by keeping other factors constant was statistically analyzed. 

As evident from the data ethanol was comparatively efficient extraction solvent than methanol 

for total polyphenol content determination. Highest total polyphenols were observed in 80% 

ethanolic extracts (67.58 ± 1.15 mg GAE/g of extract) at sample to solvent ratio 1:20, extraction 

time 60 min and extraction temperature 45°C were the other optimum extraction conditions with 

maximum polyphenols content. Lowest polyphenols content were analyzed in 100% methanolic 

extract (26.86 ± 0.95 mg GAE/g of extract) at sample to solvent ratio 1:10, extraction time 50 

min and extraction temperature 35 °C. LSD-test reveals that solvent types and sample to solvent 

ratios had significant differences at all extraction temperatures. There were non-significant 

differences between 50% and 80% solvent concentration levels but were significantly different 

from 100 solvent concentration at extraction temperatures 35 °C, 45 °C and 55 °C. Total 

polyphenols content of mango peel extracts obtained by ultrasound assisted extraction was 

13.12% more than polyphenols extracted through maceration technique at 80% ethanol solvent 

concentration. 
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Table 4.5a: Analysis of variance (mean squares) for total polyphenols content of ultrasound 

assisted technique employed mango peels extracts at different temperatures  

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

Total Polyphenols  

35°C 

Total Polyphenols 

45°C 

Total Polyphenols  

55°C 

Treat (T)                

Level (L)                

Ratio (R) 

Min                   

T x L 

T x R           

T x Min             

L x R           

L x Min             

R x Min             

T x L x R     

T x L x Min       

T x R x Min       

Lx R x Min       

T x L x R x Min 

Error                 

Total                 

  1 

  2 

  2 

  3 

  2 

  2 

  3 

  4 

  6 

  6 

  4 

  6 

  6 

 12 

 12 

144 

215 

824.81** 

 172.96** 

4777.28** 

 119.13** 

  47.64** 

  85.99** 

   5.05
NS

 

   2.69
NS

 

   2.04
NS

 

   8.02** 

   7.43* 

   2.10
NS

 

   4.24
NS

 

   2.58
NS

 

   2.02
NS

 

   2.18 

2376.86** 

 203.34** 

3421.46** 

 280.99** 

 117.73** 

 319.58** 

   3.10
NS

 

  17.44** 

   3.48
NS

 

  32.61** 

  32.24** 

   1.67
NS

 

   2.55
NS

 

   0.94
NS

 

   0.78
NS

 

   3.48 

1156.16** 

 186.08** 

5015.56** 

 201.75** 

  61.38** 

 153.36** 

  11.25
NS

 

  16.40
NS

 

   2.29
NS

 

  21.47* 

  19.86
NS

 

   1.56
NS

 

  11.25
NS

 

   1.34
NS

 

   2.39
NS

 

   8.32 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.5b: Total polyphenols content of ultrasound assisted technique employed mango 

peels extracts at different extraction temperatures 

Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

- - - 40 min 37.86±1.02b 44.52±0.79d 42.93±0.89c 

- - - 50 min 37.90±1.00b 47.46±0.98c 45.23±1.06b 

- - - 60 min 40.39±1.03a 49.89±1.11a 47.29±1.26a 

- - - 70 min 40.51±0.97a 48.55±1.09b 46.64±1.13ab 

- - 1:20 - 45.84±0.48a 54.59±0.82a 52.74±0.68a 

- - 1:15 - 41.57±0.38b 47.43±0.56b 47.44±0.51b 

- - 1:10 - 30.09±0.29c 40.80±0.28c 36.38±0.32c 

- 100% - - 37.38±0.81b 45.68±0.77b 43.68±0.89b 

- 80% - - 39.99±0.92a 48.77±1.00a 46.22±1.03a 

- 50% - - 40.13±0.87a 48.37±0.86a 46.66±0.93a 

MeOH - - - 37.21±0.61b 44.29±0.47b 43.21±0.62b 

EtOH - - - 41.12±0.77a 50.92±0.80a 47.84±0.86a 

- - 1:20 40 min 44.49±1.09c 49.84±1.22c 49.06±0.73c 

- - 1:20 50 min 45.14±0.82bc 54.01±1.43b 52.55±1.19ab 

- - 1:20 60 min 46.57±0.94ab 57.96±1.69a 55.34±1.51a 

- - 1:20 70 min 47.15±0.88a 56.53±1.62a 54.01±1.48a 

- - 1:15 40 min 40.46±0.58e 44.13±0.99d 44.66±0.73d 

- - 1:15 50 min 39.66±0.58e 48.10±1.05c 46.98±0.78cd 

- - 1:15 60 min 43.73±0.69cd 49.46±1.08c 50.01±1.01bc 

- - 1:15 70 min 42.42±0.82d 48.03±1.06c 48.10±1.15c 

- - 1:10 40 min 28.63±0.45g 39.60±0.53f 35.05±0.56e 

- - 1:10 50 min 28.89±0.52g 40.28±0.55ef 36.16±0.51e 

- - 1:10 60 min 30.86±0.51f 42.24±0.48de 36.52±0.62e 

- - 1:10 70 min 31.97±0.42f 41.08±0.55ef 37.80±0.70e 

- 100% - 40 min 36.29±1.50 43.22±1.18 41.40±1.52 

- 100% - 50 min 35.89±1.68 45.18±1.55 43.45±1.67 

- 100% - 60 min 38.31±1.69 47.72±1.67 45.19±2.11 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

- 100% - 70 min 39.02±1.62 46.59±1.63 44.68±1.77 

- 80% - 40 min 38.86±1.83 45.37±1.58 43.69±1.60 

- 80% - 50 min 38.64±1.85 48.50±1.86 45.49±2.05 

- 80% - 60 min 41.22±1.97 51.37±2.19 48.26±2.34 

- 80% - 70 min 41.22±1.79 49.84±2.19 47.43±2.18 

- 50% - 40 min 38.43±1.98 44.97±1.33 43.68±1.52 

- 50% - 50 min 39.16±1.65 48.71±1.65 46.75±1.77 

- 50% - 60 min 41.64±1.66 50.57±1.88 48.42±2.10 

- 50% - 70 min 41.29±1.63 49.21±1.82 47.80±1.92 

- 100% 1:20 - 43.74±0.67 51.61±1.26b 50.03±0.94 

- 100% 1:15 - 39.69±0.48 46.39±0.49d 46.48±0.69 

- 100% 1:10 - 28.69±0.33 39.04±0.43f 34.53±0.49 

- 80% 1:20 - 46.84±0.88 56.31±1.56a 54.25±1.26 

- 80% 1:15 - 42.54±0.82 48.23±1.38c 47.45±1.18 

- 80% 1:10 - 30.57±0.52 41.77±0.53e 36.96±0.51 

- 50% 1:20 - 46.93±0.78 55.83±1.27a 53.95±1.16 

- 50% 1:15 - 42.47±0.46 47.67±0.85cd 48.38±0.68 

- 50% 1:10 - 31.00±0.49 41.60±0.28e 37.66±0.44 

- 100% 1:20 40 min 41.97±1.45 47.93±1.84 47.32±1.10 

- 100% 1:20 50 min 43.13±0.90 50.90±2.48 49.41±1.59 

- 100% 1:20 60 min 44.33±1.27 54.29±2.94 52.31±2.26 

- 100% 1:20 70 min 45.55±1.53 53.32±2.46 51.09±2.11 

- 100% 1:15 40 min 38.63±0.44 43.56±0.48 43.45±0.93 

- 100% 1:15 50 min 37.59±0.83 46.45±1.12 46.34±1.01 

- 100% 1:15 60 min 41.62±0.69 48.35±0.51 49.05±1.33 

- 100% 1:15 70 min 40.93±0.81 47.19±0.51 47.09±1.40 

- 100% 1:10 40 min 28.26±0.35 38.19±1.02 33.44±1.04 

- 100% 1:10 50 min 26.95±0.31 38.19±0.52 34.61±0.75 

- 100% 1:10 60 min 28.99±0.39 40.54±0.72 34.21±1.14 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

- 100% 1:10 70 min 30.58±0.54 39.25±0.92 35.87±0.89 

- 80% 1:20 40 min 45.35±1.77 51.25±2.42 50.41±1.07 

- 80% 1:20 50 min 46.15±1.79 55.41±2.67 54.00±2.23 

- 80% 1:20 60 min 47.86±1.86 60.22±3.30 57.07±3.03 

- 80% 1:20 70 min 48.01±1.80 58.37±3.45 55.51±3.00 

- 80% 1:15 40 min 41.84±1.31 44.46±2.62 44.68±1.71 

- 80% 1:15 50 min 40.55±1.06 48.76±2.61 46.60±2.06 

- 80% 1:15 60 min 44.89±1.66 50.62±2.88 50.29±2.55 

- 80% 1:15 70 min 42.88±2.19 49.10±2.98 48.25±2.94 

- 80% 1:10 40 min 29.40±1.05 40.41±0.94 35.99±1.05 

- 80% 1:10 50 min 29.21±0.92 41.33±1.15 35.87±0.69 

- 80% 1:10 60 min 30.90±0.80 43.27±0.93 37.43±0.66 

- 80% 1:10 70 min 32.78±0.86 42.06±1.08 38.54±1.35 

- 50% 1:20 40 min 46.14±2.23 50.33±2.16 49.45±1.46 

- 50% 1:20 50 min 46.15±1.27 55.73±2.13 54.23±1.99 

- 50% 1:20 60 min 47.53±1.58 59.37±2.35 56.65±2.49 

- 50% 1:20 70 min 47.89±1.21 57.91±2.39 55.45±2.54 

- 50% 1:15 40 min 40.92±0.67 44.39±1.65 45.86±1.03 

- 50% 1:15 50 min 40.83±0.57 49.08±1.56 48.02±0.79 

- 50% 1:15 60 min 44.69±0.52 49.41±1.69 50.69±1.33 

- 50% 1:15 70 min 43.44±0.81 47.79±1.40 48.97±1.59 

- 50% 1:10 40 min 28.24±0.84 40.21±0.62 35.73±0.43 

- 50% 1:10 50 min 30.51±0.71 41.33±0.34 38.01±0.69 

- 50% 1:10 60 min 32.69±0.69 42.93±0.31 37.94±0.69 

- 50% 1:10 70 min 32.55±0.43 41.93±0.21 38.98±1.10 

MeOH - - 40 min 35.99±1.24 41.49±0.67 41.17±1.13 

MeOH - - 50 min 36.34±1.25 44.25±0.89 43.10±1.24 

MeOH - - 60 min 38.23±1.24 46.39±1.00 44.55±1.38 

MeOH - - 70 min 38.28±1.10 45.01±0.91 44.01±1.18 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

EtOH - - 40 min 39.74±1.56 47.55±1.18 44.68±1.31 

EtOH - - 50 min 39.45±1.52 50.67±1.53 47.36±1.63 

EtOH - - 60 min 42.54±1.55 53.38±1.76 50.03±1.99 

EtOH - - 70 min 42.74±1.49 52.08±1.75 49.27±1.81 

MeOH - 1:20 - 42.66±0.34b 49.19±0.58c 49.02±0.53b 

MeOH - 1:15 - 39.98±0.38c 44.06±0.47d 45.02±0.56c 

MeOH - 1:10 - 29.00±0.33e 39.62±0.34f 35.58±0.48d 

EtOH - 1:20 - 49.02±0.48a 59.98±0.85a 56.46±0.90a 

EtOH - 1:15 - 43.15±0.55b 50.80±0.65b 49.86±0.64b 

EtOH - 1:10 - 31.18±0.39d 41.98±0.36e 37.19±0.37d 

MeOH - 1:20 40 min 41.03±0.71 45.22±0.39 47.03±0.60 

MeOH - 1:20 50 min 42.48±0.57 48.79±0.91 49.21±1.00 

MeOH - 1:20 60 min 43.17±0.52 52.24±1.03 50.55±1.19 

MeOH - 1:20 70 min 43.93±0.57 50.52±0.72 49.31±1.15 

MeOH - 1:15 40 min 39.54±0.54 41.02±0.85 42.58±0.73 

MeOH - 1:15 50 min 38.62±0.77 44.89±0.85 44.78±0.95 

MeOH - 1:15 60 min 41.92±0.70 45.83±0.69 47.27±1.09 

MeOH - 1:15 70 min 39.84±0.68 44.47±0.53 45.48±1.22 

MeOH - 1:10 40 min 27.38±0.44 38.24±0.64 33.91±0.71 

MeOH - 1:10 50 min 27.92±0.43 39.08±0.55 35.31±0.74 

MeOH - 1:10 60 min 29.61±0.53 41.11±0.61 35.85±1.06 

MeOH - 1:10 70 min 31.06±0.42 40.04±0.63 37.24±1.09 

EtOH - 1:20 40 min 47.94±1.26 54.46±0.89 51.10±0.94 

EtOH - 1:20 50 min 47.81±0.87 59.24±1.01 55.89±1.49 

EtOH - 1:20 60 min 49.97±0.79 63.68±1.70 60.14±1.59 

EtOH - 1:20 70 min 50.37±0.59 62.54±1.26 58.72±1.58 

EtOH - 1:15 40 min 41.38±0.97 47.24±1.00 46.75±0.80 

EtOH - 1:15 50 min 40.69±0.75 51.30±1.20 49.19±0.68 

EtOH - 1:15 60 min 45.54±0.84 53.09±1.10 52.75±1.11 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

EtOH - 1:15 70 min 44.99±0.85 51.58±1.17 50.73±1.54 

EtOH - 1:10 40 min 29.88±0.55 40.96±0.58 36.20±0.70 

EtOH - 1:10 50 min 29.86±0.85 41.48±0.78 37.01±0.63 

EtOH - 1:10 60 min 32.11±0.66 43.38±0.54 37.20±0.60 

EtOH - 1:10 70 min 32.87±0.61 42.11±0.78 38.35±0.89 

MeOH 100% - - 35.94±0.96e 43.25±0.74e 41.74±1.12c 

MeOH 80% - - 37.09±1.07d 43.99±0.82e 42.85±1.05c 

MeOH 50% - - 38.59±1.10c 45.63±0.82d 45.03±1.02b 

EtOH 100% - - 38.81±1.27c 48.11±1.23c 45.63±1.32b 

EtOH 80% - - 42.88±1.36a 53.55±1.44a 49.58±1.60a 

EtOH 50% - - 41.67±1.31b 51.10±1.38b 48.30±1.51a 

MeOH 100% - 40 min 35.13±1.68 41.07±1.22 39.96±2.09 

MeOH 100% - 50 min 34.82±2.13 42.60±1.48 41.73±2.16 

MeOH 100% - 60 min 36.61±2.13 45.28±1.57 42.85±2.78 

MeOH 100% - 70 min 37.21±1.97 44.04±1.51 42.42±2.13 

MeOH 80% - 40 min 36.31±2.35 41.23±1.33 41.26±2.14 

MeOH 80% - 50 min 36.15±2.21 43.98±1.52 42.43±2.23 

MeOH 80% - 60 min 38.24±2.33 46.15±1.81 44.26±2.26 

MeOH 80% - 70 min 37.68±1.91 44.58±1.71 43.47±2.00 

MeOH 50% - 40 min 36.52±2.55 42.17±1.00 42.29±1.79 

MeOH 50% - 50 min 38.04±2.30 46.18±1.57 45.14±2.14 

MeOH 50% - 60 min 39.85±2.12 47.74±1.89 46.55±2.22 

MeOH 50% - 70 min 39.95±1.93 46.43±1.59 46.13±2.02 

EtOH 100% - 40 min 37.44±2.52 45.38±1.80 42.85±2.23 

EtOH 100% - 50 min 36.95±2.67 47.76±2.51 45.18±2.55 

EtOH 100% - 60 min 40.01±2.62 50.17±2.81 47.53±3.14 

EtOH 100% - 70 min 40.83±2.54 49.14±2.72 46.95±2.75 

EtOH 80% - 40 min 41.42±2.65 49.51±2.15 46.13±2.21 

EtOH 80% - 50 min 41.12±2.85 53.02±2.69 48.55±3.25 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

EtOH 80% - 60 min 44.20±2.98 56.59±3.21 52.27±3.77 

EtOH 80% - 70 min 44.77±2.63 55.10±3.23 51.39±3.50 

EtOH 50% - 40 min 40.34±3.04 47.77±2.14 45.06±2.48 

EtOH 50% - 50 min 40.28±2.44 51.24±2.75 48.36±2.83 

EtOH 50% - 60 min 43.42±2.53 53.40±3.06 50.29±3.60 

EtOH 50% - 70 min 42.63±2.68 51.99±3.11 49.47±3.31 

MeOH 100% 1:20 - 41.07±0.45ef 46.56±0.70ef 46.96±0.76 

MeOH 100% 1:15 - 38.45±0.53g 45.37±0.66efg 45.07±0.93 

MeOH 100% 1:10 - 28.31±0.36i 37.81±0.50k 33.19±0.61 

MeOH 80% 1:20 - 43.01±0.52de 49.94±0.76cd 49.74±0.73 

MeOH 80% 1:15 - 39.49±0.57fg 42.30±0.78hij 43.00±0.88 

MeOH 80% 1:10 - 28.79±0.50i 39.72±0.38jk 35.82±0.65 

MeOH 50% 1:20 - 43.89±0.48cd 51.07±1.08c 50.37±0.98 

MeOH 50% 1:15 - 42.00±0.44de 44.50±0.76fgh 47.01±0.81 

MeOH 50% 1:10 - 29.89±0.72i 41.32±0.41ij 37.72±0.70 

EtOH 100% 1:20 - 46.42±0.61b 56.66±1.21b 53.10±1.17 

EtOH 100% 1:15 - 40.93±0.63ef 47.40±0.63de 47.90±0.88 

EtOH 100% 1:10 - 29.08±0.55i 40.27±0.51jk 35.87±0.54 

EtOH 80% 1:20 - 50.68±0.51a 62.68±1.50a 58.76±1.55 

EtOH 80% 1:15 - 45.59±0.90bc 54.17±0.98b 51.91±1.21 

EtOH 80% 1:10 - 32.36±0.55h 43.81±0.51ghi 38.09±0.66 

EtOH 50% 1:20 - 49.97±0.77a 60.60±1.22a 57.53±1.52 

EtOH 50% 1:15 - 42.93±0.81de 50.84±0.76c 49.76±0.96 

EtOH 50% 1:10 - 32.10±0.52h 41.87±0.38hij 37.61±0.55 

MeOH 100% 1:20 40 min 39.10±0.40 43.88±0.60 45.46±0.38 

MeOH 100% 1:20 50 min 41.18±0.47 45.37±0.00 46.79±1.39 

MeOH 100% 1:20 60 min 41.54±0.10 49.13±1.29 48.47±2.16 

MeOH 100% 1:20 70 min 42.45±1.05 47.86±0.51 47.13±1.95 

MeOH 100% 1:15 40 min 37.75±0.43 42.82±0.32 42.31±1.63 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

MeOH 100% 1:15 50 min 36.43±0.70 45.27±2.04 44.76±1.48 

MeOH 100% 1:15 60 min 40.15±0.30 47.27±0.16 47.65±2.23 

MeOH 100% 1:15 70 min 39.48±1.03 46.12±0.09 45.55±1.40 

MeOH 100% 1:10 40 min 28.54±0.70 36.51±1.28 32.11±1.06 

MeOH 100% 1:10 50 min 26.86±0.95 37.16±0.10 33.62±1.21 

MeOH 100% 1:10 60 min 28.13±0.06 39.45±1.18 32.45±1.30 

MeOH 100% 1:10 70 min 29.71±0.12 38.13±0.08 34.59±1.41 

MeOH 80% 1:20 40 min 41.79±1.72 46.13±0.13 48.54±0.57 

MeOH 80% 1:20 50 min 42.39±0.85 49.64±0.02 49.84±1.89 

MeOH 80% 1:20 60 min 43.87±0.69 52.86±0.51 50.93±1.89 

MeOH 80% 1:20 70 min 43.98±0.04 51.13±0.26 49.64±1.66 

MeOH 80% 1:15 40 min 39.91±0.06 39.14±1.78 41.24±0.44 

MeOH 80% 1:15 50 min 38.28±0.68 43.09±0.21 42.18±1.23 

MeOH 80% 1:15 60 min 41.62±1.38 44.39±1.64 45.21±2.18 

MeOH 80% 1:15 70 min 38.14±0.87 42.58±0.32 43.37±2.47 

MeOH 80% 1:10 40 min 27.22±0.75 38.43±0.16 33.98±1.24 

MeOH 80% 1:10 50 min 27.78±0.69 39.22±0.12 35.27±1.29 

MeOH 80% 1:10 60 min 29.22±0.57 41.21±0.24 36.62±1.06 

MeOH 80% 1:10 70 min 30.92±0.24 40.02±0.97 37.41±1.27 

MeOH 50% 1:20 40 min 42.21±0.30 45.64±0.03 47.08±1.24 

MeOH 50% 1:20 50 min 43.86±1.07 51.35±0.60 50.98±1.34 

MeOH 50% 1:20 60 min 44.11±0.87 54.71±1.61 52.24±2.22 

MeOH 50% 1:20 70 min 45.37±0.79 52.57±0.25 51.16±2.29 

MeOH 50% 1:15 40 min 40.97±0.77 41.11±1.42 44.18±1.13 

MeOH 50% 1:15 50 min 41.14±0.77 46.31±1.30 47.39±0.53 

MeOH 50% 1:15 60 min 43.98±0.38 45.83±0.92 48.94±1.04 

MeOH 50% 1:15 70 min 41.91±0.13 44.73±0.12 47.51±2.37 

MeOH 50% 1:10 40 min 26.39±0.23 39.77±0.79 35.62±0.49 

MeOH 50% 1:10 50 min 29.13±0.30 40.87±0.31 37.04±0.67 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

MeOH 50% 1:10 60 min 31.47±0.37 42.66±0.64 38.48±1.12 

MeOH 50% 1:10 70 min 32.56±0.09 41.98±0.35 39.72±2.03 

EtOH 100% 1:20 40 min 44.84±1.44 51.98±0.30 49.19±1.57 

EtOH 100% 1:20 50 min 45.07±0.15 56.43±0.51 52.03±1.97 

EtOH 100% 1:20 60 min 47.12±0.51 59.45±3.85 56.16±2.49 

EtOH 100% 1:20 70 min 48.66±0.97 58.78±0.27 55.04±1.68 

EtOH 100% 1:15 40 min 39.52±0.10 44.29±0.72 44.59±0.62 

EtOH 100% 1:15 50 min 38.75±1.27 47.63±0.81 47.91±0.62 

EtOH 100% 1:15 60 min 43.08±0.40 49.42±0.32 50.46±1.38 

EtOH 100% 1:15 70 min 42.37±0.36 48.27±0.37 48.64±2.33 

EtOH 100% 1:10 40 min 27.98±0.24 39.86±0.88 34.77±1.58 

EtOH 100% 1:10 50 min 27.04±0.39 39.21±0.56 35.59±0.62 

EtOH 100% 1:10 60 min 29.84±0.14 41.63±0.15 35.97±1.32 

EtOH 100% 1:10 70 min 31.45±0.83 40.37±1.73 37.16±0.59 

EtOH 80% 1:20 40 min 48.91±0.27 56.37±1.74 52.27±1.38 

EtOH 80% 1:20 50 min 49.91±1.07 61.18±1.55 58.16±2.01 

EtOH 80% 1:20 60 min 51.85±0.98 67.58±1.15 63.21±2.12 

EtOH 80% 1:20 70 min 52.04±0.17 65.60±2.64 61.37±2.78 

EtOH 80% 1:15 40 min 43.78±2.19 49.78±1.69 48.12±1.59 

EtOH 80% 1:15 50 min 42.81±0.07 54.42±1.40 51.01±0.36 

EtOH 80% 1:15 60 min 48.16±1.11 56.86±0.19 55.37±1.43 

EtOH 80% 1:15 70 min 47.62±0.87 55.61±1.40 53.13±3.63 

EtOH 80% 1:10 40 min 31.57±0.44 42.38±0.67 37.99±0.02 

EtOH 80% 1:10 50 min 30.65±1.30 43.45±1.48 36.46±0.57 

EtOH 80% 1:10 60 min 32.58±0.24 45.32±0.21 38.23±0.66 

EtOH 80% 1:10 70 min 34.64±0.46 44.10±0.88 39.67±2.50 

EtOH 50% 1:20 40 min 50.07±3.06 55.02±1.16 51.83±1.86 

EtOH 50% 1:20 50 min 48.44±1.33 60.10±1.81 57.47±2.73 

EtOH 50% 1:20 60 min 50.95±0.02 64.02±1.80 61.05±2.57 
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Treat Level Ratio Min Total 

Polyphenols 

35°C 

Total 

Polyphenols   

45°C 

Total 

Polyphenols   

55°C 

EtOH 50% 1:20 70 min 50.41±0.57 63.25±0.21 59.75±2.91 

EtOH 50% 1:15 40 min 40.86±1.29 47.66±0.97 47.53±1.10 

EtOH 50% 1:15 50 min 40.52±0.96 51.85±1.69 48.64±1.56 

EtOH 50% 1:15 60 min 45.39±0.83 52.98±0.81 52.43±2.17 

EtOH 50% 1:15 70 min 44.96±0.98 50.86±0.65 50.42±2.20 

EtOH 50% 1:10 40 min 30.08±0.21 40.64±1.06 35.83±0.81 

EtOH 50% 1:10 50 min 31.89±0.71 41.78±0.51 38.98±1.00 

EtOH 50% 1:10 60 min 33.91±0.88 43.19±0.12 37.39±0.92 

EtOH 50% 1:10 70 min 32.53±0.95 41.87±0.30 38.23±1.19 

Values are presented as mean ± standard error of triplicate analyses. MeOH: Methanol, EtOH: 

Ethanol, EtAc: Ethyl acetate, Ace: Acetone 
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Analysis of variance for total plyphenols content of ultrasound-assisted extraction 

technique employed kinnow mandarin peel extracts at three extraction temperatures i.e. 35°C, 

45°C and 55°C (Table 4.6a) revealed highly significant (P<0.01) effect of solvent types, solvent 

concentrations, sample to solvent ratio, extraction time as well as first order interactions of 

solvent type x concentration level, type of solvent x sample to solvent ratio,solvent concentration 

x ratio,  time x ratio, solvent type x time (at 45°C). As regards second order interaction, solvent 

type x concentration x ratio had highly significant effect, concentration level x ratio x time had 

highly significant effect on polyphenol content only at extraction temperature 55°C whereas all 

other interactions were non-signicant (P>0.05).    

The quantities of polyphenols extracted with various solvents types, concentration levels, 

sample to solvent ratio and extraction time at three extraction temperatures i.e. 35°C, 45°C and 

55°C from kinnow mandarin peels are presented in table 4.6b. The effect of each factor on total 

polyphenol content of peel extracts by keeping other factors constant was statistically analyzed. 

As apparent from the data methanol was comparatively more efficient extraction solvent than 

ethanol for total polyphenol content determination. Maximum polyphenols were extracted with 

80% methanol (32.48 ± 0.77 mg GAE/g of extract)sample to solvent ratio 1:20, extraction time 

60 min at sonicator temperature 45°C,  while 80% ethanolic extracts  had minimum phenolics 

(9.03 ± 0.16 mg GAE/g of extract) at sample to solvent ratio 1:10, extraction time 40 min at 

sonicator temperature 35°C. Ultrasound-assisted extraction temperatrure 45°C yielded kinnow 

peel extracts with comparatively higher polyphenol content followed by extraction temperature 

than other extraction temperatures 55°C while ultrasonic extraction temperature 35°C resulted in 

peel extracts with lowest polyphenols. LSD-test showed that solvent types, solvent concentration 

extraction time and sample to solvent ratios had significant differences at all extraction 

temperatures.Total polyphenols content of kinnow mandarin peel extracts obtained by ultrasound 

assisted extraction was 14.37% more than polyphenols extracted through maceration technique at 

80% ethanol solvent concentration. Petigny et al. (2013) employed maceration and UAE 

methods for the extraction of polyphenols from boldo leaves and observed 20% more 

polyphenolic content extracted through UAE than maceration. Likewise, UAE and maceration 

techniques were compared by Quiroz-Reyes et al. (2013) for the extraction of phenolic 

compounds from cocoa beans and reported 50% more polyphenol content extracted by UAE than 

maceration.  
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Due to ultrasonic cavitation phenomenon of UAE, the cavitation generates currents in the 

solvent which leads to elevate the mass transfer rate between the sample material and the solvent 

medium (Da Porto & Decorti, 2009) causing mechanical effects on samples cell walls resulting 

in cell disruption and particle breakdown (Paniwnyk et al. 2009). The advantage of UAE over 

maceration technique is the comparatively higher extraction of polyphenols in shorter time, thus 

saving energy inputs (Veggi et al., 2013). Furthermore, phenolic compounds being thermo 

sensitive remain stable during UAE as compared to soxhlet and other conventional techniques 

where elevated temperature are employed (Zhang et al., 2008). 

Extraction of polyphenols depends on the type of solvent employed. Therefore, selection 

of proper extraction solvent is vital for complex food matrices as it will estimate the type and 

quantity of polyphenols being extracted. Plant material polyphenols are generally polar that are 

extracted with polar solvents like aqueous methanol, ethanol and acetone. Various researchers 

reported solvent methanol  as the best solvent for extraction of phenolic acids and catechin; 

solvent ethanol for efficient extraction of flavonoids and  their glycosides, tannins and catechols; 

acetone as better solvent for extraction of  proanthocyanidins and tannins (Chirinos et al., 2007; 

Mane et al., 2007; Spigno et al., 2007; Tabart et al., 2007; Wang et al., 2011). Solvent ethanol 

categorized under GRAS (Generally Recognized as Safe) is usually preferred due to its 

application in food system. Ethanol enhance the solubility of solute while water accelerates it‟s 

desorption from sample matrix (Mustafa & Turner, 2011). The efficiency of various solvents like 

ethanol, methanol, acetone, dichloromethane, ethyl acetate and hexane were assessed for the 

extraction of polyphenols from orange peel (Hegazy & Ibrahim, 2012). It was observed that there 

was variation in total polyphenols content among different solvent extracts with ethanolic extract 

had highest total polyphenols (169.56 mg/g) while hexane extract contained lowest total 

polyphenol content (63.20 mg/g). 

Total polyphenols of each solvent at absolute concentration level were lowest for both 

extraction methods which established the findings of Chan et al. (2009) that absolute solvent 

could not ensure fair extraction of polyphenols than aqueous solvents. Variations in extracted 

polyphenol content depend on the polarities of the solvents used as well as their concentration 

level either aqueous or absolute. Generally, aqueous alcohols such as methanol and ethanol are 

employed in phenolic compounds extraction from plant materials (Hayouni et al., 2007). Binary-

solvent system yielded elevated phenolic compounds and are more efficient in extraction of 

polyphenols than mono-solvent system(Chew et al., 2011; Spigno et al.,2007; Wang et al., 2008). 
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The low solubility of phenolic compounds in absolute solvents may be due to strong hydrogen 

bonding between protein and polyphenols. However, the solubility increases upon addition of 

water to organic solvents that weakens the hydrogen bonds (Wissam et al., 2012). During a 

study, Ajila et al. (2007) compared various solvents such as ethanol, acetone and water for 

extraction of polyphenols from mango peel and concluded that ethanol and acetone were more 

efficient solvent than water with polyphenol content 92.62, 90.02 and 55.05 mg GAE/g, 

respectively. Similarly, Al-Juhaimi (2014) extracted polyphenols through maceration technique 

from peel and pulp of mandarin, lemon, orange by employing 80% ethanol as solvent at 70°C for 

3 hours and phenolic compounds of extracts were evaluated by Folin-Ciocalteau reagent assay. It 

was observed that mandarin, orange and lemon peels contained 169.54, 178.90 and 61.22 mg 

GAE/100 g total phenolics which were more than phenolic compounds extracted from pulp.  

Nepote et al. (2005) investigated the phenolic content of peanut skins with different 

concentrations of ethanol and reported that 50% ethanol lead to highest polyphenol content 

which decreased with the increase in ethanol concentration above 70%.  

It is evident from the data that temperature had a significant effect on extraction of 

polyphenols. Generally, extraction of phenolic compounds increases with the elevation of 

temperature due to enhancement of solubility diffusion coefficient as well as solubility of 

phenolics, decrease solvent viscosity thus facilitates the solvent penetration into sample matrix 

(Al-Farsi & Lee, 2008; Wang et al., 2008). However, after a certain extraction temperature 

degradation or denaturation of polyphenols occurs which may be due to internal redox reactions, 

hydrolysis and polymerization (Abad-Garcia et al., 2007; Spigno et al., 2007). Moreover, high 

temperatures, i.e. above 50°C may not be appropriate for certain heat sensitive phenolic 

compounds such as flavonoids especially flavan-3-ol-derivatives (Too et al., 2010; Wissam et al., 

2012). As regards effect of temperature on ultrasound-assisted extraction, at elevated 

temperature there is lower surface tension that affects the cavitation with resultant less mass 

transfer rate (Zhang et al., 2008). During a study on spinach extracts polyphenol content, 

Altemimi et al. (2015) observed that ultrasonic extraction temperature 40 °C was optimum for 

polyphenols extraction, while elevated temperature 50°C resulted in decrease in total polyphenol 

content. 

Extraction time had significant effect on the total polyphenol content of mango and 

kinnow mandarin peel extracts. Total polyphenol content of mango and kinnow peel extracts by 

maceration (Table 4.4b) were lower than by ultrasound-assisted extraction (Table 4.5b & 4.6b), 
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though maceration time was much longer i.e. 20 hours. In case of total polyphenols by 

ultrasound-assisted extraction (Table 4.5b & 4.6b), there was an increase in total polyphenol 

content with increase in extraction time but after 60 min, polyphenol content decreased which 

might be due to degradation of phenolic compounds. Naczk and Shahidi (2004) reported that 

prolonged extraction times might cause the decomposition of polyphenols due to their elevated 

exposure to environmental hazards such as oxygen, temperature and light. Moreover, longer 

extraction time is uneconomical along with the potential loss of solvents due to vaporization 

(Tan et al., 2013).      

Sample to solvent ratio had significant effect on the mango and kinnow mandarin peels 

total polyphenols extracted by maceration and ultrasound assisted extraction techniques (Table 

4.4b, 4.5b & 4.6b). As regards sample extracted by maceration, totalpolyphenols were highest at 

sample to solvent ratio 1:15 followed by 1:20 while 1:10 resulted in lowest polyphenols 

extracted samples. In case of samples extracted by sonication technique, total polyphenols 

increased with the increase in sample to solvent ratio and were highest at 1:20. High sample to 

solvent ratio is optimum for the extraction of phenolic compounds from plant materials (Tan et 

al., 2011). A high sample to solvent ratio could produce high concentration gradient, accelerates 

the mass transfer rate and thus facilitates the diffusion of bioactive compounds into the solvent 

until the mass transfer reaches its maximum. Concentration gradient between sample and solvent 

is the driving force during mass transfer that is enhanced when the elevated sample to solvent 

ratio is employed (Al-Farsi & Chang, 2007; Lien et al., 2015). 

Ultrasound assisted extraction technique was selected for further studies of polyphenols 

from mango and kinnow peel extracts due to comparatively higher total polyphenol content and 

much shorter extraction time i.e. 60 min as compared to 20 hour extraction time for maceration 

technique.   
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Table 4.6a: Analysis of variance (mean squares) for total polyphenols content of ultrasound 

assisted technique employed kinnow peels extracts at different temperatures  

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

Total Polyphenols  

35°C 

Total Polyphenols   

45°C 

Total Polyphenols  

55°C 

Treat (T)                

Level (L)                

Ratio (R) 

Min                   

T x L 

T x R           

T x Min             

L x R           

L x Min             

R x Min             

T x L x R     

T x L x Min       

T x R x Min       

Lx R x Min       

T x L x R x Min 

Error                 

Total                 

  1 

  2 

  2 

  3 

  2 

  2 

  3 

  4 

  6 

  6 

  4 

  6 

  6 

 12 

 12 

144 

215 

900.334** 

 114.909** 

2080.493** 

 110.916** 

  31.581** 

  40.633** 

   1.051
NS

 

   9.412** 

   4.313** 

  13.906** 

   2.990* 

   0.660
NS

 

   1.797
NS

 

   2.316* 

   1.911
NS

 

   1.060 

428.725** 

225.461** 

315.042** 

 88.493** 

  6.541* 

 27.055** 

  6.720** 

 12.430** 

  6.816** 

 23.008** 

 10.406** 

  0.988
NS

 

  1.152
NS

 

  2.162
NS

 

  2.300
NS

 

  1.527 

  413.838** 

   85.366** 

 1115.196** 

  160.591** 

   11.844** 

   26.645** 

    1.214
NS

 

    7.017** 

    6.681** 

   16.791** 

    9.907** 

    0.926
NS

 

    3.677** 

    4.443** 

    1.643
NS

 

    1.156 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.6b: Total polyphenols content of ultrasound assisted technique employed kinnow 

mandarin peels extracts at different extraction temperatures 

Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

- - - 40 min 16.67±0.63c 22.41±0.40c 19.49±0.40d 

- - - 50 min 18.42±0.70b 24.22±0.44b 22.04±0.52c 

- - - 60 min 19.88±0.82a 25.49±0.45a 23.44±0.64a 

- - - 70 min 19.47±0.69a 24.49±0.45b 22.75±0.58b 

- - 1:20 - 19.27±0.42b 25.94±0.45a 25.05±0.42a 

- - 1:15 - 23.62±0.38a 24.66±0.25b 23.23±0.30b 

- - 1:10 - 12.93±0.27c 21.85±0.29c 17.51±0.22c 

- 100% - - 17.31±0.57c 22.17±0.29c 20.87±0.44c 

- 80% - - 18.69±0.68b 25.56±0.42a 23.04±0.53a 

- 50% - - 19.83±0.61a 24.73±0.35b 21.87±0.50b 

MeOH - - - 20.65±0.50a 25.56±0.30a 23.31±0.43a 

EtOH - - - 16.57±0.45b 22.74±0.29b 20.54±0.34b 

- - 1:20 40 min 16.96±0.73f 22.32±0.71gh 21.31±0.50e 

- - 1:20 50 min 19.34±0.74e 26.22±0.79bc 25.17±0.65bc 

- - 1:20 60 min 20.84±0.79d 28.21±0.73a 27.52±0.82a 

- - 1:20 70 min 19.94±0.85de 27.02±0.78ab 26.21±0.62b 

- - 1:15 40 min 20.99±0.72d 23.68±0.59ef 20.78±0.49e 

- - 1:15 50 min 23.13±0.69c 24.73±0.42de 23.21±0.49d 

- - 1:15 60 min 25.87±0.60a 25.57±0.44cd 24.73±0.47c 

- - 1:15 70 min 24.49±0.55b 24.66±0.49de 24.18±0.48cd 

- - 1:10 40 min 12.05±0.53h 21.25±0.67h 16.38±0.36g 

- - 1:10 50 min 12.78±0.58h 21.71±0.63gh 17.73±0.35f 

- - 1:10 60 min 12.92±0.50gh 22.68±0.50fg 18.08±0.44f 

- - 1:10 70 min 13.98±0.45g 21.78±0.48gh 17.86±0.54f 

- 100% - 40 min 15.35±0.98e 20.52±0.53g 18.64±0.40g 

- 100% - 50 min 17.15±1.10cd 22.06±0.56f 21.07±0.76de 

- 100% - 60 min 18.28±1.36b 23.72±0.56de 22.08±0.99bcd 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

- 100% - 70 min 18.45±1.04b 22.36±0.48f 21.70±1.02cd 

- 80% - 40 min 16.36±1.20de 22.91±0.61ef 19.95±0.68ef 

- 80% - 50 min 18.11±1.39bc 25.84±0.72abc 22.67±0.99bc 

- 80% - 60 min 20.50±1.48a 27.18±0.84a 25.30±1.12a 

- 80% - 70 min 19.78±1.21a 26.32±0.83ab 24.26±1.00a 

- 50% - 40 min 18.29±1.01b 23.82±0.68de 19.89±0.89f 

- 50% - 50 min 20.00±1.10a 24.75±0.74cd 22.37±0.94bc 

- 50% - 60 min 20.85±1.40a 25.55±0.72bc 22.95±1.14b 

- 50% - 70 min 20.18±1.36a 24.79±0.70cd 22.29±0.94bc 

- 100% 1:20 - 17.89±0.59e 23.43±0.52c 23.63±0.61c 

- 100% 1:15 - 22.14±0.54c 22.96±0.34cd 22.22±0.44d 

- 100% 1:10 - 11.89±0.30g 20.11±0.36e 16.77±0.24f 

- 80% 1:20 - 20.07±0.86d 28.18±0.77a 25.96±0.82a 

- 80% 1:15 - 23.39±0.72b 25.30±0.45b 24.81±0.47b 

- 80% 1:10 - 12.60±0.57g 23.20±0.52cd 18.36±0.49e 

- 50% 1:20 - 19.85±0.64d 26.21±0.74b 25.57±0.70ab 

- 50% 1:15 - 25.33±0.55a 25.73±0.27b 22.65±0.48d 

- 50% 1:10 - 14.30±0.33f 22.24±0.38d 17.39±0.33f 

- 100% 1:20 40 min 15.19±0.92k 20.81±0.96 20.12±0.44l-o 

- 100% 1:20 50 min 18.49±1.02ij 23.48±0.94 23.59±1.05e-j 

- 100% 1:20 60 min 19.32±1.08hij 25.38±0.65 25.32±1.04b-g 

- 100% 1:20 70 min 18.57±1.13ij 24.06±0.66 25.47±0.86b-g 

- 100% 1:15 40 min 19.94±0.87ghi 21.34±0.68 19.02±0.48n-r 

- 100% 1:15 50 min 21.38±1.00fgh 23.01±0.49 22.43±0.24i-l 

- 100% 1:15 60 min 24.15±0.84cde 24.76±0.37 24.05±0.39d-i 

- 100% 1:15 70 min 23.08±0.88def 22.72±0.39 23.36±0.41f-k 

- 100% 1:10 40 min 10.92±0.27n 19.41±1.03 16.77±0.23rst 

- 100% 1:10 50 min 11.57±0.33lmn 19.70±0.63 17.18±0.29q-t 

- 100% 1:10 60 min 11.37±0.67mn 21.04±0.62 16.86±0.67rst 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

- 100% 1:10 70 min 13.72±0.32kl 20.29±0.53 16.26±0.65st 

- 80% 1:20 40 min 17.65±1.58j 23.07±0.95 21.11±0.66k-n 

- 80% 1:20 50 min 19.58±1.80hij 28.59±1.00 25.68±0.74b-f 

- 80% 1:20 60 min 21.88±1.71efg 31.11±0.85 29.60±1.46a 

- 80% 1:20 70 min 21.18±1.69fgh 29.97±0.85 27.46±1.17ab 

- 80% 1:15 40 min 20.29±1.58ghi 23.81±0.78 21.96±0.44i-m 

- 80% 1:15 50 min 23.12±1.25def 25.70±0.57 24.86±0.75c-h 

- 80% 1:15 60 min 26.21±1.14abc 25.82±1.12 26.45±0.68bc 

- 80% 1:15 70 min 23.94±0.73cde 25.86±0.95 25.97±0.65b-e 

- 80% 1:10 40 min 11.14±0.95mn 21.84±1.39 16.77±0.98rst 

- 80% 1:10 50 min 11.63±0.98lmn 23.24±1.02 17.48±0.89p-t 

- 80% 1:10 60 min 13.40±1.09klm 24.61±0.65 19.85±0.62m-p 

- 80% 1:10 70 min 14.23±1.26k 23.13±0.86 19.36±0.99n-q 

- 50% 1:20 40 min 18.03±1.09ij 23.07±1.60 22.71±1.11h-k 

- 50% 1:20 50 min 19.96±1.03ghi 26.58±1.37 26.23±1.36bcd 

- 50% 1:20 60 min 21.33±1.26fgh 28.15±1.03 27.64±1.37ab 

- 50% 1:20 70 min 20.09±1.57ghi 27.04±1.24 25.71±1.18b-f 

- 50% 1:15 40 min 22.76±1.01def 25.89±0.60 21.36±1.01j-n 

- 50% 1:15 50 min 24.90±1.04bcd 25.49±0.61 22.35±1.03i-l 

- 50% 1:15 60 min 27.24±0.80a 26.13±0.58 23.68±0.84e-j 

- 50% 1:15 70 min 26.44±0.72ab 25.40±0.45 23.21±0.90g-k 

- 50% 1:10 40 min 14.08±0.79k 22.50±0.69 15.59±0.30t 

- 50% 1:10 50 min 15.15±0.83k 22.18±1.11 18.53±0.40o-s 

- 50% 1:10 60 min 13.98±0.38k 22.39±0.63 17.52±0.41p-t 

- 50% 1:10 70 min 14.00±0.59k 21.92±0.72 17.94±0.76o-t 

MeOH - - 40 min 18.79±0.87 24.25±0.40bc 20.67±0.58 

MeOH - - 50 min 20.60±0.98 25.77±0.59a 23.41±0.78 

MeOH - - 60 min 21.88±1.15 26.55±0.65a 24.89±1.01 

MeOH - - 70 min 21.33±0.97 25.67±0.67a 24.28±0.79 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

EtOH - - 40 min 14.54±0.71 20.57±0.47e 18.31±0.45 

EtOH - - 50 min 16.24±0.83 22.67±0.51d 20.67±0.59 

EtOH - - 60 min 17.87±1.04 24.42±0.56b 21.99±0.71 

EtOH - - 70 min 17.61±0.87 23.30±0.52cd 21.22±0.75 

MeOH - 1:20 - 22.11±0.40b 27.96±0.53a 27.13±0.57a 

MeOH - 1:15 - 25.57±0.39a 25.45±0.33b 24.35±0.37b 

MeOH - 1:10 - 14.27±0.32d 23.28±0.34c 18.45±0.29e 

EtOH - 1:20 - 16.44±0.30c 23.93±0.56c 22.97±0.40c 

EtOH - 1:15 - 21.67±0.46b 23.87±0.33c 22.10±0.39d 

EtOH - 1:10 - 11.59±0.29e 20.43±0.33d 16.56±0.26f 

MeOH - 1:20 40 min 19.61±0.62 24.75±0.63 22.83±0.64gh 

MeOH - 1:20 50 min 22.12±0.50 28.54±0.87 27.29±0.64bc 

MeOH - 1:20 60 min 23.64±0.71 29.70±0.95 30.26±0.83a 

MeOH - 1:20 70 min 23.05±0.72 28.83±1.05 28.13±0.72b 

MeOH - 1:15 40 min 23.33±0.62 24.85±0.72 22.01±0.57h 

MeOH - 1:15 50 min 25.40±0.60 25.32±0.58 24.46±0.59defg 

MeOH - 1:15 60 min 27.68±0.61 26.38±0.63 25.70±0.58cd 

MeOH - 1:15 70 min 25.88±0.60 25.24±0.75 25.25±0.57de 

MeOH - 1:10 40 min 13.42±0.65 23.16±0.64 17.17±0.47jkl 

MeOH - 1:10 50 min 14.28±0.73 23.43±0.79 18.46±0.38ij 

MeOH - 1:10 60 min 14.31±0.53 23.58±0.67 18.71±0.64ij 

MeOH - 1:10 70 min 15.08±0.60 22.93±0.68 19.46±0.61i 

EtOH - 1:20 40 min 14.30±0.37 19.88±0.49 19.79±0.26i 

EtOH - 1:20 50 min 16.57±0.40 23.89±0.74 23.04±0.50fgh 

EtOH - 1:20 60 min 18.04±0.44 26.73±0.92 24.78±0.56def 

EtOH - 1:20 70 min 16.84±0.34 25.21±0.81 24.29±0.46defg 

EtOH - 1:15 40 min 18.66±0.66 22.51±0.78 19.55±0.56i 

EtOH - 1:15 50 min 20.87±0.62 24.15±0.59 21.97±0.54h 

EtOH - 1:15 60 min 24.05±0.56 24.75±0.49 23.75±0.60efgh 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

EtOH - 1:15 70 min 23.10±0.65 24.08±0.60 23.11±0.61fgh 

EtOH - 1:10 40 min 10.67±0.55 19.33±0.75 15.58±0.40l 

EtOH - 1:10 50 min 11.28±0.58 19.98±0.55 16.99±0.49jkl 

EtOH - 1:10 60 min 11.53±0.54 21.77±0.63 17.44±0.57jk 

EtOH - 1:10 70 min 12.89±0.44 20.62±0.44 16.25±0.45kl 

MeOH 100% - - 18.82±0.85b 23.30±0.34c 21.79±0.63c 

MeOH 80% - - 21.47±0.85a 27.29±0.50a 24.65±0.73a 

MeOH 50% - - 21.66±0.85a 26.09±0.46b 23.50±0.79b 

EtOH 100% - - 15.80±0.68d 21.04±0.40d 19.95±0.58d 

EtOH 80% - - 15.90±0.83d 23.83±0.53c 21.44±0.67c 

EtOH 50% - - 18.00±0.77c 23.36±0.44c 20.24±0.50d 

    

MeOH                                               
100% - 40 min 16.78±1.52 22.36±0.32 19.30±0.62 

MeOH 100% - 50 min 18.78±1.72 23.31±0.74 22.03±1.24 

MeOH 100% - 60 min 20.00±1.95 24.39±0.77 23.32±1.40 

MeOH 100% - 70 min 19.71±1.71 23.13±0.69 22.49±1.37 

MeOH 80% - 40 min 19.32±1.59 24.93±0.46 21.35±0.68 

MeOH 80% - 50 min 21.03±1.86 27.49±0.91 24.15±1.29 

MeOH 80% - 60 min 23.25±1.94 28.73±1.07 27.01±1.79 

MeOH 80% - 70 min 22.28±1.40 28.02±1.11 26.10±1.31 

MeOH 50% - 40 min 20.26±1.35 25.47±0.73 21.37±1.45 

MeOH 50% - 50 min 21.98±1.48 26.50±0.89 24.03±1.56 

MeOH 50% - 60 min 22.39±2.16 26.54±1.09 24.34±1.96 

MeOH 50% - 70 min 22.01±1.93 25.86±1.05 24.26±1.31 

EtOH 100% - 40 min 13.92±1.14 18.68±0.48 17.97±0.45 

EtOH 100% - 50 min 15.51±1.22 20.82±0.63 20.10±0.84 

EtOH 100% - 60 min 16.56±1.84 23.06±0.78 20.83±1.35 

EtOH 100% - 70 min 17.20±1.11 21.58±0.59 20.91±1.55 

EtOH 80% - 40 min 13.39±1.20 20.88±0.61 18.54±1.00 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

EtOH 80% - 50 min 15.19±1.60 24.20±0.82 21.19±1.41 

EtOH 80% - 60 min 17.74±1.91 25.63±1.12 23.59±1.20 

EtOH 80% - 70 min 17.29±1.66 24.62±1.00 22.43±1.31 

EtOH 50% - 40 min 16.32±1.23 22.16±0.87 18.40±0.85 

EtOH 50% - 50 min 18.02±1.41 23.00±0.87 20.70±0.80 

EtOH 50% - 60 min 19.32±1.76 24.57±0.86 21.56±1.08 

EtOH 50% - 70 min 18.34±1.81 23.71±0.83 20.31±1.04 

MeOH 100% 1:20 - 20.09±0.55e 24.92±0.48cd 25.14±0.82bc 

MeOH 100% 1:15 - 23.96±0.53b 23.65±0.36def 22.68±0.53de 

MeOH 100% 1:10 - 12.40±0.28hi 21.32±0.35g 17.54±0.24h 

MeOH 80% 1:20 - 23.75±0.59bc 29.96±0.96a 28.07±1.18a 

MeOH 80% 1:15 - 25.70±0.64a 26.87±0.50b 25.82±0.67b 

MeOH 80% 1:10 - 14.95±0.49g 25.04±0.37cd 20.07±0.42g 

MeOH 50% 1:20 - 22.48±0.51cd 28.99±0.50a 28.18±0.70a 

MeOH 50% 1:15 - 27.05±0.57a 25.83±0.44bc 24.57±0.31bc 

MeOH 50% 1:10 - 15.46±0.40g 23.47±0.43def 17.75±0.46h 

EtOH 100% 1:20 - 15.70±0.51g 21.95±0.69fg 22.11±0.68ef 

EtOH 100% 1:15 - 20.31±0.56e 22.26±0.52efg 21.75±0.71ef 

EtOH 100% 1:10 - 11.38±0.50ij 18.90±0.41h 15.99±0.28i 

EtOH 80% 1:20 - 16.39±0.53fg 26.41±1.00bc 23.85±0.77cd 

EtOH 80% 1:15 - 21.08±0.87de 23.73±0.37de 23.80±0.53cd 

EtOH 80% 1:10 - 10.24±0.31j 21.37±0.61g 16.66±0.55hi 

EtOH 50% 1:20 - 17.23±0.42f 23.43±0.77def 22.96±0.55de 

EtOH 50% 1:15 - 23.62±0.64bc 25.63±0.32bc 20.74±0.44fg 

EtOH 50% 1:10 - 13.15±0.23h 21.02±0.39g 17.04±0.46hi 

MeOH 100% 1:20 40 min 17.23±0.24 22.82±0.31 20.97±0.06 

MeOH 100% 1:20 50 min 20.65±0.49 25.32±0.85 25.77±0.48 

MeOH 100% 1:20 60 min 21.54±0.51 26.37±0.55 27.49±0.66 

MeOH 100% 1:20 70 min 20.92±0.73 25.15±0.74 26.31±1.40 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

MeOH 100% 1:15 40 min 21.74±0.54 22.63±0.67 19.98±0.22 

MeOH 100% 1:15 50 min 23.54±0.51 23.81±0.56 22.84±0.35 

MeOH 100% 1:15 60 min 25.73±0.87 24.95±0.64 24.32±0.53 

MeOH 100% 1:15 70 min 24.84±0.63 23.20±0.52 23.57±0.50 

MeOH 100% 1:10 40 min 11.36±0.30 21.62±0.54 16.95±0.31 

MeOH 100% 1:10 50 min 12.15±0.27 20.78±0.52 17.48±0.55 

MeOH 100% 1:10 60 min 12.73±0.62 21.85±1.00 18.16±0.51 

MeOH 100% 1:10 70 min 13.37±0.38 21.03±0.83 17.58±0.51 

MeOH 80% 1:20 40 min 21.17±0.08 24.89±1.07 22.48±0.50 

MeOH 80% 1:20 50 min 23.57±0.12 30.70±0.42 27.19±0.64 

MeOH 80% 1:20 60 min 25.48±1.07 32.48±0.77 32.78±0.66 

MeOH 80% 1:20 70 min 24.79±1.09 31.77±0.55 29.85±0.88 

MeOH 80% 1:15 40 min 23.55±1.00 25.10±0.83 22.75±0.58 

MeOH 80% 1:15 50 min 25.75±0.82 26.62±0.68 25.96±1.21 

MeOH 80% 1:15 60 min 28.44±0.71 28.22±0.55 27.51±0.85 

MeOH 80% 1:15 70 min 25.07±0.80 27.53±1.13 27.05±0.76 

MeOH 80% 1:10 40 min 13.24±0.18 24.81±0.81 18.81±0.32 

MeOH 80% 1:10 50 min 13.76±0.42 25.13±1.03 19.32±0.50 

MeOH 80% 1:10 60 min 15.84±0.17 25.48±0.57 20.74±0.93 

MeOH 80% 1:10 70 min 16.97±0.61 24.75±0.86 21.39±0.71 

MeOH 50% 1:20 40 min 20.44±0.41 26.53±0.18 25.05±0.66 

MeOH 50% 1:20 50 min 22.12±0.75 29.61±0.23 28.92±1.31 

MeOH 50% 1:20 60 min 23.91±0.87 30.24±0.64 30.53±0.64 

MeOH 50% 1:20 70 min 23.43±0.77 29.58±0.96 28.24±0.60 

MeOH 50% 1:15 40 min 24.70±1.02 26.81±0.76 23.29±0.54 

MeOH 50% 1:15 50 min 26.90±0.73 25.53±1.10 24.58±0.44 

MeOH 50% 1:15 60 min 28.87±0.50 25.97±1.11 25.27±0.53 

MeOH 50% 1:15 70 min 27.73±0.81 24.99±0.63 25.13±0.24 

MeOH 50% 1:10 40 min 15.65±0.54 23.07±1.21 15.76±0.28 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

MeOH 50% 1:10 50 min 16.92±0.50 24.37±0.83 18.59±0.53 

MeOH 50% 1:10 60 min 14.37±0.71 23.40±0.81 17.23±0.64 

MeOH 50% 1:10 70 min 14.88±0.76 23.02±0.80 19.42±0.28 

EtOH 100% 1:20 40 min 13.15±0.13 18.79±0.71 19.27±0.50 

EtOH 100% 1:20 50 min 16.33±0.54 21.64±0.52 21.42±0.74 

EtOH 100% 1:20 60 min 17.10±0.81 24.39±0.91 23.15±0.50 

EtOH 100% 1:20 70 min 16.21±0.52 22.97±0.68 24.62±1.01 

EtOH 100% 1:15 40 min 18.14±0.51 20.04±0.39 18.05±0.44 

EtOH 100% 1:15 50 min 19.22±0.23 22.20±0.50 22.03±0.12 

EtOH 100% 1:15 60 min 22.56±0.50 24.56±0.50 23.77±0.64 

EtOH 100% 1:15 70 min 21.32±0.60 22.24±0.51 23.16±0.75 

EtOH 100% 1:10 40 min 10.47±0.28 17.20±0.35 16.59±0.36 

EtOH 100% 1:10 50 min 10.98±0.36 18.62±0.72 16.87±0.17 

EtOH 100% 1:10 60 min 10.02±0.10 20.22±0.51 15.56±0.55 

EtOH 100% 1:10 70 min 14.06±0.50 19.54±0.43 14.95±0.32 

EtOH 80% 1:20 40 min 14.13±0.31 21.25±0.05 19.73±0.02 

EtOH 80% 1:20 50 min 15.58±0.52 26.47±0.56 24.18±0.29 

EtOH 80% 1:20 60 min 18.27±0.65 29.75±1.07 26.42±0.33 

EtOH 80% 1:20 70 min 17.57±0.26 28.16±0.24 25.07±0.60 

EtOH 80% 1:15 40 min 17.02±0.88 22.52±0.85 21.17±0.16 

EtOH 80% 1:15 50 min 20.49±0.43 24.78±0.54 23.75±0.34 

EtOH 80% 1:15 60 min 23.98±0.98 23.41±0.38 25.39±0.67 

EtOH 80% 1:15 70 min 22.81±0.85 24.19±0.66 24.88±0.60 

EtOH 80% 1:10 40 min 9.03±0.16 18.87±0.49 14.73±0.76 

EtOH 80% 1:10 50 min 9.49±0.19 21.35±0.78 15.63±0.55 

EtOH 80% 1:10 60 min 10.96±0.07 23.73±1.00 18.95±0.51 

EtOH 80% 1:10 70 min 11.49±0.08 21.51±0.59 17.33±0.51 

EtOH 50% 1:20 40 min 15.62±0.10 19.60±0.90 20.36±0.53 

EtOH 50% 1:20 50 min 17.79±0.31 23.56±0.37 23.53±0.56 
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Treat Level Ratio Min Total 

Polyphenols   

35°C 

Total 

Polyphenols  

45°C 

Total 

Polyphenols  

55°C 

EtOH 50% 1:20 60 min 18.75±0.72 26.06±0.75 24.76±0.83 

EtOH 50% 1:20 70 min 16.75±0.79 24.49±0.55 23.18±0.40 

EtOH 50% 1:15 40 min 20.81±0.56 24.96±0.59 19.43±1.04 

EtOH 50% 1:15 50 min 22.90±0.93 25.46±0.79 20.12±0.34 

EtOH 50% 1:15 60 min 25.61±0.51 26.28±0.65 22.10±0.85 

EtOH 50% 1:15 70 min 25.16±0.54 25.81±0.67 21.29±0.54 

EtOH 50% 1:10 40 min 12.52±0.64 21.92±0.78 15.42±0.60 

EtOH 50% 1:10 50 min 13.37±0.17 19.98±0.79 18.46±0.71 

EtOH 50% 1:10 60 min 13.59±0.27 21.37±0.55 17.81±0.60 

EtOH 50% 1:10 70 min 13.11±0.59 20.82±0.87 16.46±0.81 

Values are presented as mean ± standard error of triplicate analyses. MeOH: Methanol, EtOH: 

Ethanol, EtAc: Ethyl acetate, Ace: Acetone 
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4.4. HPLC analysis of phenolic compounds 

Identification and quantification of phenolic acids and flavonoids in mango and kinnow 

mandarin peel extracts were carried out with high performance liquid chromatography. HPLC 

chromatograms of peel extracts and phenolic standards have been presented in Figs. 4.1-4.6. A 

total of eleven phenolic compounds including four phenolic acids and seven flavonoids in mango 

peel extracts whereas in kinnow peels five phenolic acids and six flavonoids at wavelength 280 

nm and 370 nm respectively were identified and quantified according to retention time and their 

peaks spectral characteristics against those of standards.  Analysis of variance for phenolic acids 

content of mango and kinnow peel extracts (Table 4.7a) revealed highly significant (P<0.01) 

effect of peel extracts, solvent type (except for caffeic acid), concentration level as well as their 

interactions. 

Data regarding gallic acid content of mango and kinnow mandarin peel extracts as 

affected by solvent type and their level are presented in table 4.7b. Highest gallic acid was 

quantified in mango peel 50% ethanolic extracts (144.18 ± 2.68 µg/g) followed by 80% 

methanolic extract(142.54 ± 1.75 µg/g) of mango peels while kinnow peel 100% ethanolic 

extract had lowest gallic acid content (12.02 ± 0.44 µg/g). LSD-test showed significant 

difference between peel extracts at all interaction means as well as between solvent type and peel 

extracts overall means.   

The chlorogenic acid concentration of mango and kinnow peel extracts (Table 4.7c) as 

affected by solvent type and their levels indicated that highest and lowest chlorogenic acid was 

determined in mango peel 50% methanolic extracts (42.07 ± 0.37 µg/g) and kinnow peel 80% 

methanolic extracts(12.91 ± 0.47 µg/g) respectively. As illustrated by LSD-test, there was non-

significant difference between kinnow peels ethanolic and methanolic extracts means but were 

significantly different from mango peel methanolic and ethanolic extract means. 

The effect of solvent types and their levels on ferulic acid content of mango and kinnow 

peel extracts has been presented in table 4.7d. Maximum and minimum ferulic acid was analyzed 

in mango peel 50% ethanolic extracts (167.21 ± 1.75 µg/g) and kinnow peel 100% ethanolic 

extract (22.37 ± 0.94 µg/g) respectively. LSD-test revealed significant difference between all 

interaction means. Mango peels methanolic and ethanolic extract overall means for ferulic acid 

were non-significantly different from each other but were significantly different from kinnow 

peels methanolic and ethanolic extracts. 
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As regards coumaric acid, mango peel extracts contained significantly higher 

concentration than kinnow peel extracts (Table 4.7e). Highest coumaric acid was estimated in 

50% ethanolic mango peel extracts (240.54 ± 5.32 µg/g) followed by 80% methanolic extract of 

mango peels whereas kinnow peels 100% ethanolic extract had the least coumaric acid (15.93 ± 

1.04 µg/g). LSD-test showed non-significant difference between kinnow peel methanolic and  

ethanolic extracts but were significantly different from mango peel extracts. 

Caffeic acid was the least quantified phenolic acid and only a minor concentration was 

determined in kinnow peel 80% ethanolic extract(2.43 ± 0.30 µg/g) and in 100% methanolic 

extract(1.28±0.38 µg/g) while it was absent in mango peel extracts (Table 4.7f). 

Phenolic acids are the vital group of polyphenols present in fruits and fruit wastes 

especially peels. They have broad range of biological activities like antioxidants, anti-

inflammatory, anti-carcinogenic, cardio-protective, anti-mutagenic, antimicrobial and anti-

tumour activities (Ye et al., 2011). The antioxidant activity of phenolic acids increases with the 

number of hydroxyl groups. Mono hydroxyl phenolics have exhibited lower antioxidant activity 

than ortho dihydroxy groups inphenol ring (Jahan, 2011). Lipid peroxidation was found to be 

inhibited by p-coumaric acid and thus stopped oxidative damage (Tapia et al., 2004). 

During an investigation on fruit wastes phenolic compounds, Deng et al. (2012) 

quantified mango peel phenolic acids as gallic acid (5.36±0.40 mg/100 g) and significantly 

higher chlorogenic content (49.20 ± 2.45 mg/100 g). Similarly, Zulkifli et al. (2012) reported the 

higher concentration of chlorogenic acid (456.85 ± 0.55 mg/100 g) and gallic acid (152.20 ± 0.14 

mg/100 g) in mango peels whereas other phenolic acids as well as flavonoids were found only in 

traces.They concluded that mango peel high antioxidant activity might be attributed to the 

chlorogenic acid and gallic acid higher concentrations. Jabri-karoui and Marzouk(2013) 

determined the phenolic compounds of bitter orange (Citrus aurantium L.) peels by HPLC and 

reported that phenolic acids were the major phenolics  in bitter orange representing 73.8% of 

total phenolics with p- coumaric (24.68%) and ferulic acids(23.79%) the most abundant phenolic 

acids.
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Table 4.7a: Analysis of variance (mean squares) for phenolic acids content of mango and kinnow peel extracts 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Gallic acid (µg/g) Chlorogenic 

acid(µg/g) 

Ferulic acid (µg/g) Coumaric acid 

(µg/g) 

Caffeic acid (µg/g) 

Peel             

Treat            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

PeelxTreatxLevel 

Error            

Total            

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

50511.8** 

 1699.5** 

 4199.2** 

   56.6** 

 1610.9** 

  211.7** 

 2195.5** 

    5.1 

1560.91** 

   35.90** 

  175.13** 

   33.16** 

   81.28** 

  198.75** 

   18.49** 

    0.84 

33244.8** 

  3532.9** 

  8293.1** 

  2613.4** 

  1331.3** 

    33.4* 

  1213.5** 

     7.4 

259286** 

   489** 

  4915** 

    91* 

  3847** 

   605** 

  1686** 

    20 

2.0497** 

0.0220
NS

 

0.4993** 

0.9900** 

2.0699** 

3.0837** 

2.5997** 

0.0686 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Table 4.7b:  Effect of peel, solvent type and level on the gallic acid content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 85.37 ± 0.31c 142.54 ± 1.75a 129.82 ± 2.04b 119.24 ± 8.70A 

MPE x EtOH 73.79 ± 0.64d 91.00 ± 0.67c 144.18 ± 2.68a 102.99 ± 10.6B 

KPE x MeOH 37.86 ± 1.03f 39.54 ± 1.29f 48.05 ± 0.71e 41.82 ± 1.66C 

KPE x EtOH 12.02 ± 0.44h 54.13 ± 1.12e 25.60 ± 0.70g 30.58 ± 6.22D 

Values are presented as mean ± standard error of triplicate analyses. Meansh sharing similar 

letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 

 

 

Table 4.7c:  Effect of peel, solvent type and level on the chlorogenic acid content (µg/g) of 

mango and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 35.29 ± 0.41b 21.78 ± 0.34e 42.07 ± 0.37a 33.05 ± 2.99A 

MPE x EtOH 24.52 ± 0.23d 28.90 ± 0.44c 33.97 ± 0.56b 29.13 ± 1.38B 

KPE x MeOH 18.48 ± 0.41fg 12.91 ± 0.47h 22.48 ± 0.85de 17.96 ± 1.42C 

KPE x EtOH 17.25 ± 0.64g 20.52 ± 0.82ef 15.86 ± 0.42c 17.88 ± 0.76C 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 
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Table 4.7d:  Effect of peel, solvent types and levels on the ferulic acid content (µg/g) of 

mango and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 99.67 ± 1.79e 125.93 ± 2.11c 146.64 ± 2.53b 124.08 ± 6.84A 

MPE x EtOH 80.74 ± 0.63f 115.65 ± 2.25d 167.21 ± 1.75a 121.20 ± 12.6A 

KPE x MeOH 50.16 ± 0.75h 88.41 ± 0.86f 102.13 ± 1.51e 80.23 ± 7.79B 

KPE x EtOH 22.37 ± 0.94i 65.21 ± 1.16g 42.56 ± 1.05h 43.38 ± 6.21C 

 

Table 4.7e:  Effect of peel, solvent types and levels on the coumaric acid content (µg/g) of 

mango and kinnow peel extracts 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 138.32 ± 1.01e 217.86 ± 4.33b 194.32 ± 2.90c 183.50 ± 11.89B 

MPE x EtOH 152.66 ± 2.00d 188.97 ± 4.13c 240.54 ± 5.32a 194.06 ± 12.91A 

KPE x MeOH 17.12 ± 0.34fg 11.23 ± 0.50g 22.51 ± 0.61fg 16.95 ± 01.65C 

KPE x EtOH 15.93 ± 1.04fg 27.29 ± 0.44f 20.18 ± 0.35fg 21.14 ± 01.69C 

 

Table 4.7f:  Effect of peel, solvent types and levels on the caffeic acid content (µg/g) of 

mango and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00C 

MPE x EtOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00C 

KPE x MeOH 1.28 ± 0.38b 0.00 ± 0.00c 0.00 ± 0.00c 0.43 ± 0.24B 

KPE x EtOH 0.00 ± 0.00c 2.43 ± 0.30a 0.00 ± 0.00c 0.81 ± 0.41A 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean.  MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol  
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Analysis of variance for catechins, epicatechins flavanols, xanthonoids mangiferin, as 

well as flavanones hesperidin and naringenin content of mango and kinnow peel extracts (Table 

4.8a) revealed highly significant (P<0.01) effect of peel extracts, solvent type, concentration 

level as well as their interactions except for peel x solvent type and peel x solvent level 

interaction in case of catechins flavonoids. 

Catechins and epicatechins represent the monomeric flavanols in fruits particularly fruit 

peels which are not glycosylated in foods. Flavanols especially catechins are considered as 

strong antioxidants associated with numerous potential health benefits (Tsao, 2010). Data 

regarding catechins content of mango and kinnow mandarin peel extracts as affected by solvent 

type and their level are presented in table 4.8b. Maximum catechins were quantified in mango 

peel 50% ethanolic extracts (88.50 ±2.07 µg/g) while kinnow peel 100% ethanolic extract had 

lowest catechins content (18.54 ± 0.49 µg/g). LSD-test showed non-significant difference 

between overall means of methanolic and ethanolic mango peel extracts but were significantly 

different from kinnow peel extracts overall means indicating the significant effect of solvent type 

on catechin content of mango and kinnow peels.The epicatechin concentration of mango and 

kinnow peel extracts (Table 4.8c) as affected by solvent type and their levels revealed that 

highest epicatechins were determined in mango peel 50% methanolic extracts (242.73 ± 2.19 

µg/g) followed by mango peel 80% methanolic extract (198.40 ± 2.62 µg/g) whereas catechins 

were not detected in kinnow peel 100% ethanolic extract. As illustrated by LSD-test, there was 

non-significant difference between mango peels 50% and 100% ethanolic extract interaction 

means. However, there were significant difference between mango and kinnow peels overall 

means which indicated that solvent type had significant effect on epicatechin content of mango 

and kinnow peels. Deng et al. (2012) reported catechin content of grape and guava peels as  

25.96 ± 0.67 mg/100g and 31.48 ± 1.55 mg/100 g respectively, whereas considerably higher 

concentration of epicatechins were recorded in star fruit peels (172.08 ± 6.94 mg/100 g) and 

grape seeds (425.52 ± 19.70 mg/100 g). Likewise, Jabri-Karoui and Marzouk (2013) recorded 

catechin and epicatechin content in bitter orange peel as 3.17 ± 0.27 mg/g and 2.77 ± 0.83 mg/g 

respectively. 

 Mangiferin is a natural xanthonoid present in mango fruit and peels with various 

bioactivities such as antioxidant (Barreto et al., 2008), anti-inflammation (Carvalho et al., 2009) 

and anti-tumor (Noratto et al., 2010). Data regarding mangiferin content of mango and kinnow 

mandarin peels indicated that mangiferin was present only in mango peels (Table 4.8d). Highest 
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and lowest mangiferin was detected in mango peel 50% methanolic extract(124.20 ± 2.46 µg/g) 

and 100% ethanolic extract (37.89 ± 1.00 µg/g) respectively. LSD-test showed significant 

difference between mango peel interaction means and overall means thus established the effect 

of solvent type and level on magniferin content of mango and kinnow peel extracts.  Mangiferin 

content analyzed in mango peels was slightly lower than earlier reported by Luo et al. (2012) in 

11 Chinese mango cultivars peels in the range of 0.04 ± 0.01 mg/g to 7.34 ± 0.13 mg/g.  

 Flavanones are found mainly in citrus fruits as well as peels and responsible for their 

characteristic taste. Hesperidin is the most abundant flavanone glycoside present in citrus peel 

especially in mandarin peel which has immunomodulatory and anti-inflammatory effects (Yeh et 

al., 2007; Ma et al., 2008). Hesperidin and naringenin are the major flavanones present in orange 

with former being more in concentration than the latter (Wang et al., 2008c). As evident from 

table 4.8e hesperidin was estimated in kinnow mandarin peels only, due to the fact that 

flavanones exist only in citrus fruits and peels. Maximum hesperidin was determined in kinnow 

peel 80% ethanolic extract (92.94 ± 1.23 µg/g) and minimum in 100% methnolic extract (44.38 ± 

1.08 µg/g). LSD-test revealed significant difference between kinnow peel interaction means and 

overall means thus indicated that solvent type and level had significant effect on hesperidin 

content of mango and kinnow peel extracts. During a study on quantification of bioactive 

compound in citrus peel, Bermejo and Cano (2011) reported higher hesperidin content of four 

mandarin varieties in the range of 33.55 ± 2.31 to 55.82 mg/g d.w. Similarly, Tumbas et al. 

(2010) quantified the hesperidin content in mandarin peel extract as 80.9 mg/g extract which was 

quite higher than the hesperidin determined during the study. Data regarding naringenin content 

of kinnow mandarin peels indicated negligible or very low concentration detected. Highest and 

lowest concentration were estimated in kinnow peel 50% (3.74 ± 0.45 µg/g) and 100% 

methanolic extract (1.97 ± 0.37 µg/g). During a study on orange peel phenolic compounds, Khan 

et al. (2010) quantified flavanones hesperidin and naringin in orange peel extracts through HPLC 

and reported as 205.20 mg/100 g and 70.30 mg/100 g of fresh weight, respectively.  

 Quercetin, myricetin, rutin and kaempferol represent the most common flavonoids sub-

class flavonols generally exist in glycosylated forms associated with sugar moiety. Analysis of 

variance for quercetin, myricetin, rutin and kaempferol content of mango and kinnow mandarin 

peel extracts (Table 4.9a) showed highly significant (P<0.01) effect of peel extracts, solvent 

type, concentration level and their interactions except for non-significant effect of peel as well as      

peel x solvent level interaction in case of quercetin flavonol.  Quercetin concentration of mango 
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Table 4.8a: Analysis of variance (mean squares) for flavanol, flavanone and xanthonoid content of mango and kinnow peel extracts 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Catechins 

(µg/g) 

Epicatechins 

(µg/g) 

Mangiferin 

(µg/g) 

Hesperidin 

(µg/g) 

Naringenin 

(µg/g) 

Peel             

Treat            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

PeelxTreatxLevel 

Error            

Total            

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

9817.5** 

   40.7** 

 1304.7** 

    3.4 

    7.6 

  684.5** 

 1016.6** 

    3.1 

220185** 

  12739** 

   1208** 

   7564** 

    871** 

   1366** 

   1747** 

      6 

61537.9** 

 1067.2** 

 2906.4** 

 1067.2** 

 2906.4** 

  957.9** 

  957.9** 

    3.2 

42138.5** 

  2278.8** 

   159.0** 

  2278.8** 

   159.0** 

    57.0** 

    57.0** 

     2.3 

16.9332** 

  2.5334** 

  7.6948** 

  2.5334** 

  7.6948** 

  0.7388** 

  0.7388** 

  0.1054 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Table 4.8b:  Effect of peel, solvent type and level on the catechin content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 62.34 ± 0.95b 83.62 ± 1.36a 51.16 ± 0.53c 65.71 ± 4.79A 

MPE x EtOH 45.73 ± 0.34d 67.41 ± 1.28b 88.50 ± 2.07a 67.21 ± 6.22A 

KPE x MeOH 26.24 ± 0.93g 32.06 ± 0.44f 37.89 ± 0.54e 32.06 ± 1.71C 

KPE x EtOH 18.54 ± 0.49h 49.46 ± 1.03cd 36.42 ± 0.88ef 34.81 ± 4.50B 

Values are presented as mean ± standard error of  triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 

  

 

 

Table 4.8c:  Effect of peel, solvent type and level on the epicatechin content (µg/g) of mango 

and kinnow peel extracts 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 167.33 ± 1.62c 198.40 ± 2.62b 242.73 ± 2.19a 202.82 ± 11.0A 

MPE x EtOH 131.07 ± 0.67e 152.13 ± 1.48d 125.42 ± 2.71e 136.21 ± 4.16B 

KPE x MeOH 20.54 ± 0.53f 17.25 ± 0.63f 14.46 ± 0.33fg 17.42 ± 0.91C 

KPE x EtOH 0.00 ± 0.00h 18.62 ± 0.54f 7.73 ± 0.60g 8.79 ± 2.71D 

Values are presented as mean ± standard error of  triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 
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Table 4.8d:  Effect of peel, solvent type and level on the mangiferin content (µg/g) of mango 

and kinnow peel extracts 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 56.78 ± 0.42e 99.75 ± 1.48c 124.20 ± 2.46a 93.58 ± 9.89A 

MPE x EtOH 37.89 ± 1.00f 112.18 ± 1.54b 65.33 ± 1.09d 71.80 ± 10.9B 

KPE x MeOH 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00C 

KPE x EtOH 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00C 

 

Table 4.8e:  Effect of peel, solvent type and level on the hesperidin content (µg/g) of mango 

and kinnow peel extracts 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00g  0.00 ± 0.00C 

MPE x EtOH 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00g 0.00 ± 0.00C 

KPE x MeOH 44.38 ± 1.08f 52.14 ± 1.22e 61.02 ± 1.17d 52.51 ± 2.47B 

KPE x EtOH 75.66 ± 1.67c 92.94 ± 1.23a 84.41 ± 1.01b 84.34 ± 2.58A 

 

Table 4.8f:  Effect of peel, solvent type and level on the naringenin content (µg/g) of mango 

and kinnow peel extracts 

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00C 

MPE x EtOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00C 

KPE x MeOH 1.97 ± 0.37b 0.00 ± 0.00c 3.74 ± 0.45a 1.90 ± 0.57A 

KPE x EtOH 0.00 ± 0.00c 0.00 ± 0.00c 2.52 ± 0.28b 0.84 ± 0.43B 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 
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and kinnow peel extracts  as affected by solvent type and their levels (Table 4.9b) revealed that 

highest quercetin content was recorded in mango peel 50% methanolic extract (35.20 ± 0.35 

µg/g) followed by 80% ethanolic extract (30.46 ± 0.60 µg/g). LSD-test showed significant 

difference among treatments of mango and kinnow peels. Data regarding myricetin content 

indicated that myricetin was not detected in kinnow peel extracts as well as mango peel 

methanolic extracts except for mango peel 50% (7.05 ± 0.30 µg/g) and 80% (11.085 ± 0.42 µg/g) 

ethanolic extracts(Table 4.9c). Similarly, rutin content was not detected in kinnow peel extracts 

and quantified only in mango peel extracts with highest concentration in 50% methanolic 

extracts (98.43 ± 1.88 µg/g). LSD-test revealed significant difference between interactions and 

overall means thus indicating significant effect of solvent type and level on rutin content (Table 

4.9d). In case of kaempferol content of mango and kinnow peel extracts, highest concentration 

was analyzed in mango peel 100% methanolic extract (84.01 ± 1.80 µg/g) whereas rutin was not 

detected in kinnow peel 100% ethanolic extract(Table 4.9e). Masibo and He (2008) quantified 

flavonols quercetin and kaempferol in mango peel as 65.30 mg/kg and 36.10 mg/kg respectively. 

Likewise, Mostafa (2013) reported flavonols content in ethanolic extract of mango peels as 

myricetin (26.13 ± 1.80 mg/g), kaempferol (2.68 ± 1.80 mg/g) and quercetin (1.34 ± 0.06 mg/g). 

Similarly, Jabri-karoui and Marzouk (2013) determined flavonol rutin as the dominant flavonoid 

in bitter orange peel methanolic extract (0.14 ± 0.03 mg/g) and accounted for 9.91 ± 1.18% of 

total phenolic compounds in bitter orange peel. 

          Total phenolic compounds in mango and kinnow peels as mango and kinnow peel extracts  

as affected by solvent type and their levels (Table 4.9f) revealed that mango peel methanolic 

extracts at 50% concentration level had highest phenolic content quantified (1134.35 ± 13.30 

µg/g) whereas kinnow peel 100% ethanolic extract had the least quantified phenolic compounds 

(178.75 ± 2.12 µg/g). Means of each phenolic compound quantified were compared statistically 

by LSD- test to assess the effect of solvents and their concentration level.  LSD- test showed 

non-significant difference between kinnow peel methanolic and ethanolic extracts but were 

significantly different from mango peel extract treatment means. Overall, significant variations 

were observed in phenolic acids and flavonoids content with respect to solvent concentrations. It 

was observed that 50% and 80% methanolic and ethanolic extracts lead to more phenolic 

compounds quantified as compared to absolute concentration levels. Among the phenolic 

compounds, coumaric acid was the most abundant phenolic acid in mango peel extracts. Gallic 

acid, ferulic acid and epicatechin were the other phenolic compounds present in high 
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concentration while myrecetin was the least quantified flavonoid in mango peel extracts as it was 

quantified only at 50% and 80% ethanol concentration level. In case of kinnow peel extracts, 

ferulic acid and hesperidin were the most abundant in kinnow mandarin peel extracts. The 

antioxidant activity of mango and kinnow peel extracts might be due to the phenolic acids and 

flavonoids contribution. Earlier, Chun et al. (2007) claimed that flavonoids were responsible for 

the antioxidant activities of plants. Quercetin and myricetin are regarded as strong antioxidant 

agents due to their potent free radical scavenging activities (Dukic, 2008). Results were in 

agreement with the findings of Zulkifli et al. (2012) who quantified peels of Peels of Mangifera 

indica, Citrus sinensis, Malus sylvestris and Psidium guajava through HPLC. It was noted that 

all fruit peels had significantly higher concentration of phenolic acids especially gallic and 

chlorogenic acid which contributed to their strong antioxidant activities along with flavonoids 

myrecetin, quercetin, kaempferol. They concluded that peels of Mangifera indica and Citrus 

sinensis had highest phenolic compounds and antioxidant activity.  
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Table 4.9a: Analysis of variance (mean squares) for flavonol content of mango and kinnow peel extracts 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Quercetin (µg/g) Myricetin(µg/g) Rutin(µg/g) Kaempferol(µg/g) Total(µg/g) 

Peel             

Treat            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

PeelxTreatxLevel 

Error            

Total            

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

   0.52
NS

 

 117.76** 

 329.43** 

  20.99** 

   0.94
NS

 

  58.39** 

 189.76** 

   0.89 

2.4544** 

2.4544** 

0.8112** 

2.4544** 

0.8112** 

0.8112** 

0.8112** 

0.0454 

27249.8** 

 2274.2** 

 2729.1** 

 2274.2** 

 2729.1** 

  925.1** 

  925.1** 

    3.5 

13192.1** 

  3637.3** 

    22.1** 

  3950.5** 

    18.0** 

   493.5** 

   298.3** 

     3.1 

3396784** 

  86927** 

 187889** 

  55192** 

  54663** 

   9701** 

   2103** 

    118 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Table 4.9b:  Effect of peel, solvent type and level on the quercetin content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 19.05 ± 0.23e 24.41 ± 0.17cd 35.20 ± 0.35a 26.22 ± 2.38A 

MPE x EtOH 15.91 ± 0.39f 30.46 ± 0.60b 16.86 ± 0.46ef 21.08 ± 2.36D 

KPE x MeOH 18.44 ± 0.65ef 29.78 ± 0.86b 25.71 ± 0.80cd 24.65 ± 1.70B 

KPE x EtOH 16.98 ± 0.39ef 23.71 ± 0.50d 26.98 ± 0.65c 22.56 ± 1.49C 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 

  

 

 

Table 4.9c:  Effect of peel, solvent type and level on the myricetin content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00B 

MPE x EtOH 0.00 ± 0.00c 11.08 ± 0.42a 7.05 ± 0.30a 6.04 ± 0.32A 

KPE x MeOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00B 

KPE x EtOH 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00B 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 
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Table 4.9d:  Effect of peel, solvent type and level on the rutin content (µg/g) of mango and 

kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 41.16 ± 0.98d 73.17 ± 1.97c 98.43 ± 1.88a 70.92 ± 8.33A 

MPE x EtOH 0.00 ± 0.00e 80.24 ± 2.29b 37.15 ± 0.65d 39.13 ± 11.6B 

KPE x MeOH 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00C 

KPE x EtOH 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00C 

 

Table 4.9e:  Effect of peel, solvent type and level on the kaempferol content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 84.01 ± 1.80a 62.49 ± 0.95c 69.78 ± 2.47b 72.09 ± 3.29A 

MPE x EtOH 28.82 ± 0.26e 42.56 ± 0.62d 31.73 ± 0.66e 34.37 ± 3.44B 

KPE x MeOH 12.52 ± 0.32gh 13.87 ± 0.54fg 12.18 ± 0.39gh 12.86 ± 0.34C 

KPE x EtOH 0.00 ± 0.00h 16.85 ± 0.41f 14.26 ± 0.66fg 10.37 ± 1.02C 

 

Table 4.9f:  Effect of peel, solvent type and level on total phenolic content (µg/g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 789.32 ± 2.41e 1049.95 ± 10.0b 1134.35 ± 13.3a 991.21 ± 52.24A 

MPE x EtOH 591.13 ± 2.77f 920.58 ± 5.60d 957.94 ± 4.25c 823.22 ± 58.80B 

KPE x MeOH 248.99 ± 5.04i 297.19 ± 2.64h 350.17 ± 4.47g 298.78 ± 14.76C 

KPE x EtOH 178.75 ± 2.12j 371.16 ± 6.79g 276.52 ± 5.26hi 275.49 ± 26.46C 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methanol, EtOH: Ethanol 
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Fig. 4.1. Typical chromatogram of polyphenols standards (200 µg/ml) at 280 nm 

1- Gallic Acid, 2- Chlorogenic acid, 3- Catechin, 4- Epicatechin, 5- Caffeic acid, 6- 

Hesperidin, 7- Trans-Ferulic acid, 8- Coumaric acid, 9- Naringenin 

 

 

 

Fig. 4.2. Typical chromatogram of polyphenol standards (200 µg/ml) at 370 nm 

1- Magniferin, 2- Myricetin, 3- Rutin, 4- Quercetin, 5- Kaempferol 

D
et

ec
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Fig. 4.3. Typical Chromatogram of  polyphenols  of mango peel 80%ethanolic extract at 

280 nm 

1- Gallic acid, 2- Chlorogenic acid, 3- Catechin, 4- Epicatechin, 5- Trans-Ferulic acid,                  

6- Coumaric acid 

 

 

Fig. 4.4. Typical Chromatogram of  polyphenols  of mango peel 80% ethanolic  extract at 

370 nm 

1- Magniferin, 2- Myricetin, 3- Rutin, 4- Quercetin, 5- Kaempferol 
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Fig. 4.5. Typical Chromatogram of  polyphenols  of kinnow mandarin peel 50% methanolic  

extract at 280 nm 

1- Gallic acid, 2- Chlorogenic acid, 3- Catechin, 4- Epicatechin, 5 -  Hesperidin,                                 

6- Trans-Ferulic acid, 7- Coumaric acid 

 

Fig. 4.6. Typical Chromatogram of polyphenols of kinnowmandarin peel 50% methanolic  

extract at 370 nm, 1- Quercetin, 2- Kaempferol 
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4.5. Antioxidant activity determination 

 Antioxidant potential is a significant indicator for evaluating the efficacy of bioactive 

compounds. An array of techniques is employed to assess the antioxidant activity of bioactive 

compounds in plant extracts. Owing to the complex nature of antioxidant compounds in plant 

extract, their mode of action is variable and it is generally advised to apply more than one assay 

to assess the antioxidant activity.  During the current study on polyphenols extracted from mango 

and kinnow peels, three antioxidant activity assays i.e. FRAP, DPPH and superoxide radical 

scavenging assay were employed for estimating the antioxidant potential of polyphenols.  

4.5.1. Ferric reducing antioxidant power (FRAP) assay 

 The FRAP assay is traditional method utilized to determine the antioxidant activity of 

plant extracts. The antioxidant power of a sample extract corresponds to reducing ability which 

refers its capability to transfer electron towards FRAP reagent. Analysis of variance for the 

FRAP activity of mango and kinnow mandarin peel extracts (Table 4.10a) indicated highly 

significant effect of peels as well as solvent concentration, significant effect of interactions peel 

x solvent type and peel x solvent concentration while there was non-significant effect of solvent 

type and interactions solvent type x concentration as well as peel xsolvent type x concentration. 

As evident from FRAP data (Table 4.10b) mango and kinnow peels polyphenols had high 

antioxidant activity extracted with ethanol as well as methanol solvents. However, mango peel 

samples extracted with ethanol had higher antioxidant activity than samples extracted with 

methanol while kinnow peel methanolic extracts had more antioxidant activity as compared to 

kinnow peel ethanolic extract but the difference between two solvents was non-significant. As 

regards solvent concentration level, mango peel 80% ethanolic extract had highest antioxidant 

activity (31.51 ± 0.79 mM/100 g) followed by mango peel 80% methanolic extract (30.22 ± 0.88 

mM/100 g) while polyphenols extracted with kinnow peel 50% ethanolic extract had the least 

activity (21.29 ± 0.70 mM/100 g). LSD-test showed that there were non-significant difference 

between FRAP values of methanol and ethanol solvent mango as well as kinnow peel extracts 

individually but were significantly different for mango and kinnow peel extracts. However, 

mango peel methanolic and kinnow peel ethanolic extracts at different concentration levels were 

significantly different among each other.The antioxidant activity of mango and kinnow peel 

extracts may be attributed to phenolic compounds present in mango and kinnow peels. Berardini 

et al. (2005) assessed FRAP activity of mango peel ethanolic and water extracts. They observed 
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Table 4.10a: Analysis of variance for FRAP activity of mango and kinnow peels extracts 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Peel             

Treat            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

Peel x Treat x Level 

Error 

Total 

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

179.962 

  0.128 

160.019 

 13.653 

 20.317 

  2.533 

  7.073 

 55.559 

439.244 

179.962 

  0.128 

 80.010 

 13.653 

 10.158 

  1.266 

  3.537 

  2.315 

77.74** 

 0.06
NS

 

34.56** 

 5.90* 

 4.39* 

 0.55
NS

 

 1.53
NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

 

 

Table 4.10b:  Effect of peel, solvent type and level on FRAP activity (mM/100g) of mango 

and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 24.76 ± 0.70d 30.22 ± 0.88a 28.43 ± 0.48b 27.81 ± 0.88A 

MPE x EtOH 25.38 ± 0.99cd 31.51 ± 0.79a 29.87 ± 1.20ab 28.92 ± 1.05A 

KPE x MeOH 21.95 ± 0.83ef 27.67 ± 1.11bc 24.08 ± 0.92de 24.57 ± 0.96B 

KPE x EtOH 22.53 ± 0.76e 25.82 ± 0.67c 21.29 ± 0.96f 23.21 ± 0.79B 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol 
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 higher antioxidant activity in ethanolic extract 436 µmol Trolox/100 g as compared to water 

extraction 361 µmol Trolox/100g. Results were in line with   the findings of Zulkifli et al. (2012) 

who reported FRAP value for peels of Chakonan mango (Mangifera indica) peel and Navel 

orange (Citrus sinensis) as 37.51 ± 0.62 mM/100 g and 20.03 ± 1.46 mM/100 g respectively. 

Similarly, Oikeh et al. (2014) evaluated the in vitro antioxidant activity of sweet orange (Citrus 

sinensis) wastes and found that 70% ethanolic extract of  flavedo had maximum FRAP value 

(800.30 ± 1.53 µmole Fe
2+

/g extract) whereas the absolute ethanolic sweet orange seed extracts 

had minimum FRAP value (329 ± 1.53 µmole Fe
2+

/g extract). However, FRAP values for mango 

peel extracts were higher than determined by Imran et al. (2013) who investigated antioxidant 

potential of peels of different mango varieties and observed FRAP values in the range of 6.25 ± 

0.11 to 8.96 ± 0.42 mmol/100 g of mango peels extracted with ethanol. Difference in FRAP 

activity among different studies might be influenced by type of mango and citrus variety, solvent 

type as well as solvent concentration. 

4.5.2. DPPH radical scavenging assay 

 Free radical scavenging activity of mango and kinnow peel extracts prepared with 

methanol and ethanol solvent types and levels were evaluated for DPPH inhibition at various 

extract concentrations (12.5-400 µg/mL). The DPPH percentage inhibition with mango and 

kinnow peel extract has been presented in fig. 4.7a, 4.7b, 4.8a and 4.8b. High antiradical activity 

was exhibited by mango and kinnow peel extracts having direct correlation with extract 

concentration as higher the extract concentration more was the antiradical activity.  

 Analysis of variance for DPPH radical scavenging activity (Table 4.11a) showed highly 

significant effect of peels, solvent type, solvent concentration as well as their interactions on 

antiradical activity of extracts. Data regarding DPPH radical scavenging activity of mango and 

kinnow peel extracts (Table 4.11b) indicated high antioxidant activity of all sample extracts. 

However, highest scavenging activity (83.19 ± 0.96%) was exhibited by mango peel samples 

extracted with solvent ethanol at 80% concentration level whereas kinnow peel samples 

extracted with 100% methanol had the lowest scavenging activity (55.61 ± 0.98%). Aqueous 

solvent extracts had higher inhibitory activity against DPPH radical as compared to 

corresponding absolute solvents which may be attributed to higher polyphenol content in these 

extracts. When compared to standard ascorbic acid, DPPH radical scavenging activity of mango 

and kinnow peel extracts was relatively less than the standard ascorbic acid (95.83 ± 0.75%). 

LSD-test revealed that there were non-significant difference between overall means of 
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methanolic extracts of mango and kinnow peel but were significantly different from mango and 

kinnow peel ethanolic extracts. The scavenging potential of plant extracts antioxidants 

corresponds to the degree of discolouration (Kalpna et al., 2011). Number of hydroxyl groups on 

phenol ring is critically significant for antiradical activity as it enhances with the number of 

hydroxyl groups. High antioxidant activity of extracts is attributed to hydroxyl groups in the 

phenolic compounds (Tian et al., 2009).  Kim et al. (2010) reported a linear association between 

polyphenol concentration and DPPH scavenging activity in ripened and unripened mango peel 

extracts. Among solvents, ethanol extracted samples exhibited more scavenging activity than 

samples extracted with methanol. Results were in agreement with the investigations of Imran et 

al. (2013) who observed that antioxidant activity of mango peel extracts are influenced by 

solvent type and concluded that ethanolic extracts of mango peels had higher DPPH inhibitory 

activity in comparison with water and acetone extracts. As regards kinnow peel antiradical 

activity, results were different from earlier reported by Karsheva et al. (2013) that 50% ethanolic 

extracts had highest DPPH radical scavenging activity than 20% and 70% ethanolic extracts. 

Similarly, peel and pulp of kinnow mandarin, orange and lemon were assessed for total 

polyphenols and free radical scavenging activities were assessed by Al-Juhaimi (2014) and 

reported that orange pulp exhibited highest radical scavenging activity (69.31%) followed by 

kinnow mandarin peel (68.57%) while lemon peel had lowest radical scavenging activity 

(46.98%). Park et al. (2014) found that DPPH radical scavenging activity of orange flesh was 

more than orange peel and reported that acetone extract of orange flesh had highest DPPH 

radical scavenging activity than ethanolic and methanolic extracts. The IC50 value is negatively 

correlated to antioxidant activity and the lower the IC50 value the higher the sample antioxidant 

activity (Chanda et al., 2011). Similarly, Oikeh et al. (2014) observed that IC50 value of 70% 

ethanolic extract of sweet orange (Citrus sinensis) seeds was lowest (0.18 mg/ml) and hence had 

more radical scavenging activity than albedo and flavedo extracts. 
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Table 4.11a: Analysis of variance for DPPH radical scavenging activity of mango and 

kinnow peels extracts 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Peel             

Treat            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

Peel x Treat x Level 

Error 

Total 

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

335.073 

  154.878 

972.350 

 328.153 

 123.314 

  134.402 

  157.630 

 55.559 

439.244 

335.073 

  154.878 

 486.175 

 328.153 

 61.657 

  67.201 

  78.815 

  2.315 

142.34** 

 65.79** 

206.53** 

 139.39** 

 26.19** 

 28.55** 

 33.48** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

Table 4.11b:  Effect of peel, solvent type and level on DPPH radical scavenging activity (%) 

of mango and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 59.17 ± 1.40gh 62.41 ± 1.02f 67.72 ± 1.78de 63.10 ± 1.41B 

MPE x EtOH 66.04 ± 1.85e 83.19 ± 0.96a 70.63 ± 1.07ab 73.29 ± 1.29A 

KPE x MeOH 55.61 ± 0.98i 72.83 ± 0.65b 60.67 ± 1.24fg 63.04 ± 0.95B 

KPE x EtOH 57.18 ± 1.49hi 69.74 ± 1.14cd 56.52 ± 0.92i 61.15 ± 1.18C 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol 
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Fig. 4.7a: Effect of solvent methanol levels on DPPH scavenging activity of mango peel 

extracts 
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Fig. 4.7b: Effect of solvent ethanol levels on DPPH scavenging activity of mango peel 

extracts 
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Fig. 4.8a: Effect of solvent methanol levels on DPPH scavenging activity of kinnow 

mandarin peel extracts 
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Fig. 4.8b: Effect of solvent ethanol levels on DPPH scavenging activity of kinnow mandarin 

peel extracts 
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4.5.3. Superoxide radical scavenging assay 

Superoxide anion radical is though itself a weak oxidant but may leads to the generation 

of dangerous and powerful hydroxyl radicals and singlet oxygen that are responsible for 

oxidative stress related disorders. The antioxidants scavenge the superoxide anion and the 

percentage scavenging of superoxide anion radical increases with elevated concentration of 

antioxidants (Jayakumar et al., 2009).  

Free radical scavenging activity of mango and kinnow peel extracts prepared with 

methanol and ethanol solvent types and levels were evaluated for superoxide inhibition at 

various extract concentrations (12.5-400 µg/mL). The superoxide percentage inhibition with 

mango and kinnow peel extract has been presented in fig. 4.9a, 4.9b, 4.10a and 4.10b. Analysis 

of variance for superoxide radical scavenging activity (Table 4.12a) revealed highly significant 

effect of solvent type, solvent concentration level and their interactions on antiradical activity of 

extracts, while there was non-significant effect of mango and kinnow peel extracts on superoxide 

scavenging activity. Data regarding the effect of different solvents and their concentration levels 

on superoxide anion radical scavenging activity of mango and kinnow peel extracts(Table 4.12b) 

revealed high antioxidant activity of all sample extracts. However, mango peel ethanolic extracts 

at 80% concentration level exhibited highest activity to scavenge superoxide anion radical (67.23 

± 0.85%) followed by kinnow peel 80% methanolic extract (64.80 ± 1.17%) whereas mango peel 

100% methanolic extract had least scavenging activity (51.96 ± 1.02%). Aqueous solvent 

extracts had higher inhibitory activity against superoxide radical as compared to corresponding 

absolute solvents which may be attributed to higher polyphenol content in these extracts. When 

compared to standard ascorbic acid, superoxide radical scavenging activity of mango and kinnow 

peel extracts was relatively less than the standard ascorbic acid (87.83 ± 0.92%). LSD-test 

revealed that there were significant difference between overall means of methanolic and 

ethanolic extracts of mango and kinnow peel with mango peel ethanolic extracts exhibited 

maximum antiradical activity while minimum activity was determined in mango peel methanolic 

extracts. Overall, strong antioxidant activity was exhibited against superoxide radical which 

might be due to presence of polar phenolic compounds in the peel extracts. Results were in line 

with the investigations of Mathur et al. (2011) who assessed the antioxidant activities of pulp and 

peel of citrus fruits kinnow, orange, shaddock and noted that ethanolic extract of peel and pulp of 

citrus fruits had higher superoxide radical scavenging activity than aqueous and chloroform 

extracts. Kinnow peel (87%) and shaddock pulp (90%) exhibited highest scavenging activity as  
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Table 4.12a: Analysis of variance for superoxide radical scavenging activity of mango and 

kinnow peels extracts 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Peel             

Treatment            

Level            

Peel x Treat       

Peel x Level       

Treat x Level      

Peel x Treat x Level 

Error 

Total 

  1 

  1 

  2 

  1 

  2 

  2 

  2 

 24 

 35 

0.436 

         32.490 

292.730 

 250.906 

 32.043 

  28.843 

  25.638 

 55.559 

439.244 

0.436 

        32.490 

 146.365 

 250.906 

 16.021 

  14.422 

  12.819 

  2.315 

0.23
 NS

 

 17.30** 

77.94** 

    133.60** 

 8.53** 

 7.68** 

 6.82** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

Table 4.12b:  Effect of peel, solvent type and level on superoxide radical scavenging activity 

(%) of mango and kinnow peel extracts  

Peel x 

Treatment 

Level 
Mean 

100% 80% 50% 

MPEx MeOH 51.96 ± 1.02g 55.60 ± 0.91ef 56.79 ± 1.09e 54.78 ± 1.01D 

MPE x EtOH 57.31 ± 1.28de 67.23 ± 0.85a 61.35 ± 1.17c 61.96 ± 1.09A 

KPE x MeOH 56.86 ± 1.37e 64.80 ± 1.57b 59.19 ± 0.83cd 60.28 ± 1.25B 

KPE x EtOH 55.28 ± 0.99ef 61.37 ± 1.63c 54.06 ± 1.11c 61.15 ± 1.23C 

Values are presented as mean ± standard error of triplicate analyses. Means sharing similar letter 

in a row or in a column are statistically non-significant (P>0.05). Small letters represent 

comparison among interaction means and capital letters are used for overall mean. MPE: Mango 

peel extract, KPE: Kinnow peel extract, MeOH: Methnol, EtOH: Ethanol 
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Fig. 4.9a: Effect of solvent methanol levels on superoxide anion radical scavenging activity 

of mango peel extracts 

 

 

 

 

 

 



130 
 

 

Fig. 4.9b: Effect of solvent ethanol levels on superoxide anion radical scavenging activity of 

mango peel extracts 
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Fig. 4.80a: Effect of solvent methanol levels on superoxide anion radical scavenging activity 

of kinnow mandarin peel extracts 
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Fig. 4.90b: Effect of solvent ethanol levels on superoxide anion radical scavenging activity 

of kinnow mandarin peel extracts 
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compared to others. Similarly, Kalpna et al. (2011) evaluated the antioxidant potential of 

different fruit and vegetable peels by solvents methanol, acetone, chloroform, hexane and 

observed that mango peels had highest superoxide radical scavenging activity as compared to 

other fruits and vegetable extracts.  

 Generally, antioxidant activity results determined by different assays were in line with 

earlier investigations that polyphenols significantly contribute to antioxidant activity of plant 

extracts (Fei et al., 2007; Motlhanka, 2008; Olabinri et al., 2009). 

4.5.4. Correlation analysis of total polyphenols content with antioxidant activity 

Coefficient of correlations between phenolic compounds content and antioxidant activity 

of mango and kinnow peel extracts has been presented in table 4.13. The scavenging activities of 

mango peel extracts on DPPH(r = 0.907) and superoxide anion radical(r = 0.958) as well as 

ferric reducing antioxidant power(r = 0.629) were well correlated with their total polyphenol 

content. As regards kinnow mandarin peel extracts, the antioxidant activity determination assays 

i.e. FRAP (r = 0.892), DPPH (r = 0.8569) and superoxide anion radical(r = 0.9293) were also 

correlated with their total polyphenol content which indicated that the antioxidant activity of 

kinnow peel extracts might be due to their polyphenols content. The antioxidant activity of 

mango and kinnow peel extracts showed positive correlation with total phenolics i.e. peel 

extracts with higher phenolic content exhibited enhanced antioxidant activity and vice versa. 

Similar positive correlation between total polyphenols and antioxidant activities have been 

reported in fruit waste extracts by different researchers (Jahan, 2011; Khammuang & Sarnthima, 

2011; Wong et al., 2014; Zulkifli et al., 2012). 
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Table 4.13: Correlation between total polyphenols and antioxidant activities (FRAP, DPPH   

and Superoxide radical scavenging assays) of mango peel extracts 

Treatments Assay FRAP DPPH Superoxide 

radical 

Mango Peel Total Phenolics 0.629
*
 

 

0.907
*
 0.958

*
 

Kinnow Peel Total Phenolics 0.892
*
 0.857

*
 0.929

*
 

               *All values were significant at p < 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



135 
 

4.6. Assessment of cardioprotective activity 

          Cardiovascular diseases are the leading cause of mortality in advanced and industrialized 

countries as well as increasing at alarming rate in developing countries (El-Sayed et al., 2011). 

Myocardial infarction refers to the acute necrosis of myocardium and considered as the major 

component of cardiovascular disorders owing to its complications and high rate of mortality        

(Roger, 2007). Free radicals and reactive oxygen species (ROS) are implicated in myocardial 

problems and may play vital role in myocardial infarction pathogenesis. It is assumed that plant-

derived foods may limit the risk of coronary heart disease due to their antioxidant activity against 

free radicals and ROS.  

 During the current study, the cardioprotective activities of mango and kinnow peel 

polyphenolic extracts were evaluated.  Ultrasound assisted extraction technique was selected for 

biological studies of polyphenols from mango and kinnow peel extracts.Though extraction with 

either methanol or ethanol led to high polyphenols and exhibited maximum antioxidant activity, 

solvent ethanol categorized under GRAS (Generally Recognized as Safe) was employed due to 

its application in food system. Since 80% concentration level resulted in highest polyphenol 

extraction, bulk extraction of polyphenols was carried out from mango and kinnow peels by 

employing 80% ethanol for the prepation of polyphenolic extract doses to albino rats in order to 

evaluate cardioprotective activities of polyphenolic extracts. During the study, different doses of 

mango and kinnow peel extracts (75, 150, 300 mg/kg b.w.) were given once daily by oral gavage 

for sixty days and in order to induce myocardial infarction, doxorubicin injection was 

administered @ 2.5 mg/kg body weight intraperitoneal in six equal doses on alternate days from 

50
th

 to 60
th

 day. After 48 hours of last doxorubicin injection dose, albino rats were anaesthetized 

with chloroform and blood was collected by cardiac puncture in blood collection tubes. Serum 

was separated by centrifugation and used for biochemical studies. 

4.6.1. Effect of mango and kinnow peel extracts on serum cardiac markers 

Cardioprotective potential of mango and kinnow peels polyphenolic extracts were 

assessed on serum cardiac markers such as LDH, CK-MB, CPK and AST. Lactate 

dehydrogenase (LDH) is the enzyme expressed widely in body tissues especially in cardiac 

muscles that catalyzes the interconversion of pyruvate and lactate. Since LDH is released during 

tissue damage, it is considered as biomarker of cardiac injury. Another enzyme creatine 

phosphokinase is significant for muscle functions, generally present in cardiac muscles which are 

released into bloodstream after cardiac injury. CK-MB is another enzyme specifically found in 
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heart muscles and considered as biomarker of myocardial infarction. Aspartate transminase 

(AST) catalyzes the amino groups intermolecular transfer and thus considered as a vital enzyme 

in metabolic reactions. Significantly higher concentrations of AST are present in heart and liver 

tissues. Upon injury to heart or liver, these enzymes are released into blood. Elevated 

concentration of AST is an important diagnostic test for myocardial infarction. 

Doxorubicin, a naturally occurring anthracycline has the potential to produce dose-

dependent cardiotoxicity thus destroy myocardium and leads to cardiac failure (Corna et al., 

2004). The mechanism of doxorubicin induced cardiotoxicity is complex and may involve 

generation of iron-mediated free radicals and lipid peroxidation in myocardial membranes that 

lead to induction of oxidative stress and irreversible injury of myocardial tissues (Barry et al., 

2007; Mohammad et al., 2013; Takemura & Fujiwara, 2007).  As a result of myocardial damage, 

cystolic enzymes are released into the blood stream and serve as the diagnostic biomarkers of 

myocardial tissue damage (Wakade et al., 2008). 

Analysis of variance for the cardioprotective activity of peel extracts (Table 4.14a) 

indicated highly significant (P<0.01) effect of different treatments on serum cardiac markers. 

Doxorubicin (DOX) administration to albino rats significantly increased serum LDH, CK-MB, 

CPK and AST. Dox group as well as other experimental groups showed higher concentration of 

serum cardiac markers than control group (Table 4.14b). LSD-test revealed significant difference 

between serum enzyme levels of control and DOX group for all cardiac markers.  

As regards LDH, doxorubicin administration significantly elevated the serum LDH level 

(342.33 ± 11.97 IU/L) in DOX group rats as compared to normal control group (182.83 ± 13.05 

IU/L). Pre-treatment with peel extracts significantly minimize the effect of doxorubicin 

administration on serum cardiac biomarkers level in different treatment groups. However, the 

changes were more pronounced at low dose of peel extracts especially kinnow peel extracts 

(304.67 ± 6.22 IU/L) and were non-significantly different from DOX group. Rats group pre-

treated with high dose of mango peel extract had minimum elevation of doxorubicin induced 

LDH level (209.17 ± 5.51 IU/L) and were non-significantly different from control group. In case 

of CK-MB, significant increase in enzyme level of DOX group (52.50 ± 4.39 IU/L) was 

observed as compared control (19.18 ± 3.83 IU/L). For pre-treatment groups, highest and lowest 

elevation in CK-MB level in serum were observed in kinnow peel extract low dose (46.50 ± 4.16 

IU/L) and mango peel extract high dose (28.33 ± 2.13 IU/L) respectively. Cardiac biomarker 

CPK level in serum ranged from137.33 ± 11.72 IU/L (control group) to 281.50 ± 8.78 IU/L 
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(DOX group). Pre-treatment with mango peel extract high dose resulted in maximum protective 

effect due to minimum increase in CPK level (171.67 ± 6.98 IU/L) as compared to other pre-

treatment groups which might be due to activity of mango peel extract on maintaining the 

membrane integrity thus restricting the enzymes leakage. As regards AST enzymes, doxorubicin 

administration significantly elevated the AST level in DOX group (180.33 ± 9.81 IU/L) than 

control group (77.67±4.74 IU/L). Pre-treatment with peel extracts especially at medium and high 

doses efficiently hindered the AST secretions from cardiac tissues into the blood, therefore 

decreased doxorubicin induced AST levels. 

Overall, DOX group revealed significant elevation in the levels of cardiac marker 

enzymes which indicated severe myocardial damage. Similar severe damage to myocardium due 

to doxorubicin administration was reported by different research studies (Baniya et al., 2015; 

Koti et al., 2013; Manish et al., 2011). Low dose of peel extracts had non-significant effect on 

serum cardiac markers. Pre-treatment with medium (150 mg/kg b.w.) and high dose (300 mg/kg 

b.w.) of peel extracts exhibited cardioprotective activity as evident by restricted cardiac enzyme 

concentration in serum. Maximum cardioprotective activity was exhibited by groups pre-treated 

with high dose (300 mg/kg b.w.) of peel extracts especially mango peel extracts that maintained 

the membrane integrity of myocardial tissues. The cardioprotective potential of mango and 

kinnow mandarin peel extracts might be attributed to the presence of antioxidant phenolic 

compounds with free radical scavenging activity. Prabhu et al. (2006) investigated the 

cardioprotective effect of xanthone mangiferin in rats and concluded that mangiferin protected 

the experimental myocardial infarction due to its antioxidant, free radical scavenging, 

immunomodulatory, antilipidperoxidative and cardiotonic characteristics. Results were 

comparable with the investigations of Abdel-Raheem and Abdel-Ghany (2009) who reported that 

hesperidin, a citrus bioflavonoid protected cardiac tissues against cardiotoxic effects of 

doxorubicin owing to its free radical scavenging activities. Likewise, Ayaz et al. (2011) studied 

the role of green tea extract against doxorubicin-induced cardiotoxicity in rats and observed that 

200 mg/kg green tea extract had the maximum cardioprotective effect owing to potent 

antioxidant activity of polyphenols. Similarly, Bhupati et al. (2014) reported the cardioprotective 

effect of Vitis vinifera in doxorubicin-induced oxidative stress in rats was due to free radical 

scavenging activity of polyphenols and flavonoids present in the extracts.  
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      Table 4.14a: Analysis of variance (mean squares) for serum cardiac enzymes in rats 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

LDH (IU/L) CK-MB(IU/L) CPK(IU/L) AST(IU/L) 

Treatment 

Error 

Total 

7 

40 

47 

16819** 

  494 

328.7** 

 29.15 

11371** 

  448 

6562.0** 

  227.2 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.14b: Cardioprotective effect of mango and kinnow peel extracts on serum cardiac markers in doxorubicin 

                      induced cardiotoxicity in rats 

Treatments LDH (IU/L) CK-MB(IU/L) CPK(IU/L) AST(IU/L) 

Control group 

DOX group 

MPE (75mg/kg b.w.)+ DOX 

MPE (150mg/kg b.w.)+ DOX 

MPE (300mg/kg b.w.)+DOX 

KPE (75mg/kg b.w.)+ DOX 

KPE (150mg/kg b.w.)+DOX 

KPE (300mg/kg b.w.)+DOX 

182.83±13.05f 

342.33±11.97a 

278.50±9.66bc 

231.83±8.81de 

209.17±5.51ef 

304.67±6.22ab 

257.17±7.36cd 

221.17±7.15def 

19.18±3.83f 

52.50±4.39a 

44.33±2.82bc 

33.17±3.50de 

28.33±2.13e 

46.50±4.16ab 

39.33±2.24bcd 

31.33±1.87de 

137.33±11.72e 

281.50±8.78a 

220.17±6.88bc 

197.00±7.40cd 

171.67±6.98de 

239.33±8.55b 

204.50±9.23bcd 

189.17±8.62cd 

77.67±4.74e 

180.33±9.81a 

139.00±6.62bc 

108.50±4.31d 

101.00±4.48de 

156.83±5.15ab 

145.83±6.63bc 

124.17±5.59cd 

Means sharing similar letter in a column are statistically non-significant (P>0.05). DOX: doxorubicin, MPE: Mango peel extract, KPE: 

Kinnow peel extract 
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4.6.2. Effect of mango and kinnow peel extracts on serum lipid profile 

 Lipids play a significant role in the pathogenesis of cardiovascular disease, not only by 

inducing hyperlidemia and subsequent development of atherosclerosis but also by modifying the 

cellular membrane structure, composition and stability. A high concentration of lipids in blood 

accelerates atherosclerosis and is considered as major risk factor in myocardial infarction 

(Abirami & Kanagavalli, 2013).  

Doxorubicin administration to albino rats significantly elevated the lipids level in blood 

and induced hyperlipidemia. Analysis of variance for the lipid profile of different groups 

revealed highly significant (P<0.01) effect of different treatments on serum cholesterol, 

triglycerides, HDL and LDL (Table 4.15a). As evident by LSD-test, there were significant 

differences between normal control and DOX treated group for all lipid profile parameters 

(Table 4.15b). Pre-treatment with different doses of peel extracts reduced the DOX-induced 

hyperlipidemia in the dose-dependent manner. As regards cholesterol level (Table 4.15b), a 

significant elevation was observed in serum cholesterol level (115.33 ± 5.46 mg/dL) in DOX 

group as compared to control group without intervention (61.17 ± 3.57 mg/dL). Pre-treatment 

with peel extracts significantly minimize the effect of doxorubicin administration on serum 

cholesterol level in different treatment groups. Preventive effect of peel extracts against 

doxorubicin induced cholesterol level was pronounced at medium and higher doses. Maximum 

preventive effect (77.50 ± 2.29 mg/dL) was exhibited by mango peel extract high dose (300 

mg/kg b.w.) while minimum preventive effect (101.83 ± 3.74 mg/dL) was observed in kinnow 

peel extract low dose (75 mg/kg b.w.) and was non-significant to DOX group. Thus the results 

showed that peel extracts especially at high dose levels were effective against DOX-induced 

hyperlipidemia.  

In case of triglycerides (Table 4.15b), a significant increase (146.50 ± 5.46 mg/dL) was 

recorded in the level of serum triglycerides in rats of DOX group than normal control group 

(84.50 ± 2.36 mg/dL).  Experimental hyperglyceridemia in doxorubicin administered rats might 

be due to decline in the lipoprotein lipase activity in the myocardium leading to lesser uptake of 

triglycerides from the blood circulation (Sivakumar et al., 2007). Pre-treatment with mango and 

kinnow peel extracts at different dose levels significantly minimize the effect of doxorubicin 

administration on serum triglycerides concentration. However, preventive effect of peel extracts 

low dose was least as compared to medium and high dose levels. Highest preventive effect 

(103.17 ±2.91 mg/dL) was exhibited by mango peel extracts medium dose i.e. 75 mg/kg b.w. and  
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Table 4.15a: Analysis of variance (mean squares) for serum lipid profile in rats 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

HDL(mg/dL) LDL(mg/dL) Triglycerides(mg/dL) Cholesterol (mg/dL) 

Treatment 

Error 

Total 

7 

40 

47 

47.905** 

 7.458 

390.38** 

 27.93 

2142.4** 

   76.0 

1612.1** 

  73.1 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

Table 4.15b: Cardioprotective effect of mango and kinnow peel extracts on serum lipid profile in doxorubicin-induced 

cardiotoxicity in rats  

Tretments HDL(mg/dL) LDL(mg/dL) Triglycerides(mg/dL) Cholesterol (mg/dL) 

Control group 

DOX group 

MPE (75mg/kg b.w.)+ DOX 

MPE (150mg/kg b.w.)+ DOX 

MPE (300mg/kg b.w.)+DOX 

KPE (75mg/kg b.w.)+ DOX 

KPE (150mg/kg b.w.)+DOX 

KPE (300mg/kg b.w.)+DOX 

25.00±1.24a 

16.33±1.45b 

17.17±0.95b 

19.83±0.60b 

21.17±0.95ab 

16.83±1.14b 

19.17±1.25b 

19.83±1.14b 

45.67±2.28d 

71.50±3.06a 

64.50±1.65ab 

58.50±1.48bc 

54.00±1.73cd 

66.33±2.55ab 

62.83±2.27abc 

56.67±1.76bc 

84.50±2.36e 

146.50±5.46a 

119.50±2.43bc 

103.17±2.91d 

101.00±3.66d 

128.33±3.40b 

111.83±4.19cd 

106.17±3.00cd 

61.17±3.57e 

115.33±5.46a 

94.17±2.39bc 

83.17±2.50cd 

77.50±2.29d 

101.83±3.74ab 

90.00±3.83bcd 

81.17±3.02cd 

Means sharing similar letter in a column are statistically non-significant (P>0.05). DOX: doxorubicin, MPE: Mango peel extract, KPE: 

Kinnow peel extract                                                                                                
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was non-significantly different to dose 300 mg/kg. b.w. of mango peel extract(101.00 ± 3.66 

mg/dL). Therefore, peel extracts especially mango peel extracts showed a strong lipid lowering 

chemotherapeutic agent. 

 Low density lipoprotein (LDL) is a kind of lipoprotein that carries triglycerides and 

cholesterol from the liver to the exterior tissues and facilitates the movement of cholesterol and 

fat within the blood stream as well as modulates cholesterol synthesis. They are often considered 

bad cholesterol due to the fact that their elevated levels may pose serious cardiovascular 

disorders. During the current study, administration of doxorubicin elevated seum LDL level in 

DOX treated group (71.50 ± 3.06 mg/dL) as compared to control group (45.67 ± 2.28 mg/dL). 

There was an elevation in the LDL mobilization from the blood into myocardial membranes, 

leading to abnormally high deposition of cholesterol in the myocardium. Pre-treatment of rats 

with peel extracts medium and high dose significantly reduced the level of LDL (Table 4.15b). 

Maximum preventive activity (54.00 ± 1.73 mg/dL) was determined in mango peel extracts high 

dose (300 mg/kg. b.w.) while minimum preventive activity (66.33 ± 2.55 mg/dL) was recorded 

in kinnow peel low dose (75 mg/kg b.w.) that was non-significantly different from DOX group. 

 High density lipoprotein (HDL) is a type of lipoproteins that remove lipids such as 

cholesterol, triglycerides and phospholipids from the cells, from atheroma within arteries and 

transport it back to liver for re-utilization or excretion and thus considered as good cholesterol. 

Elevated concentration of HDL protects against coronary heart disease whereas low HDL 

concentration enhance the risk of cardiovascular disorders (Hong et al., 2002). A significant 

decline in HDL level was estimated in doxorubicin treated group (16.33±1.45 mg/dL) than 

control group (25.00 ± 1.24 mg/dL). Pre-treatment of rats with peel extracts elevated the HDL 

level but the increase was non-significant except for 300 mg/kg b.w. dose level of mango peel 

extract (21.17 ± 0.95 mg/dL). The HDL- cholesterol protective role may be ascribed to its 

antioxidant, antithrombotic characteristics as well as its role in reverse cholesterol transport 

(Barter et al., 2003).  

 Overall, increase in the level of total cholesterol, triglycerides, LDLs and decrease in 

HDLs in the doxorubicin group revealed that doxorubicin interfered with the biosynthesis of 

lipids. Pre-treatment of mango and kinnow peel extracts especially at medium (150 mg/kg b.w.) 

and high dose (300 mg/kg b.w.) levels indicated a decline in serum lipid profile with 

concurrently elevation in HDLs. Lipid lowering activity of peel extracts might be due to 

restriction of cholesterol biosynthesis, enhanced fecal bile acid secretion, catabolism of LDL 
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cholesterol and enhanced uptake of LDL from blood by the liver (Manish et al., 2011). 

Flavonoids may assist in uptake of oxidatively modified LDL by scavenging mechanism (Jahan, 

2012).The findings of current study exhibiting doxorubicin induced hyperlipidemia and were in 

line with the earlier investigations (Pallavi et al., 2012; Abirami & Kangavalli, 2013; Baniya et 

al., 2015).   

4.6.3. Effect of mango and kinnow peel extracts on serum liver function activities 

 Liver function activities parameters studied in albino rats include alanine transminase 

(ALT), aspartate trnsminase (AST), alkaline phosphatase (ALP) and bilirubin. Serum AST and 

ALT catalyze amino groups intermolecular transfer and thus considered as vital enzymes in 

metabolic reactions. Significantly higher concentrations of AST are present in heart and liver 

tissues whereas AST is present pre-dominantly in liver. Serum ALT and serum AST levels are 

considered important biomarkers for liver health. Upon injury to liver, these enzymes are 

released into blood and their elevated concentration is an important diagnostic test for liver 

function disorders. Another enzyme, ALP is mostly concentrated in bile duct, liver and 

inflammation of biliary tract lead to its higher concentration in blood circulation. Bilirubin is 

breakdown product of heme which is excreted in bile as well as urine and its higher 

concentration may pose certain liver diseases.  

Analysis of variance for liver function parameters of albino rats showed non-significant 

(P>0.05) effect of different treatments on ALT, ALP and bilirubin while highly significant 

(P<0.01) effect of peel treatments was observed on serum AST (Table 4.16a). Doxorubicin 

administration to albino rats significantly increased their liver function activities parameters and 

induced hepatotoxicity. As evident by LSD-test, there were significant differences between 

control and DOX group (Table 4.16b). Pre-treatment with different doses of peel extracts did not 

ameliorate the doxorubicin induced hepatotoxicity. Data regarding serum AST level has already 

been discussed in serum cardiac markers segment. In case of ALT level (Table 4.16b), a 

significant elevation was observed in DOX group (61.00 ± 5.29 IU/L) as compared to control 

group (26.17 ± 3.48 IU/L). There were non-significant differences among peel treatment groups 

as well as DOX group revealing that pre-treatment with peel extracts for 60 days did not 

minimize the effect of doxorubicin administration on ALT level in different treatment groups. As 

regards ALP, a significant increase was recorded in DOX group (191.50 ± 6.55 IU/L) as 

compared to normal control (109.50 ± 5.18 IU/L). However, there were non-significant 

differences among different peel extract treatment groups and DOX group indicating that
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Table 4.16a: Analysis of variance (mean squares) for serum liver function parameters in rats 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

AST(IU/L) ALT(IU/L) ALP(IU/L) Bilirubin (mg/dL) 

Treatment 

Error 

Total 

7 

40 

47 

6562.0** 

  227.2 

761.33
 NS

 

  379.15 

4757.1
 NS

 

         2734.3 

 

0.17852
 NS

 

0.09702 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05)               

Table 4.16b:  Effect of mango and kinnow peel extracts on serum liver function parameters in doxorubicin-induced cardiotoxicity in 

rats  

Treatment AST(IU/L) ALT(IU/L) ALP(IU/L) Bilirubin (mg/dL) 

Control group 

DOX group 

MPE (75mg/kg b.w.)+ DOX 

MPE(150mg/kg b.w.)+ DOX 

MPE (300mg/kg b.w.)+DOX 

KPE (75mg/kg b.w.)+ DOX 

KPE (150mg/kg b.w.)+DOX 

KPE (300mg/kg b.w.)+DOX 

77.67±4.74e 

180.33±9.81a 

139.00±6.62bc 

108.50±4.31d 

101.00±4.48de 

156.83±5.15ab 

145.83±6.63bc 

124.17±5.59cd 

26.17±3.48b 

61.00±5.29 a 

53.33±3.57 a 

48.00±1.92 a 

46.17±2.26 a 

59.17±3.22 a 

54.33±3.57 a 

47.83±2.71 a 

109.50±5.18b 

191.50±6.55 a 

183.50±3.66 a 

172.17±3.61 a 

174.83±3.59 a 

187.67±6.02 a 

181.00±6.58 a 

179.83±6.52 a 

0.478±0.036b 

0.863±0.035a 

0.873±0.018 a 

0.827±0.040 a 

0.843±0.032 a 

0.837±0.041 a 

0.862±0.027 a 

0.850±0.038 a 

*Means sharing similar letter in a column are statistically non-significant (P>0.05) **DOX: doxorubicin, MPE: Mango peel extract,  

KPE: Kinnow peel extract 
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pre- treatment with different dose levels of peel extract for 60 days did not minimize the effect of 

DOX-induced hepatotoxicity. Similarly, a significant elevation was observed in doxorubicin 

group (0.863 ± 0.035 mg/dL) than control group (0.478 ± 0.036 mg/dL). Like ALT and ALP, 

there were non-significant differences in bilirubin level among different peel extract treatment 

groups and DOX group revealing that pre-treatment with peel extracts for 60 days did not 

ameliorate the doxorubicin-induced hepatotoxicity.  

Overall, hepatic injury or hepatotoxicity induced by doxorubicin was exhibited by the 

elevated levels of AST, ALT, ALP and bilirubin levels. However, different treatment groups of 

mango and kinnow peel extracts did not ameliorate the doxorubicin induced hepatotoxicity and 

thus had no hepatoprotective effect. Results were in contradiction with earlier investigations of 

Maheshwari et al. (2011) who reported hepatoprotective activities of phenolic rich fraction (75 

mg/kg b.w.) of seabuckthorn leaves. Similarly, Hozayen et al. (2014) observed that plant 

phenolics components hesperidin and rutin exhibited hepatoprotective activities against  

doxorubicin induced liver toxicity in rats. 

4.6.4. Effect of mango and kinnow peel extracts on serum renal function activities 

 Renal function activities parameters studied in albino rats include blood urea nitrogen   

(BUN), creatinine and uric acid. The BUN is a measure of nitrogen concentration in the blood 

that originates from urea and is considered as renal function marker, though not as significant 

marker as creatinine due to the fact that external factors such as dehydration and diet influenced 

blood urea levels (Traynor et al., 2006). Serum creatinine is a byproduct of muscle metabolism, 

removed from the blood by the kidneys and since it is excreted unaltered by the kidneys, it is 

considered as the vital renal health indicator. Creatinine blood level elevates in case of 

malfunctioning of kidneys or deficient filtration in the kidneys. Uric acid is the breakdown 

product of purine nucleotides, elevated concentrations in the blood may lead to gout, kidney 

stones, hypertension, obesity and other medical disorders. Due to low excretion by the kidneys, 

serum uric acid concentration may be elevated and high concentration of uric acid in blood 

above normal is known as hyperuricemia which is also considered as risk factor for 

cardiovascular disorders (Borghi et al., 2014; Pasalic et al., 2012).  

Analysis of variance for renal function activities parameters of albino rats showed highly 

significant (P<0.01) effect of different treatments on BUN, serum creatinine and uric acid (Table 

4.17a). Doxorubicin administration to albino rats significantly increased their renal function 

activities parameters and induced kidney disorders. As evident by LSD-test, there were 
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significant differences between control and DOX treated groups (Table 4.17b). Pre-treatment 

with different doses of peel extracts decreased the DOX-induced renal disorders in the dose-

dependent manner. As regards BUN level (Table 4.17b), a significant increase was observed in p 

DOX treated group (48.00 ± 3.24 mg/dL) as compared to control group without intervention 

(17.50 ± 1.73 mg/dL). Pre-treatment with peel extracts significantly minimize the effect of 

doxorubicin administration on blood urea level in different treatment groups. Preventive effect of 

peel extracts against doxorubicin induced elevated BUN level was pronounced at medium and 

higher doses. Maximum preventive effect (31.00 ± 2.14 mg/dL) was exhibited by mango peel 

extract high dose (300 mg/kg b.w.) while minimum preventive effect (42.33 ± 2.42 mg/dL) was 

observed in mango peel extract low dose (75 mg/kg b.w.) and was non-significant to DOX 

group. Thus the results showed that peel extracts especially at high dose levels were effective 

against DOX-induced BUN elevated levels.  

 Data regarding creatinine level revealed significant elevation in DOX group (1.328 ± 

0.038 mg/dL) than normal control group (0.715 ± 0.035 mg/dL). Preventive effect of peel 

extracts against doxorubicin induced elevated ctreatinine level was maximum (0.982 ± 0.027 

mg/dL) at mango peel extract high dose (300 mg/kg b.w.) while low dose levels (75 mg/kg b.w.) 

peel extracts though prevented the creatinine elevation but the prevention was non-significant 

with the least preventive effect (1.220 ± 0.025 mg/dL) for low dose mango peel extract.  

In case of serum uric acid, a significant increase was recorded in DOX group (8.75 ± 

0.045 mg/dL) as compared to control group without intervention (3.59 ± 0.036 mg/dL). Pre-

treatment with peel extracts significantly minimize the effect of doxorubicin administration on 

creatinine level in different treatment groups. Preventive effect of peel extracts against 

doxorubicin induced elevate creatinine level was pronounced at medium and higher doses. Low 

dose mango and kinnow peel extracts were non-significant to each other but were significantly 

different from other peel extracts. Maximum preventive effect (6.47 ± 0.076 mg/dL) was 

exhibited by mango peel extract high dose (300 mg/kg b.w.) while minimum preventive effect 

(8.16±0.045 mg/dL) was observed in kinnow peel extract low dose (75 mg/kg b.w.). Overall, 

elevated levels of BUN, creatinine and uric acid in doxorubicin or positive control group 

indicated that doxorubicin interfered with the functioning of renal organs. Similar nephrotoxicity 

induced by doxorubicin administration in albino rats was earlier reported by Shafik et al. (2011). 

Pre-treatment of mango and kinnow peel extracts especially at high dose (300 mg/kg b.w.) levels 

exhibited a reduction in serum renal parameters and ameliorated the nephrotoxicity
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Table 4.17a: Analysis of variance (mean squares) for serum renal function parameters in rats 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Urea(mg/dL) Creatinine (mg/dL) Uric acid(mg/dL) 

Treatment 

Error 

Total 

7 

40 

47 

494.56** 

 35.43 

0.20690** 

 0.00518 

15.092** 

 0.16 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05)               

Table 4.17b: Effect of mango and kinnow peel extracts on serum renal function parameters in doxorubicin-induced cardiotoxicity in 

rats  

Treatments BUN(mg/dL) Creatinine (mg/dL) Uric acid(mg/dL) 

Control group 

DOX group 

MPE (75mg/kg b.w.)+ DOX 

MPE(150mg/kgb.w.)+ DOX 

MPE (300mg/kg b.w.)+DOX 

KPE (75mg/kg b.w.)+ DOX 

KPE (150mg/kg b.w.)+DOX 

KPE (300mg/kg b.w.)+DOX 

17.50±1.73d 

48.00±3.24a 

42.33±2.42ab 

33.83±2.55bc 

31.00±2.14c 

40.17±1.74abc 

36.67±2.79bc 

33.50±2.46bc 

0.715±0.035e 

1.328±0.038a 

1.220±0.025ab 

1.073±0.026cd 

0.982±0.027d 

1.198±0.028abc 

1.123±0.028bc 

1.142±0.025bc 

3.59±0.036f 

8.75±0.045a 

7.96±0.047b 

6.91±0.066d 

6.47±0.076e 

8.16±0.045b 

7.65±0.052c 

7.08±0.037d 

*Means sharing similar letter in a column are statistically non-significant (P>0.05) 

**DOX: doxorubicin, MPE: Mango peel extract, KPE: Kinnow peel extract 
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 which might be due to extracts phenolic compounds with free radical scavenging activity. 

Results were in agreement with the findings of Bhupati and Shashank (2014) who reported 

protective effect of Vitis vinifera polyphenolic extract in doxorubicin-induced oxidative stress in 

albino rats heart, kidney and liver was attributed to antioxidant activity of extracts. Normal group 

albino rats serum biochemical values were similar to that reported by Johnson-Delaney and 

Harrison (1996). They observed the biochemical reference ranges of rats as AST: 45.7-80.8 

IU/L, LDH: 61.0-121 IU/L, ALT: 17.5-30.2 IU/L, ALP: 56.8-128 IU/L, Cholesterol: 40-130 

mg/dL, Triglycerides: 26-145 mg/dL, BUN: 15-21 mg/dL, Creatinine: 0.2-0.8 mg/dL, Uric acid: 

1.2-7.5 mg/dL, Bilirubin: 0.2-0.55 mg/dL. 

 As regards safety assessment of peel extracts, oral gavage administration of different 

doses of mango and kinnow peel polyphenolic extracts for sixty days did not exhibit adverse 

effect on the organs such as kidneys as evident by biochemical analysis and thus regarded as safe 

for dietary intake. Earlier, Yamakoshi et al. (2002) assessed the safety of grapeseed extract in 

rats and concluded that incorporation of grapeseed extract upto 2% of diet exhibited no adverse 

effects in rats which correlated to a dietary intake of 1501 and 1410 mg/kg in females and males, 

respectively. Similarly, Patel (2008) conducted the safety assessment of pomegranate fruit 

extract for 90 days at dose level 600 mg/kg/day and reported no adverse effect. The safety 

assessment of polyphenolic extracts in humans was carried out by Haber et al. (2007) and 

reported oral intake of pomegranate ellagitannin-enriched polyphenolic extract at level upto 1420 

mg/kg (870 mg of gallic acid equivlent) for 28 days did not induce any adverse changes in serum 

chemistry, hematology or urinanalyses. 

4.6.5. Effect of mango and kinnow peel extracts on antioxidant enzymes in heart tissues 

 In biological systems free radicals are generated frequently but nature has provided 

within cells the reducing mechanism that neutralizes free radicals. Oxidative stress is the 

condition induced due to change in normal redox state which is ameliorated by the endogenous 

enzymes like superoxide dismutase, glutathione peroxidase and catalase. Superoxide dismutase 

converts reactive oxygen species into hydrogen peroxide (H2O2) which is then converted into 

H2O by catalase or glutathione peroxidase. During Ischemia, the endogenous antioxidant system 

is destroyed and hydrogen peroxide is converted into hydroxyl radical (Manish et al., 2011). 
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Analysis of variance for the cardioprotective activity of peel extracts (Table 4.18a) 

indicated highly significant (P<0.01) effect of different treatments on heart tissues antioxidant 

enzymes SOD, CAT and GPx. LSD-test showed significant difference between control without 

intervention and DOX group (Table 4.18b). Doxorubicin administration to albino rats 

significantly decreased the myocardial antioxidants. Pre-treatment with peel extracts 

significantly minimize the effect of doxorubicin administration on serum cardiac antioxidant 

level in different treatment groups.   

Superoxide dismutase (SOD) is a myocardial enzyme that involves in the dismutation of 

reactive oxygen species into hydrogen peroxide. As regards SOD activity (Table 4.18b), a 

significant decrease was observed in DOX group (3.13 ± 0.47 units/mg protein) as compared to 

normal control group (6.95 ± 0.61 units/mg protein). The decreased activity of SOD may be due 

to accumulation of superoxide anions in the myocardial tissues which are detrimental for 

myocardium. Pre-treatment with peel extracts followed by doxorubicin administration 

significantly minimize the effect of doxorubicin induced cardiotoxicity on cardiac SOD level in 

different treatment groups. Preventive effect of mango and kinnow peel extracts was pronounced 

at 300mg/kg b.w. dose level. Maximum preventive effect (5.15 ± 0.66 units/mg protein) was 

exhibited by mango peel extract high dose (300 mg/kg b.w.) whereas minimum preventive effect 

(3.40 ± 0.35 units/mg protein) was observed in kinnow mandarin peel extract low dose (75 

mg/kg b.w.) and was non-significantly different to DOX group as well as mango peel low dose. 

 Endogenous enzyme catalase converts hydrogen peroxide (H2O2) into water and oxygen. 

Data regarding catalase activity (Table 4.18b) revealed significant decline in doxorubicin group 

(19.78 ± 1.37 units/mg protein) than normal group (33.42 ± 0.84 units/mg protein). The decline 

in catalase activity might be due to inactivation of superoxide dismutase by excessive superoxide 

anions leading to further inactivation of hydrogen peroxide scavenging catalase enzyme. 

Preventive effect of peel extracts against doxorubicin induced decline in catalase level was 

Catalase 
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maximum (28.82 ± 1.00 units/mg protein) at 300 mg/kg b.w. dose level of mango peel extract 

whereas kinnow peel extract low dose i.e.75 mg/kg b.w. exhibited lowest preventive effect 

(21.27 ± 1.01 units/mg protein). 

 Glutathione peroxidase reduces hydrogen peroxide, peroxides as well as peroxynitrite 

and thus plays a significant role in neutralizing the oxidative stress.  Doxorubicin administration 

to albino rats significantly decreased the glutathione peroxidase activity in doxorubicin treated 

group (1.24 ± 0.24 µg GSH consumed /min/mg protein) as compared to normal group (2.18 ± 

0.33 µg GSH consumed /min/mg protein). Glutathione depletion in cardiac tissues might be 

attributed to lipid peroxidation which ultimately enhanced glutathione consumption (Manish et 

al., 2011). Pre-treatment of albino rats with different doses of mango and kinnow peel extracts 

especially medium and high dose levels exhibited elevation in the glutathione peroxidase 

activity. Highest preventive effect(1.73 ± 0.16 µg GSH consumed /min/mg protein) was 

observed in groups pretreated with 300 mg/kg b.w. dose of mango peel extract which was non-

significant to rats group pre-treated with 300 mg/kg b.w. dose of kinnow peel extract(1.62 ± 0.18 

µg GSH consumed /min/mg protein but was significantly different from DOX group. 

 During the current study, endogenous antioxidant enzymes SOD, CAT and GPx activities 

were significantly lower in doxorubicin administered group which might be attributed to reduce 

availability of their substrates. These enzymes play a significant role in alleviating the ROS 

induced mycordial injury and constitute the first line of defense against oxidative injury. 

Generation of highly reactive free radicals restricted the antioxidant enzymes activities 

(Karthikeyan et al., 2007). Restriction in antioxidant enzymes activities may result in elevated 

production of free radicals and hydrogen peroxide which ultimately forms hydroxyl radical(OH•) 

leading to number of detrimental reactions (Davey & Atlee, 2011). Pre-treatment with mango 

and kinnow peel extracts especially at 300 mg/kg b.w. dose level inhibited the doxorubicin-

induced cardiotoxicity which might be due to peel extracts polyphenols with antioxidant activity. 

Low dose of peel extracts had non-significant effect on cardiac antioxidant enzymes. Mango peel 

extracts exhibited relatively higher cardioprotective activity due to prevention of antioxidant 

enzymes activity depletion in the rat myocardium. The elevation in heart tissues antioxidant 

enzymes might be due to cellular adaptive mechanism that leads to more synthesis of these 

antioxidant enzymes as well as ascribed to free radical scavenging activity of phenolic 

compounds present in the extracts (Karthikeyen et al., 2007). Results were in line with the earlier 

investigations of Abdel-Raheem and Abdel-Ghany (2009) who reported that polyphenol
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Table 4.18a: Analysis of variance (mean squares) for cardiac tissues antioxidant enzymes 

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

SOD (units/mg protein) CAT (units/mg protein) GPx (µg GSH consumed/min/mg                                   

protein)  

Treatment 

Error 

Total 

7 

16 

23 

4.609** 

1.010 

60.731** 

 2.949 

0.2879** 

0.0860 

     ** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

4.18b: Effect of different doses of mango and kinnow peel extracts on cardiac tissues antioxidant enzymes in doxorubicin-induced 

cardiotoxicity in rats 

Treatment SOD (units/mg protein) CAT (units/mg protein) GPx (µg GSH consumed /min/mg 

protein) 

Control group 

DOX group 

MPE (75mg/kg b.w.)+ DOX 

MPE (150mg/kg b.w.)+ DOX 

MPE (300mg/kg b.w.)+DOX 

KPE (75mg/kg b.w.)+ DOX 

KPE (150mg/kg b.w.)+DOX 

KPE (300mg/kg b.w.)+DOX 

6.95±0.61a 

3.13±0.47c 

3.47±0.41c 

4.03±0.55bc 

5.15±0.66ab 

3.40±0.35c 

4.21±0.28bc 

4.58±0.39ab 

33.42±0.84a 

19.78±1.37d 

21.64±0.93cd 

25.19±0.74bc 

28.82±1.00ab 

21.27±1.01cd 

24.53±0.61bcd 

26.95±1.21b 

2.18±0.33a 

1.24±0.24c 

1.29±0.37c 

1.50±0.10b 

1.73±0.16ab 

1.31±0.07bc 

1.40±0.12bc 

1.62±0.18ab 

*Means sharing similar letter in a column are statistically non-significant (P>0.05). 

**DOX: doxorubicin, MPE: Mango peel extract, KPE: Kinnow peel extract 
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flavonoid hesperidin enhanced the superoxide dismutase activity and glutathione levels in 

cardiac tissues and attenuated the doxorubicin induced cardiotoxicity. Jahan (2011) observed that 

polyphenolic extracts of medicinal plants significantly increased the antioxidant enzymes (SOD, 

GPx and CAT) activities in isoproterenol induced cardiotoxicity in rabbits myocardium. 

Similarly, Bhupati et al. (2014) reported Vitis vinifera (black grapes) significantly elevated the 

cardiac antioxidant enzymes SOD, CAT and GSH in doxorubicin-induced oxidative stress in rats  

due to free radical scavenging activity of polyphenols and flavonoids present in the extracts.  

4.6.6. Effect of mango and kinnow peel extracts on cardiac histopathology 

 Histopathological evaluation of cardiac tissue on normal control group showed a normal 

mycordium with well-preserved cytoplasm, myocardial fibres of uniform configurations, no 

inflammatory cell infiltrates and regular morphology of myocardial cell membrane (Fig. 4.11a). 

Marked degeneration and cardiomyopathy ocured in myocardium of doxorubicin administered 

group as evident by mitochondrial swelling, cytoplasmic vacuole formation, loss of striation, 

leukocyte infiltration and edema (Fig. 4.11b). Pretreatment with mango peel extract 75 mg/kg 

b.w. + DOX group showed moderate to severe changes in myocardium such as swelling of 

mitochondria, cytoplasmic vacuole formation, loss of striations and necrosis (Fig. 4.11c). Rats 

group pretreated with 150 mg/kg b.w. mango peel polyphenolic extract for 60 days + DOX 

administration indicated moderate changes in myocardium like mitochondrial swelling, loss of 

striation (Fig. 4.11d). However, rats group pretreated with 300 mg/kg b.w. mango peel phenolic 

extract for 60 days + DOX resulted in least changes in myocardium such as cytoplasmic vacuole 

formation and inhibited DOX induced cardiac damage(Fig. 4.11e). As regards cardiac 

histopathology of albino rats pretreated with kinnow mandarin peel extract, 75 mg/kg b.w. 

kinnow peel extract dose for 60 days + DOX was ineffective against doxorubicin induced 

cardiotoxicity and exhibited severe changes in myocardium similar to DOX group like 

cytoplasmic vacuole formation, mitochondrial swelling, loss of striation, edema and 

necrosis(Fig. 4.11f). Pretreatment with 150 mg/kg kinnow peel extract + DOX resulted in 

moderate changes to myocardium of rats such as loss of striation and mitochondrial swelling 

(Fig. 4.11g). Albino rats group pretreated with 300 mg/kg b.w. kinnow mandarin phenolic 

extract for 60 days + DOX showed slight changes in myocardium like cytoplasmic vacuole 

formation (Fig. 4.11h). 

Overall, peel extract dose levels 150 mg/kg b.w. and 300 mg/kg b.w. provided cardio-

protection to albino rats myocardium against doxorubicin induced cardiotoxicity. However,
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pretreatment with peel extracts @ 300 mg/kg b.w. for 60 days exhibited maximum cardio-

protection as evident by mild histopathological changes as compared to DOX group cardiac 

histopathology. Mango peel extract exhibited comparatively higher cardioprotective activity than 

kinnow mandarin peel extract. The higher cardioprotective activity of mango peel extracts 

revealed by histopathological investigations might be due to free radical scavenging and 

protective activity of phenolic compound mangiferin present in mango peel extracts. The 

histopathological changes observed in the myocardium of doxorubicin administered rat group  

were similar to those earlier reported (Davey & Atlee, 2011; Kaithwas et al., 2011; Koti et al., 

2013; Manish et al., 2011; Pathan et al., 2011). Results were in agreement with the findings of 

Prabhu et al.(2006) that magniferin, a xanthone polyphenol pretreatment @ 10mg/100g b.w. for 

28 days revealed maximum protection evident by least histopathological changes as compared to 

isoproterenol induced myocardial infarction in rats. Similarly, Abdel-Raheem and Abdel-Ghany 

(2009) observed that pretreatment with hesperidin flavonoid @ 200 mg/kg to albino rats 

protected the myocardium against doxorubicin induced cardiotoxicity revealed by normal 

myocardium with no inflammatory cells infiltration, alleviated the edema and blood vessels 

congestion.   
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Fig. 4.101a:  Photomicrograph of normal control without intervention rat heart tissue 

showing normal myocardium 

 

Fig. 4.11b: Photomicrograph of DOX group rat heart tissue showing marked degeneration 

as loss of striation, mitochondrial swelling, leukocyte infiltrate, cytoplasmic 

vacuole formation, necrosis and edema  
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Fig.4.121c: Photomicrograph of rat heart tissue pretreated with mango peel extract (75 

mg/kg b.w.) + DOX treated rat heart tissue showing moderate to severe changes 

as mitochondrial swelling, loss of striations, cytoplasmic vacuole formation and 

necrosis  

 

Fig. 4.131.d: Photomicrograph of rat heart tissue pretreated with mango peel extract (150 

mg/kg b.w.) + DOX treated rat heart tissue showing moderate changes as 

mitochondrial swelling and loss of striations 
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Fig. 4.141e: Photomicrograph of rat heart tissue pretreated with mango peel extract (300 

mg/kg b.w.) + DOX treated rat heart tissue showing slight change as 

cytoplasmic vacuole formation  

  

Fig.4.11f: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (75 

mg/kg b.w.) + DOX treated rat heart tissue showing severe changes as 

cytoplasmic vacuole formation, mitochondrial swelling, loss of striation, onset of 

necrosis and edema 
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Fig. 4.11g: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (150 

mg/kg b.w.) + DOX treated rat heart tissue showing moderate changes as 

mitochondrial swelling loss of striations  

 

 

Fig. 4.11h: Photomicrograph of rat heart tissue pretreated with kinnow peel extract (300 

mg/kg b.w.) + DOX treated rat heart tissue showing slight change as 

cytoplasmic vacuole formation 
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4.6. Assessment of antimicrobial activity 

 Mango and kinnow mandarin peels 80% ethanolic extracts were further studied for 

antimicrobial activity against bacterial strains Staphylococcus aureus, Bacillus cereus and 

Salmonella typhimurium. Extract concentration levels 250, 500, 750 and 1000 μg disc
-1

 were 

applied for antimicrobial activity assessment of peel extracts. Salmonella typhimurium is the 

gram negative pathogenic bacteria causing most common food poisoning characterized by 

nausea, vomiting, abdominal cramps and diarrhea. Staphylococcus aureus is gram positive 

bacteria generally present on skin, respiratory tract and is responsible for causing illness such as 

food poisoning as well as certain skin infections. Bacillus cereus is gram positive strain 

commonly found in soil and food, responsible for foodborne illness causing vomiting, severe 

nausea and diarrhea (Kotiranta et al., 2000). 

 Analysis of variance for antimicrobial activity of mango and kinnow peel extracts (Table 

4.19a) revealed highly significant (P<0.01) effect of peel extracts, bacterial strains, concentration 

level as well as their interactions. As evident from the table 4.19b, peel extracts exhibited 

significantly different antimicrobial activity against bacterial strains. LSD-test indicated 

significant differences among mango and kinnow peel extracts overall mean of antimicrobial 

activity at 250 and 500μg disc
-1

 concentration levels but higher concentration level 1000 μg   

disc
-1 

of mango and kinnow peel extracts were non-significant to each other. As regards peel x 

extract level x bacterial strain interaction, mango peel extract level 1000μg disc
-1 

inhibitory 

activity against Staphylococcus aureus was significantly different from other extract levels and 

bacterial strains. The bacterial growth inhibition activity was increased with higher concentration 

of mango and kinnow peel extracts with highest inhibitory activity was exhibited at 1000 μg 

disc
-1 

which implies that microbial growth inhibition is dose dependent. Antibiotic 

chlomphenicol used as standard exhibited the highest antimicrobial activity against three 

bacterial strains as compared to antimicrobial activity of mango and kinnow peel extracts. 

Mango peel extracts at concentration level 250 µg/disc exhibited no antimicrobial activity 

against Salmonella typhimurium and Bacillus cereus whereas highest antimicrobial activity was 

recorded against Staphylococcus aureus (15.00 ± 1.16 mm) at extract concentration 1000μg disc
-

1
 whereas highest inhibitory activity against Bacillus cereus was analyzed as (13.67 ± 0.33 mm). 

Mango peel extract antimicrobial activity against Salmonella typhimurium was comparatively 

low (7.00 ± 0.95 mm) than other two bacterial strain studied. 
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In case of kinnow mandarin peel extracts antimicrobial activity, concentration level 250 

μg disc
-1

 exhibited no antimicrobial activity against three bacterial strains studied, while at 500 

μg disc
-1

 concentration, slight inhibitory activity (8.67 ± 0.33 mm) was observed against 

Staphylococcus aureus but no antimicrobial activity against Bacillus cereus and Salmonella 

typhimurium. However, at concentration level 1000 μg disc
-1

, maximum inhibition zone (16.00 ± 

0.58 mm) was recorded against Staphylococcus aureus whereas minimum inhibition zone (9.00 

± 1.16 mm) was noted against Salmonella typhimurium.  

It was observed that Gram positive strains (S. aureus and B. cereus) were more sensitive 

to kinnow peel extracts as compared to Gram-negative strain (S. typhimurium). The variation in 

sensitivity among bacterial strains was ascribed to cell wall structure difference of strains. The 

cell wall of Gram-negative bacteria is bestowed with outer membrane as well as periplasmic 

space which hinder the antimicrobial substances penetration thus provides more resistant to 

Gram-negative bacteria (Staszewski et al., 2011; Oliveira et al., 2013). Overall, kinnow peel 

extract exhibited comparatively higher inhibitory activity against S. aureus, B. cereus and S. 

typhimurium than mango peel extracts. Antimicrobial activity of plant extracts might be 

attributed to the presence of polyphenols in extracts as high antimicrobial activity was exhibited 

by plant extracts with elevated polyphenol content (Sanhueza et al., 2014). The effectiveness of 

plant extracts as antimicrobial agents depend on the polyphenols type such as phenolic acids, 

flavonoids and tannins. Flavonols such as quercetin are considered as potent antimicrobial agents 

(Li & Xu, 2008). Antimicrobial activity is greatly influenced by the position and number of 

hydroxyl groups since these groups may interact with the bacterial cell membrane to disrupt its 

structure that leads to cellular components leakage (Xue et al., 2013). Results were in accordance 

with the findings of Chanda et al. (2010) who observed the mango peel methanolic extract 

antimicrobial activity against Staphylococcus aureus and Salmonella typhimurium as 16 mm and 

12 mm respectively. Similarly, Mathur et al. (2011) reported that kinnow peel ethanolic extract 

possessed maximum antimicrobial activity against Staphylococcus aureus than other tested 

microorganisms. Similarly, highest antimicrobial activity of orange, lemon and banana peels 

against Staphylococcus aureus than other studied bacterial, yeast and fungal strains were 

observed by El-Zawawy (2015). 

 

 

 



159 
 

Table 4.19a: Analysis of variance table for antimicrobial activity of mango and kinnow 

peels extracts. 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Peel  

Treatment  

Level  

Peel x Treat  

Peel x Level   

Treat x Level   

Peel x Treat x Level 

Error 

Total 

1 

 2 

 3 

 2 

 3 

 6 

 6 

48 

71 

    280.06 

    490.33 

  1532.10 

     71.44 

     145.39 

     50.56 

     64.11 

    69.92 

  2703.91 

280.06 

 245.16 

510.70 

  35.72 

  48.46 

  8.43 

  10.68 

  1.46 

   191.82** 

   167.92** 

 349.79** 

    24.46** 

    33.19** 

    5.77** 

      7.31** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.19b: Antimicrobial activity of mango and kinnow mandarin peel extracts at 

different concentration levels  

Peel x Level (μg  

disc
-1

) 

Zone of inhibition (mm) 
Mean 

S. aureus B. cereus S. typhimurium 

MPE x 250 6.67 ± 0.66g 0.00 ± 0.00h 0.00 ± 0.00h     2.22 ± 0.26E 

MPE x 500 10.00 ± 0.58e 9.33 ± 0.33ef 0.00 ± 0.00h      6.44 ± 0.45D 

MPE x 750 12.33 ± 0.88d 11.00 ± 1.16de 6.00 ± 0.58g     9.78 ± 0.86C 

MPE x 1000 15.00 ± 1.16ab 13.67 ± 0.33bc 7.00 ± 0.95g    11.89 ± 0.82AB 

KPE x 250 0.00 ± 0.00h 0.00 ± 0.00h 0.00 ± 0.00h     0.00 ± 0.00F 

KPE x 500 8.67 ± 0.33f 0.00 ± 0.00h 0.00 ± 0.00h     2.89 ± 0.56E 

KPE x 750 14.00 ± 1.16bc 12.67 ± 1.02cd 7.33 ± 0.96g    11.33 ± 1.05B 

KPE x 1000 16.00 ± 0.58a 14.33 ± 0.88b 9.00 ± 1.16ef    13.11 ± 0.87A 

Chloramphenicol 

x 500 

31.33 ± 1.16 33.67 ±

. 

0.95 27.00 ± 0.58    30.66 ± 0.91 

Mean±SE. Means sharing similar letter in a row or in a column are statistically non-significant 

(P>0.05). Small letters represent comparison among interaction means and capital letters are 

used for overall mean. MPE: Mango peel extract, KPE: Kinnow peel extract.  

Chloramphenicol: Standard antibiotic 
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4.7. Development of fruit bars 

Fruit bars fortified with mango/kinnow peel polyphenolic extracts (1%, 2%, 3%) were 

developed as a functional food and studied for different quality parameters. Each bar of 

approximately 25 g was packed in aluminum foil and stored at refrigerated and ambient 

temperature. Fruit bar ingredients were analyzed for physicochemical and microbiological 

parameters before processing. 

4.7.1. Physico-chemical and microbiological analysis of raw material 

 Proximate composition is significant to assess the quality of raw material. Analysis of 

variance for proximate composition of mango fruit bar raw material revealed highly significant 

(P<0.01) variation in treatments (Table 4.20a). LSD-test indicated that moisture, ash, crude fat, 

crude protein, crude fiber and available carbohydrates varied significantly among mango pulp, 

roasted corn flour and skimmed milk powder (Table 4.20b). Mango pulp had the highest 

moisture content (79.82 ± 0.66%) while lowest moisture was analyzed in roasted corn flour  

(3.03 ± 0.05%) and was non-significant to skimmed milk powder moisture content but was 

significantly different from mango pulp. Highest ash (8.45 ± 0.10%) and crude protein (34.91 ± 

0.54%) was recorded in skimmed milk powder whereas maximum crude fat (4.78 ± 0.07%), 

crude fiber (3.38 ± 0.09%) and available carbohydrates (79.97 ± 0.66%). Lowest ash (0.51 ± 

0.01%), crude fat (0.44 ± 0.03%), crude protein (0.59 ± 0.04%) and available carbohydrates 

(17.86 ± 0.21%) were determined in mango pulp.  

Proximate composition of mango pulp was slightly different from the composition 

reported by Prasad (2009) as moisture 80.1%, ash 0.7%, fat 0.1%, carbohydrates 18.5% and 

proteins 0.60% which might be due to difference in mango varieties analyzed. During another 

study, Naz et al. (2014) determined the proximate composition of mango pulp Chaunsa variety 

having moisture 81.40%, ash 0.22%, fats 0.43% and protein 0.51%. Murtaza et al. (2015) 

reported the composition of skimmed milk powder at ambient temperature as moisture 3.50%, 

ash 7.86%, protein 32.07% and fat 0.99% which were quite close to the proximate composition 

of skimmed milk powder determined during the current study. The proximate composition of 

roasted corn flour was slightly varied from the composition of roasted corn reported by Adetunde 

et al. (2012) which might be due to different varieties and environmental conditions. As regards 

physico-chemical analysis of chaunsa mango pulp, total soluble solids 18.90 ± 0.12° brix, 

titratable acidity 0.52 ± 0.03%, brix/acid ratio 36.30 ± 1.95, pH4.49 ± 0.01, reducing sugars 4.63 

± 0.06% and total sugars 16.07 ± 0.08% were determined. As evident from the data,
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     Table 4.20a: Analysis of variance (mean squares) for proximate composition of fruit bar raw material 

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

Moisture (%) Ash (%) Crude Fat (%) Crude Protein 

(%) 

Crude Fiber 

(%) 

Carbohydrates 

(%) 

Treatment 

Error 

Total 

2 

6 

8 

5826.2** 

0.4 

52.071** 

0.012 

17.667** 

0.007 

1009.4** 

0.3 

9.3765** 

0.0114 

2902.3** 

0.7 

     ** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.20b:  Proximate composition of mango pulp, roasted corn flour and skimmed milk powder  

Raw material Moisture (%) Ash (%) Crude Fat (%) Crude Protein 

(%) 

Crude Fiber 

(%) 

Carbohydrates 

(%) 

Mango pulp 

Roasted corn flour 

Skimmed milk powder 

79.82±0.66a 

3.03±0.05b 

3.97±0.07b 

0.51±0.01c 

2.31±0.03b 

8.45±0.10a 

0.44±0.03c 

4.78±0.07a 

0.74±0.03b 

0.59±0.04c 

6.53±0.08b 

34.91±0.54a 

0.78±0.05b 

3.38±0.09a 

0.00±0.00c 

17.86±0.21c 

79.97±0.66a 

51.93±0.50b 

     Means sharing similar letter in a column are statistically non-significant (P>0.05).   

Table 4.20c:  Physico-chemical analysis of mango pulp 

Treatment TSS(° brix) Acidity (%) Brix/acid ratio 

 

pH Total sugars (%) Reducing sugars (%) 

 

Mango pulp 18.90 + 0.12    0.52 +0.03                         36.30 +1.95                       4.49 +0.01                   16.07+0.08                      4.63+0.06   

                   

 Values are presented as mean ± standard error of triplicate analyses.
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the chaunsa mangoes were fully matured and ripened with high TSS, low acidity and high sugars 

content (Table 4,20c). Prasad (2009) determined the mango pulp percent acidity 0.26%, reducing 

sugars 32% and total sugars 15.60%.  During another study, Sarojini et al. (2009) recorded the 

mango pulp TSS 15° brix, titratable acidity 0.40, pH 2.5, reducing sugars 8.4% and total sugars 

9.1% which were contradictory to the results obtained during the current study. Similarly, Akhtar 

et al. (2010) reported TSS 18.60 ± 0.40° brix, acidity, 0.69 ± 0.032% and pH 3.81 ± 0.087 of 

mango chaunsa variety which was slightly different from the results under study. Also, Naz et al. 

(2014) conducted chemical profiling of different mango cultivars and observed chaunsa mango 

TSS 14.13, titratable acidity, 0.12% and pH 5.47 that were significantly different from the results 

during the current study. The variation in proximate composition of mango pulp among different 

studies may be due to varietal differences, agronomic practices, climatic conditions as well as 

topographic locations (Palafox-Carlos et al., 2012). 

 In case of microbiological analysis of mango pulp and peel extracts, no total plate count, 

yeast and mould were detected in the pulp and peel extracts and thus regarded as safe for   

preparation of fruit bars. 

4.7.2. Physico-chemical analysis and antimicrobial activity of fruit bars 

 Understanding of physico-chemical characteristics of food is vital for the determination 

of food properties during processing as they affect the treatments received during the food 

processing and serve as good indicators of food quality. Fruit bars were prepared comprising of 

six treatment groups and a control group. Analysis of variance for proximate composition of fruit 

bars indicated highly significant (P<0.01) effect of treatments on moisture, ash and crude fiber, 

significant (P<0.05) effect of crude fat while non-significant (P>0.05) effect of treatments on 

crude protein, carbohydrates and gross energy were observed (Table 4.21a). LSD- test showed 

that moisture of fruit bars fortified with 1% kinnow peel extract were significantly different from 

other treatments, ash of control bars differed significantly from 1% kinnow peel extract fortified 

bars, crude fiber of control fruit bars exhibited significant difference from fiber of 3% mango 

peel extract fortified bars (Table 4.21b). Highest ash (2.96 ± 0.03%), crude fat (1.06 ± 0.04%), 

crude protein (9.01 ± 0.13%) and crude fiber (2.04 ± 0.08%) were determined in control fruit 

bars, highest carbohydrates(68.8 ± 0.32%) in 3% kinnow peel fortified fruit bars and maximum 

gross energy(319.3 ± 0.32 kcal/g) in 2% mango peel extract fortified fruit bars (Table 4.21b). As 

evident from the data, generally non-significant differences among treatment groups were 

observed for most of the proximate parameters which revealed that there was no significant
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Table 4.21a: Analysis of variance (mean squares) for proximate composition of fruit bar 

Source  of 

variation 

Degrees 

of 

freedom 

Mean squares 

Moisture (%) Ash (%) Crude Fat 

(%) 

Crude 

Protein (%) 

Crude Fibre 

(%) 

Carbohydrat

es (%) 

Gross Energy  

(kcal/g) 

Treatment 

Error 

Total 

6 

14 

20 

0.50624** 

0.03736 

0.05723** 

0.00293 

0.02217* 

 0.00704 

0.02179
NS

 

 0.04129 

0.18473** 

 0.01210 

0.3639
NS

 

0.4600 

3.696
NS

 

1.403 

     ** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.21b: Effect of different peel extract fortification levels on proximate composition of fruit bars 

Treatment Mean±SE 

Moisture (%) Ash (%) Crude Fat 

(%) 

Crude 

Protein (%) 

Crude Fibre 

(%) 

Carbohydrat

es (%) 

Gross Energy  

(kcal/g) 

Control (T0) 

MPE 1 % (T1) 

MPE 2 % (T2) 

MPE 3 % (T3) 

KPE 1 % (T4) 

KPE 2 % (T5) 

KPE 3 % (T6) 

16.98±0.10bc 

17.04±0.11bc 

16.86±0.10c 

17.50±0.14b 

18.07±0.12a 

17.25±0.12bc 

17.39±0.08bc 

2.96±0.03a 

2.85±0.04ab 

2.87±0.03ab 

2.77±0.04bc 

2.53±0.02d 

2.68±0.04cd 

2.75±0.03bc 

1.06±0.04a 

1.04±0.04ab 

0.98±0.06ab 

1.00±0.06ab 

0.89±0.04ab 

0.94±0.03ab 

0.82±0.06b 

9.01±0.13a 

8.93±0.09a 

8.96±0.12a 

8.89±0.10a 

8.95±0.14a 

8.76±0.10a 

8.84±0.13a 

2.04±0.08a 

1.79±0.04ab 

1.68±0.07b 

1.32±0.06d 

1.55±0.06bcd 

1.63±0.04cbc 

1.37±0.08cd 

67.9±0.42a 

68.4±0.55a 

68.7±0.21a 

68.5±0.27a 

68.0±0.50a 

68.7±0.36a 

68.8±0.32a 

317.4±0.93a 

318.5±0.61a 

319.3±0.32a 

318.6±0.36a 

315.9±0.56a 

318.5±0.82a 

318.1±0.90a 

     Means sharing similar letter in a column are statistically non-significant (P>0.05). MPE: Mango peel extract, KPE: Kinnow peel extract 
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effect of peel extract fortification on fruit bar gross energy. The moisture content of control as 

well as different treatment bars ranged from 16.86 ± 0.10% to 18.07 ± 0.12% generally regarded 

as optimum moisture for semi-dried or dehydrated products and safe for storage studies. All fruit 

bars had high protein, carbohydrates content and source of high gross energy. Proximate 

composition results of current study were different from previously reported by Prasad (2009) 

for  roasted Bengal gram flour incorporated mango bars as protein 3.44%, fat 0.5%, 

carbohydrates 77.8%, ash 2.08%, moisture 16.2%. Similarly, Rehman et al. (2012) observed 

apricot-date bars different treatments range of moisture 17.14% to 19.21%, ash 4.06 to 4.20%, 

crude protein 10.17 to 10.88%, crude fat 7.30 to 7.32% and NFE 71.49 to 72.81%.  The variation 

in results might be due to different recipe and use of ingredients especially skimmed milk 

powder that had high protein content significantly contributed to the elevated level of protein 

content in fruit bars. 

Fruit bars fortified with different levels (1%, 2% and 3% phenolic extract) as well as control fruit 

bars without any fortification were subjected to ultrasound-assisted extraction with 80% ethanol 

and the polyphenolic extract yield was calculated. Analysis of variance for physicochemical 

analysis of fruit bars and phenolic extracts yield of fruit bars showed highly significant 

(P<0.01)effect of different treatments on TSS, reducing sugars, total sugars and extract yield, 

significant effect (P<0.05) effect of percent acidity while non-significant effect of peel extract 

fortification levels on pH of fruit bars (Table 4.22a). As evident from LSD-test (Table 4.22b), 

TSS of control fruit bars differed significantly from other treatment fruit bars, reducing sugars of 

3% mango peel extract fortified fruit bars were non-significant to kinnow peel extract 2% and 

3% fortified fruit bars but were significantly different from other treatment bars. Total sugars of 

2% mango peel extract and 3% kinnow peel extract fortified fruit bars were non-significant to 

each other but were significantly different from other treatment fruit bars (Table 4.22b). Highest 

TSS (73.77 ± 0.06 ° Brix) and percent acidity (0.60 ± 0.03%) was observed in 2% kinnow peel 

extract fortified fruit bars, highest pH (4.26 ± 0.02) in control bars, maximum reducing 

sugars(13.11 ± 0.10%) in 2% mango peel extract fortified bars, highest total sugars(50.08 ± 

0.10%) in 3% mango peel extract fortified fruit bars and maximum phenolic extract yield (23.83 

± 0.38%) was obtained from 2% mango peel extract fortified fruit bars. Hiigh fortification levels 

especially kinnow peel extract in fruit bars resulted in elevated acidity which might be due to 

astringent phenolic compounds. Mango peel extract fortified fruit bars had comparatively higher 

phenolic extract yield than kinnow peel extract fortified and control fruit bars.
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Table 4.22a: Analysis of variance (mean squares) for physicochemical analysis of fruit bar and yield (%) of fruit bar extracts. 

Source of 

variation 

Degrees 

of 

freedom 

Mean squares 

TSS (°Brix) Acidity (%) pH Reducing 

sugars (%) 

Total sugars 

(%) 

Yield (%) 

Treatment 

Error 

Total 

6 

14 

20 

3.2594** 

0.0173 

0.00483* 

0.00160 

0.001727
NS

 

0.000947 

0.73285** 

0.02654 

8.8132** 

0.0497 

2.9632** 

 0.1953 

  ** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05)  

Table 4.22b:Effect of different peel extract fortification levels on physicochemical analysis of fruit bar and yield of fruit bar extracts 

Treatment Mean ± SE 

TSS (°Brix) Acidity (%) pH Reducing 

sugars (%) 

Total sugars 

(%) 

Yield (%) 

Control (T0) 

MPE 1 % (T1) 

MPE 2 % (T2) 

MPE 3 % (T3) 

KPE 1 % (T4) 

KPE 2 % (T5) 

KPE 3 % (T6) 

70.48±0.06F 

71.83±0.03CD 

71.60±0.12D 

72.32±0.09B 

71.05±0.05E 

73.77±0.06A 

72.10±0.09BC 

0.48±0.02B 

0.53±0.02AB 

0.53±0.03AB 

0.55±0.01AB 

0.52±0.02AB 

0.60±0.03A 

0.58±0.02AB 

4.26±0.02A 

4.24±0.02A 

4.23±0.01A 

4.22±0.02A 

4.23±0.01A 

4.19±0.01A 

4.20±0.02A 

12.61±0.09BC 

12.38±0.07CD 

13.11±0.10A 

11.87±0.12E 

12.05±0.08DE 

12.86±0.07AB 

13.11±0.11A 

46.88±0.14D 

48.47±0.11B 

45.29±0.13E 

50.08±0.10A 

47.33±0.12CD 

47.84±0.16C 

45.29±0.13E 

21.67±0.19C 

23.00±0.29AB 

23.83±0.38A 

23.60±0.23A 

21.30±0.13C 

21.83±0.21BC 

22.17±0.27BCA 

Means sharing similar letter in a column are statistically non-significant (P>0.05). MPE: Mango peel extract, KPE: Kinnow peel extract
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Overall, treatments and control bars had high TSS and sugars content with optimum 

acidity and pH suitable for a stable, organoleptically acceptable product. Results were slightly 

different from earlier reported by Sarojini et al. (2009) for mango bar as TSS 78%, titratable 

acidity 0.8%, pH 3.35, reducing sugars 56.4% and total sugars 70.1%. Likewise, Prasad (2009) 

determined percent acidity 1.27%, reducing and total sugars as 18.56% and 59.46% respectively 

of roasted Bengal gram flour incorporated mango bars. Variation in results might be due to 

different ingredients and recipe selected for fruit bars. 

 Polyphenolic extract of fruit bars fortified with different level as well as control without 

any fortification were further studied for antimicrobial activity against bacterial strains 

Staphylococcus aureus, Bacillus cereus and Salmonella typhimurium. Extract concentration 

levels 250, 500, 750 and 1000 μg disc
-1

 were applied for antimicrobial activity assessment of 

peel extracts. Analysis of variance for antimicrobial activity of fruit bar phenolic extracts (Table 

4.23a) revealed highly significant (P<0.01) effect of bacterial strains, treatments, concentration 

level as well as their interactions.  LSD-test indicated that 3% kinnow peel extract fortified fruit 

bars at 1000 μg disc
-1 

concentration level differed significantly from other treatments for overall 

means (Table 4.23b). The bacterial growth inhibition activity was increased with higher 

concentration of fruit bar extracts with highest inhibitory activity was exhibited at 1000μg disc
-1 

which implies that microbial growth inhibition is dose dependent. Control fruit exhibited no 

antimicrobial activity against any bacterial strains that indicated the fact that antimicrobial 

activity was the function of polyphonic extracts. Similarly, the fruit bar extracts low 

concentration levels i.e. 250 µg/disc and 500 µg/disc as well as 1% mango and kinnow peel 

extract fortified fruit bars showed no antimicrobial activity. Kinnow peel extract 3% fortified 

fruit bars at 1000 μg disc
-1 

concentration level exhibited  highest antimicrobial activity was 

recorded against Staphylococcus aureus (10.33 ± 0.33 mm) and was the only treatment that 

showed antimicrobial activity against Salmonella typhimurium (6.00 ± 0.58 mm). Overall, fruit 

bars fortified with kinnow peel extracts exhibited higher antimicrobial activity as compared to 

fruit bars fortified with mango peel extracts owing to high antimicrobial activity of kinnow peel 

phenolic extracts. The antimicrobial activity of different treatments fruit bars was comparatively 

less than the antimicrobial activity of mango and kinnow peel extracts already discussed which 

might be due to action of various ingredients, certain changes in chemical composition like 

binding of phenolics and other compounds occurred during processing of fruit bars. 
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Table 4.23a: Analysis of variance for antimicrobial activity of fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Strains 

Treatment  

Level  

Strains x Treat 

Strains x Level 

Treat x Level 

Strain x Treatx Level 

Error                

Total                

  2 

  6 

  3 

 12 

  6 

 18 

 36 

168 

251 

   50.25 

 274.48 

 285.97 

 54.75 

  71.25 

  377.87 

   182.42 

   26.09 

 1323.08 

  25.1250 

 45.7467 

95.3233 

 4.5625 

  11.875 

  20.9928 

  5.0672 

  0.1553 

  161.78** 

294.57** 

613.80** 

   29.36** 

   76.46** 

 135.17** 

   32.63** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.23b: Antimicrobial activity of different treatment fruit bars at various 

concentration levels  

Treatment   

x Level      

(μg  disc
-1

) 

Zone of inhibition (mm) 
Mean 

 
S. aureus B. cereus S. typhimurium 

T0x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T0 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T0 x 750 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T0 x 1000 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T1 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T1 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T1 x 750 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T1 x 1000 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T2 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T2 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T2 x 750 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T2 x 1000 7.33 ± 0.66cd 6.00 ± 0.58e 0.00 ± 0.00 4.44 ± 0.64BC 

T3 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T3 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 
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T3 x 750 7.00 ± 0.66cd 6.33 ± 0.33de 0.00 ± 0.00 4.33 ± 0.49 

T3 x 1000 8.67 ± 0.33b 7.33 ± 0.66cd 0.00 ± 0.00 5.33 ± 0.56B 

T4 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T4 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T4 x 750 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T4 x 1000 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T5 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T5 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 

T5 x 750 6.33 ± 0.66de 0.00 ± 0.00 0.00 ± 0.00 2.11 ± 0.24D 

T5 x 1000 8.00 ± 0.58bc 6.67 ± 0.66de 0.00 ± 0.00 4.89 ± 0.52BC 

T6 x 250 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

T6 x 500 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

T6 x 750 7.67 ± 0.66bc 6.33 ± 0.33de 0.00 ± 0.00 4.67 ± 0.52BC 

T6 x 1000 10.33 ± 0.33a 8.00 ± 0.58bc 6.00 ± 0.58e 8.11 ± 0.47A 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. T0 : Control bar, T1: 1% mango peel extract fortified bars, T2: 2% mango peel 

extract fortified bars, T3: 3% mango peel extract fortified bars, T4: 1% kinnow peel extract 

fortified bars, T5: 2% kinnow peel extract fortified bars, T6: 3%  kinnow peel extract fortified 

bars 
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4.7.3. Storage studies of fruit bars 

Fruit bars packed in aluminum foil were stored at refrigerated temperature (6 ± 1 ºC) and 

ambient temperature (25 ± 3 ºC) subjected to physicochemical, microbiological and sensory 

evaluation at 30 days intervals till storage period of 150 days.  

4.7.3.1. Effect of storage period and temperature on physical quality attributes of fruit bars 

  Fruit bars were analyzed for physical quality parameters such as water activity, colour 

and texture. 

4.7.3.1.1. Water activity determination 

   Water activity (aw) is a measure to indicate the availability of water present in foods for 

chemical reactions and its level determines the food hazards, growth of undesirable 

microorganisms, standards for different preserved foods as well as packaging requirements. It is 

one of the vital quality parameters for longer shelf life of foods due to the fact that variation in 

water activity affected all the chemical and microbiological spoilage reactions (Kaya & 

Kahyaoglu, 2005; Karki, 2011). Dried products have relatively low water activity. It has been 

observed that bacterial growth impeded below 0.85 aw , yeast and mould growth hampered below 

0.70 aw  and 0.65 aw  respectively (Pererea, 2005). 

 Analysis of variance for water activity of fruit bars during storage (Table 4.24) revealed 

highly significant (P<0.01) effect of treatments, storage period, temperature, storage x 

temperature, significant effect of treatment x temperature interaction while there was non-

significant (P>0.05) effect of treatment x storage as well as treatment x storage x temperature 

interactions on water activity. As evident from Fig. 4.12, mean values of freshly prepared fruit 

bars ranged from 0.662 aw (T2) to 0.687 aw  (T4) indicating that water activity of fruit bars 

fortified  with different levels of mango and kinnow peel extracts varied significantly among 

treatments. During storage period water activity of fruit bars held at ambient and refrigerated 

storage conditions decreased which might be due to loss of moisture and subsequently slight 

drying of fruit bars. As regards ambient temperature storage, the decreasing trend was more in 

treatment T5 (1.32%) and least in T2 (0.60%). In case of refrigerated storage fruit bars, more 

decline in water activity by treatment T6 (2.21%) and least by T2 (1.21%). The water activity of 

ambient temperature stored fruit bars after 90 days was relatively higher than refrigerated stored 

fruit bars. However, more decline in water activity of fruit bars at refrigerated storage was 

observed which might be due to the longer storage period of refrigerated fruit bars i.e. 150 days,
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Table 4.24: Analysis of variance for water activity of fruit bars   

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage  

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       0.0080 

       6.4917 

       3.1173 

 0.0010 

       0.0004 

        6.2034 

   0.0006 

   0.0042 

        15.8267 

     0.00133 

         1.29834 

         3.11734 

 0.00003 

  0.00007 

  1.24068 

  0.00002 

  0.00003 

  44.33** 

       43278.0** 

       103911.33** 

   1.10
 NS

 

   2.33* 

          41356.0** 

   0.67
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.12: Effect of storage period and temperature on water activity of fruit bars.            

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar.  
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were non-significant differences for treatments and storage period interaction as well as second 

order interaction of treatment, temperature and storage period.  

As regards ambient temperature storage, highest water activity was recorded in treatment 

T4 (0.682 ± 0.006) while treatment T2 exhibited the lowest water activity (0.658 ± 0.004) after 90 

days storage. In case of refrigerated storage, fruit bars T4 had maximum water activity (0.675 ± 

0.003) whereas minimum water activity (0.661±0.004) was observed in treatment T1.Overall, 

water activity of fruit bars was quite low that impeded the growth of microorganisms especially 

bacteria and was suitable for a stable shelf-life. Decrease in water activity of fruit bars during 

storage were in agreement to the findings of Estevez et al. (1995) who reported a decline in water 

activity from 0.71 to 0.52 after 60 days storage period of cereal and nut bars. Similarly, Silva et 

al. (2013) observed decrease in water activity of cassava flour-based fruit bars from 0.56 to 0.52 

after 210 days storage at 27 to 30ºC. However, results were in contradiction to the findings of 

Azeredo et al. (2006) who reported an increase in water activity of mango leather from 0.621 to 

0.671 after 6 months storage at ambient temperature. 

4.7.3.1.2. Colour determination 

Colour is one of the important quality parameter of dried fruit products and plays a key 

role in the food preference and acceptability. Earlier, colour of foods was assessed only 

subjectively or with the help of colour comparison charts. Nowadays, colour of food and food 

products are evaluated by a colour meter. Colour meters are widely employed to assess colour 

changes during the processing and storage of fruits and vegetable products (Adekunte et al., 

2010; Shih et al., 2009). Colour variables correlates with the types and quantities of specific food 

components (Sass-Kiss et al., 2005). Analysis of variance for the colour of fruit bars during 

storage showed highly significant (P<0.01) effect of storage period, temperature and storage       

x temperature interaction while there were non- significant (P>0.05) effects of treatment, storage 

x treatment interaction, treatment x temperature interaction as well as treatment x storage x 

temperature interaction (Table 4.25).  As evident from Fig. 4.13, mean values of freshly prepared 

fruit bars colour ranged from 112.67 ± 1.15 CTn (T6) to 127.67 ± 1.53 CTn (T0). During storage 

period colour of fruit bars held at ambient and refrigerated storage conditions gradually 

decreased.  As regards ambient temperature storage, the decreasing trend was more in treatment 

T6 (16.28%) and least in T0 (10.18%) after 90 days storage. In case of refrigerated storage fruit 

bars, a decline in colour value was exhibited by control as well as by other treatments. However, 

the rate of decline was less as compared to ambient temperature stored bars after 90 days storage. 
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Table 4.25: Analysis of variance for colour of fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       47713 

       280468 

       106272 

       123680 

       26957 

       116625 

       116253 

       657600 

        1475568 

        7952.17 

         56093.60 

         106272 

         4122.67 

         4492.83 

          23325 

          3875.10 

  3914.28 

  2.03
 NS

 

         14.33** 

              27.15** 

              1.05
 NS

 

              1.15
 NS

 

               5.96** 

               0.99
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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          Fig. 4.13: Effect of storage period and temperature on colour of fruit bars.               

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar  
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 Fruit bars were continuously stored at refrigerated temperature till 150 days storage period and 

further decline in colour value was observed. Maximum decline was recorded in T6 (23.96%) 

and minimum in T0 (17.50%) refrigerated stored fruit bars after 150 days. Decrease in colour 

value (CTn) indicated change in colour from lighter to darker.  

Highest colour number of fruit bars was observed in treatment T0 (114.67 ± 1.53 CTn and 

105.33 ± 1.53 CTn) after 90 days ambient temperature storage and 150 days refrigerated storage 

respectively. Fortification of mango and kinnow peel polyphenolic extracts though imparted 

slightly darker colour but did not generate any significant effect during storage. Decrease in 

colour value thereby slight darkening of fruit bars might be due to oxidation of pigments 

especially anthocyanins during storage (Karki, 2011; Kaur et al., 2013). The oxidation reactions 

were comparatively pronounced at ambient temperature storage. Decline in colour test number of 

fruit bars during storage were in line with the findings of Vijayanand et al. (2000) who reported a 

decline in colour of mango and guava bars during storage though the decrease in lightness was 

still marginal after three months storage.    

4.7.3.1.3. Texture analysis 

            Texture is the vital characteristics of a food product that determines its quality and 

consumer acceptability. For the assessment of texture, food research studies employed both 

instrumental measurements as well as sensory evaluation techniques. Hardness and fracturability 

are the two important parameters of instrumental texture that determines the product quality. 

Hardness is defined as the force required breaking food sample when placed on a 3 point bend 

rig whereas fracturability is the degree or extent of deformation of sample on 3 point bend rig. 

Analysis of variance for texture of fruit bars during storage at ambient temperature (Table 4.26a) 

and refrigerated temperature (Table 4.26b) revealed highly significant (P<0.01) effect of 

treatments, storage period, fracturability/hardness, treatment x fracturability/hardness interaction 

as well as storage x fracturability/hardness interaction while there were non-significant (P>0.05) 

effect of storage x treatment interaction as well as treatment x storage x temperature interaction.  

 It is evident from the Fig. 4.14a that mean values of freshly prepared fruit bars hardness 

ranged from 516.05 ± 32.59 g (T4) to 617.27 ± 40.96 g (T0). During storage period hardness of 

fruit bars held at ambient storage conditions gradually increased. The increasing trend was more 

pronounced in treatment T0 (7.75%) and least in T6 (5.38%) after 90 days storage. Mean values 

of   fracturability of freshly prepared fruit bars (Fig.4.14a) ranged from 32.98± 0.31mm (T0) to 

34.66 ± 0.42 mm (T4). During storage period fracturability of fruit bars gradually decreased with 
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Table 4.26a: Analysis of variance for texture of fruit bars stored at ambient temperature 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Fracturability/Hardness  

Treat x Storage 

Treat x F/H 

Storage x F/H 

TreatxStorage x F/H 

Error                

Total                

  6 

  3 

  1 

 18 

  6 

 3 

 18 

110 

167 

       46286.50 

       8192.06 

       12183496.22 

       550.877 

       48582.9 

       8537.66 

       556.369 

       42036.80 

      12247654.30 

        7714.42 

         2730.69 

         12183496.22 

         30.6043 

         8097.15 

          2845.89 

          30.9094 

  382.153 

  20.19
 
** 

         7.14** 

            50508** 

            0.08
 NS

 

              21.19
 
** 

               7.45** 

               0.08
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.26b: Analysis of variance for texture of fruit bars stored at refrigerated 

temperature 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Fracturability/Hardness  

Treat x Storage 

Treat x F/H 

Storage x F/H 

TreatxStorage x F/H 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

166 

251 

       76075.80 

       23760.60 

       19301806.95 

       1047.81 

       79528.20 

       24651.20 

       1056.02 

       60925.20 

      19301992.03 

        12679.30 

         4752.13 

         19301806.95 

         34.9271 

         13254.70 

          4930.25 

          35.2008 

  367.019 

  34.55** 

      12.95** 

           51855** 

        0.10
 NS

 

            36.11
 
** 

            13.43** 

            0.10
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.14a: Effect of storage period and ambient temperature on texture of fruit bars.      

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.14b: Effect of storage period and refrigerated temperature on texture of fruit bars. 

T0: Control bar, T1:1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3:3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar  
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maximum decline in fracturability was observed in treatment T4 (2.22%) whereas minimum 

decline was exhibited in treatment T2 (0.80%). As regards refrigerated storage fruit bars, 

hardness of fruit bars steadily increased during 150 days storage period (Fig. 4.14b). The 

increase in hardness was more in treatment T4 (12.09%) and least in  T2 (7.68%) after 150 days 

storage. Conversely, the fracturability parameter values of fruit bars gradually declined during 

refrigerated storage conditions. Maximum decline was recorded in T4 (3.00%) and minimum in 

T2 (1.06%) refrigerated stored fruit bars after 150 days. Highest hardness and least fracturability 

of fruit bars after 90 days ambient temperature storage was recorded in  control bars T0 (665.11  

± 27.21 g and 32.66 ± 0.20 mm) respectively. Similarly, maximum hardness and minimum 

fracturability of refrigerated storage fruit bars after 150 days was exhibited by control bars T0 

(684.23 ± 22.66 g and 32.59 ± 0.16 mm).  The increase in hardness and decrease in fracturability 

indicated decrease in quality characteristic of fruit bars with storage period. 

The shelf life stability of a fruit bar to a large extent is determined by its texture 

characteristics. Fruit bar ingredients containing high protein with water-binding properties, 

significant gel strength and viscosity would impart a positive effect on bar texture through 

hardening of the bars over shelf life (Ortiz et al., 2008). Carbohydrates ingredients in the snack 

bars prevent moisture loss to the environment by holding the moisture, modify texture and 

increase the hardening effect thus enhancing the shelf life. The hardening of fruit bars texture 

over storage period might be due to migration of moisture between protein and carbohydrates 

content (Adams, 2008). Results were in agreement with the earlier investigations of Chen (2008) 

who reported increase in hardness of probiotic-fortified soy energy bar from 392 to 866 g after 

60 days storage period. During a related study, Nadeem et al. (2012) observed increase in 

firmness of protein optimized date bars upto 2468.56 g after 90 days storage period. 
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4.7.3.2. Effect of storage period and temperature on proximate composition of fruit bars 

  Fruit bars were analyzed for proximate composition at 30 days intervals during storage at 

ambient and refrigerated storage conditions. Results were presented on dry weight basis. 

4.7.3.2.1. Moisture content 

Analysis of variance pertaining to moisture content of different fruit bars during storage 

period revealed highly significant (P<0.01) effect of treatments, storage period, temperature as 

well as their interactions on moisture (Table 4.27). As evident from Fig. 4.15, moisture content 

of fruit bars fortified with different levels of mango and kinnow peel extracts varied significantly 

among treatments. During storage period moisture of fruit bars held at ambient and refrigerated 

storage conditions gradually declined thus drying of fruit bars occured. As regards ambient 

temperature storage, the decreasing trend was more in treatment T4 (6.97%) and least in T0 

(3.30%). In case of refrigerated storage fruit bars, more decline in moisture was observed in 

treatment T4 (14.17%) and least in T2 (10.73%) after 150 days storage period. The moisture 

content of ambient temperature stored fruit bars after 90 days was relatively higher than 

refrigerated stored fruit bars. More declines in moisture content of fruit bars at refrigerated 

storage was observed which might be due to the longer storage period of refrigerated fruit bars 

i.e. 150 days, the fruit bars dried more as compared to fruit bars held at ambient temperature for 

90 days. At ambient temperature storage, highest moisture content was recorded in treatment T4 

(16.81 ± 0.17%) whereas treatment T2 had the lowest moisture (16.05 ± 0.10%) after 90 days 

storage. As regards refrigerated storage, fruit bars T4 had maximum moisture content (15.51 ± 

0.24%) whereas minimum moisture (14.71 ± 0.19%) was observed in treatment T1. Overall, 

moisture content of fruit bars was quite low that impeded the growth of microorganisms 

especially bacteria and was suitable for a stable shelf-life. Decrease in moisture content of fruit 

bars during storage were in agreement to the findings of Silva et al.(2013) who reported a 

decrease in moisture content of cassava flour-based food bars from 12.0% to 9.89% after after 

210 days storage at 27 to 30ºC. Similarly, Bhatt and Jha (2015) observed decline in moisture 

content of wood apple control bar and wood apple mango bar from 17.40% and 14.80% to 

13.52% and 10.95% respectively after 6 months storage at room temperature.  
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Table 4.27: Analysis of variance for moisture of ambient and refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       16.130 

       4808.85 

       1540.19 

       7.062 

       1.144 

       3227.94 

       3.417 

       5.381 

        9610.25 

        2.688 

         961.77 

         1540.19 

         0.235 

         0.190 

          645.59 

          0.114 

  0.032 

  84.01
 
** 

     30055.31** 

         48130.09** 

          7.34
 
** 

             5.94
 
** 

         20174.69** 

             3.56
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 



182 
 

 

Fig. 4.15: Effect of storage period and temperature on moisture (%) of fruit bars.             

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3:3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar  



183 
 

4.7.3.2.2. Ash content 

Ash content refers to the inorganic residue remained after the incineration of organic 

matter and comprise of minerals in food sample. Analysis of variance pertaining to ash content 

of different fruit bars during storage period revealed significant (P<0.01) effect of treatments, 

storage period, temperature and storage x temperature interactions on ash content except for 

treatment x storage, treatment x temperature and treatment x storage x temperature interactions 

which had non-significant (P>0.05) effect on ash content of fruit bars (Table 4.28). As apparent 

from Fig. 4.16, ash content of fruit bars fortified with different levels of mango and kinnow peel 

extracts varied significantly among treatments. During storage period, ash of fruit bars held at 

ambient and refrigerated storage conditions slightly increased or decreased. Ash content of 

different treatment bars ranged from 3.25 ± 0.02% (T5) to 3.55 ± 0.01% (T0) after 90 days 

ambient temperature storage. As regards refrigerated storage fruit bars after 150 days, ash 

content of treatment fruit bars ranged from 3.25 ± 0.04% (T5) to 3.56 ± 0.03% (T0). No 

remarkable change in ash content of fruit bars during storage were in agreement to the findings 

of Vidhya and Narain (2011) who reported  no change in ash content of wood apple bars after 90 

days at room temperature.  Similarly, Bhatt and Jha (2015) observed a slight increase in ash 

content of wood apple control bar and wood apple mango bar from 1.22% and 1.12% to 1.24% 

and 1.14% respectively after 6 months storage at room temperature.  

4.7.3.2.3. Crude fat content 

Analysis of variance regarding crude fat content of different fruit bars during storage 

period showed significant (P<0.01) effect of treatments, storage period, temperature and their 

interactions on ash content except for treatment x storage and treatment x storage x temperature 

interactions which had non-significant (P>0.05) effect on crude fat content of fruit bars (Table 

4.29). It is evident from Fig. 4.17 that crude fat content of fruit bars fortified with different levels 

of mango and kinnow peel extracts varied significantly among treatments. During storage period, 

there was a slight decline in crude fat of fruit bars held at ambient and refrigerated storage 

conditions. The decline rate was more in fruit bars stored at ambient temperature. The decreasing 

trend was more in treatment T3 (3.30%) and least in T1 (0.80%) after 90 days ambient 

temperature storage whereas maximum decline was observed in treatment T6 (2.02%) after 150 

days storage period. Highest crude fat content was analyzed in control fruit bars (T0) at ambient 

temperature (1.27 ± 0.01%) and refrigeration temperature (1.29 ± 0.02%) after 90 days and 180 

days storage period respectively. 



184 
 

Table 4.28: Analysis of variance for ash of ambient and refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 

F-value 

Treatment    6 3.453  0.5755  28.77** 

Storage    5 77.585             15.517             775.85** 

Temperature    1 18.546  18.546  927.31** 

Treatment xStorage   30 0.269  0.009  0.45
 NS

 

Treatment xTemperature  6 0.138  0.023  1.15
 NS

 

Storage xTemperature   5 70.160  14.032  701.60** 

Treatment xStorage xTemperature 30 0.294  0.0098  0.49
 NS

 

Error     168 3.361  0.0200 

Total     251 173.806 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.29: Analysis of variance for crude fat of ambient and refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 

F-value 

Treatment    6 1.608  0.268                  53.60** 

Storage    5 18.898            3.779                755.92** 

Temperature    1 9.261  9.261                 1852.20** 

Treatment xStorage   30 0.127  0.004                0.84
 NS

 

Treatment xTemperature  6 0.070  0.012                2.40* 

Storage xTemperature   5 18.328  3.665                733** 

Treatment xStorage xTemperature 30 0.134  0.004                0.80
 NS

 

Error     168 0.841  0.005 

Total     251 49.267 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.16: Effect of storage period and temperature on ash (%) of fruit bars. T0: Control 

bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, T3: 3% 

Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% Kinnow peel 

extract bar, T6: 3% Kinnow peel extract bar 



186 
 

 

Fig. 4.17: Effect of storage period and temperature on crude fat (%) of fruit bars. T0: 

Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, 

T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Decrease in crude fat content of fruit bars might be due to oxidation of fat during storage 

period (Anju et al., 2014). Similar decreasing trend in crude fat content was reported by Bhatt 

and Jha (2015) in wood apple control bar and wood apple mango bar from 0.48% and 0.46% to 

0.45% and 0.43% respectively after 6 months storage at room temperature.  

4.7.3.2.4. Crude protein content 

Analysis of variance pertaining to crude protein content of different fruit bars during 

storage period indicated significant (P<0.01) effect of treatments, storage period, temperature 

and storage x temperature while treatment x storage, treatment x temperature and treatment x 

storage x temperature interactions had non-significant (P>0.05) effect on crude protein content of 

fruit bars (Table 4.30). As evident from Fig. 4.18, crude protein content of fruit bars fortified 

with different levels of mango and kinnow peel extracts varied significantly among treatments. 

During storage period, there was a slight decline in crude protein of fruit bars held at ambient 

and refrigerated storage conditions. Highest crude protein content was analyzed in treatment T4 

(10.92 ± 0.07%) at 0 day which decreased slightly after 150 days refrigerated storage (10.90 ± 

0.05%).  Decrease in crude protein content of fruit bars might be due to binding of proteins to 

phenolic compounds. Similar declining trend in crude protein content was reported by Anju et al. 

(2014) during a study on storage stability of peach-soy fruit leather held at room temperature for 

4 months. 

4.7.3.2.5. Crude fibre content 

Crude fibre refers to the indigestible cellulose, lignin, pentosans and other related 

components in foods which have little nutritional value but they provide the bulk vital for proper 

digestion and peristaltic movement in the intestinal tract. Analysis of variance rtegarding crude 

fibre content of different fruit bars during storage period indicated significant (P<0.01) effect of 

treatments, storage period, temperature and storage x temperature while treatment x storage, 

treatment x temperature and treatment x storage x temperature interactions had non-significant 

(P>0.05) effect on crude fibre content of fruit bars (Table 4.31). As apparent from Fig. 4.19 that 

crude fibre content of fruit bars fortified with different levels of mango and kinnow peel extracts 

varied significantly among treatments. During storage period, there was a slight decline or 

elevation in crude fibre of fruit bars held at ambient and refrigerated storage conditions but there 

was no set pattern of either increase or decrease in crude fibre of stored fruit bars. Highest crude 

fibre content was analyzed in control fruit bars T0 (2.46 ± 0.03%) at 0 day which increased 

slightly after 90 days ambient temperature storage (2.47 ± 0.04%) whereas no change in crude  
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Table 4.30: Analysis of variance for crude protein of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 

F-value 

Treatment    6 1.590  0.265                  26.50** 

Storage    5 824.59          164.918              16491.80** 

Temperature    1        409.475          409.475                 40947.50** 

Treatment xStorage   30 0.148  0.005                0.50
 NS

 

Treatment xTemperature  6 0.066  0.011                1.10
 NS

 

Storage xTemperature   5 1616.05         323.210                32321** 

Treatment xStorage xTemperature 30 0.130  0.004                0.40
 NS

 

Error     168 1.761  0.010 

Total     251 2853.81 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.31: Analysis of variance for crude fibre of ambient and refrigerated stored bars 

Source of variation Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 

F-value 

Treatment    6 13.154  2.192                 37.15** 

Storage    5 53.461           10.692                 181.22** 

Temperature    1 27.186           27.186                 460.78** 

Treatment xStorage   30 1.073  0.036                0.61
 NS

 

Treatment xTemperature  6 0.505  0.084                1.42
 NS

 

Storage xTemperature   5 53.626  10.725                181.78** 

Treatment xStorage xTemperature 30 1.069  0.035                0.59
NS

 

Error     168 9.941  0.059 

Total     251 150.200 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.18: Effect of storage period and temperature on crude protein (%) of fruit bars. T0: 

Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, 

T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Figure 4.19: Effect of storage period and temperature on crude fibre (%) of fruit bars. T0: 

Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, 

T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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fibre content of refrigerated temperature stored control fruit bars (T0) was observed after 150 

days. Crude fibre content of different treatment fruit bars ranged from 1.57 ± 0.04% (T3) to 2.47 

± 0.04% (T0) after 90 days ambient temperature storage whereas crude fibre content of fruit bars 

after 150 days refrigerated storage ranged from 1.59 ± 0.01% (T3) to 2.46 ± 0.02% (T0). Results 

were in contradiction to the earlier investigations of Rokhsana et al. (2007) who observed 

elevation in crude fibre content from 0.656% at 0 day to 0.703% after 180 days ambient 

temperature storage of vegetable and legume based soup powder.  

4.7.3.2.6. Available carbohydrates 

Analysis of variance regarding available carbohydrates of different fruit bars during 

storage period revealed significant (P<0.01) effect of treatments, storage period, temperature and 

storage x temperature interaction while treatment x storage, treatment x temperature and 

treatment x storage x temperature interactions had non-significant (P>0.05) effect on available 

carbohydrates content of fruit bars (Table 4.32). As evident from Fig. 4.20, available 

carbohydrates of fruit bars fortified with different levels of mango and kinnow peel extracts 

varied significantly among treatments. During storage period carbohydrates of fruit bars held at 

ambient and refrigerated storage conditions slightly increased. Highest carbohydrates content 

was analyzed in treatment T6 fruit bars (83.32 ± 0.31%) at 0 day which increased slightly after 90 

days ambient temperature storage (83.38 ± 0.25%) and 150 days refrigerated storage period 

(83.37 ± 0.16%). Available carbohydrates of different treatment fruit bars ranged from 81.88 ± 

0.17% (T0) to 83.38 ± 0.25% (T6) after 90 days ambient temperature storage whereas crude fibre 

content of fruit bars after 150 days refrigerated storage ranged from 81.87 ± 0.17% (T0) to 83.37 

± 0.16% (T6). Results were in agreement with the findings of Bhatt and Jha (2015) who reported 

increase in carbohydrates content of wood apple control bar and wood apple mango bar from 

78.40% and 81.64% to 82.86% and 85.62% respectively after 6 months storage at room 

temperature.  

4.7.3.3. Effect of storage period and temperature on physico-chemical attributes of fruit 

bars 

Fruit bars were analyzed for total soluble solids (TSS), percent acidity, pH, reducing 

sugars, total sugars and free fatty acids at 30 days intervals during storage at ambient and 

refrigerated storage conditions. 



192 
 

Table 4.32: Analysis of variance for available carbohydrates of ambient and refrigerated 

stored bars 

Source of variation Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 

F-value 

Treatment    6 57.90  9.65     23.03** 

Storage    5 65613           13122.6               31318.85** 

Temperature    1 28245.7        28247.5               67412.17** 

Treatment xStorage   30 17.810  0.593     1.41
 NS

 

Treatment xTemperature  6 1.142  0.190     0.45
 NS

 

Storage xTemperature   5 65477          13095.4                31253.94** 

Treatment xStorage xTemperature 30 19.31  0.643                1.53
 NS

 

Error     168 70.348  0.419 

Total     251 159502.21 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.20: Effect of storage period and temperature on available carbohydrates (%) of fruit 

bars. T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel 

extract bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, 

T5: 2% Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.3.1. Total soluble solids 

Total soluble solids (TSS) content of the fruits/ fruit products or other foods is generally 

obtained from measuring the ºBrix through a refractometer. The TSS or sugar content comprises 

predominantly the carbohydrates such as sucrose, glucose and fructose but organic acids, 

proteins, fats and minerals of the food sample are also the components of TSS. Analysis of 

variance pertaining to total soluble solids of different fruit bars during storage period revealed 

highly significant (P<0.01) effect of treatments, storage period, temperature as well as their 

interactions on TSS (Table 4.33). As evident from Fig. 4.21, TSS of fruit bars fortified with 

different levels of mango and kinnow peel extracts varied significantly among treatments. 

Highest TSS (ºBrix) was observed in fruit bars T3 (73.77 ± 0.10 ºBrix) while control fruit bars T0 

exhibited the lowest TSS (70.48 ± 0.10 ºBrix) at 0 day. During storage period TSS of fruit bars 

held at ambient and refrigerated storage conditions gradually increased. As regards ambient 

temperature storage, the increasing trend was more in T4 (1.48%) and least in T2 (0.93%). In case 

of refrigerated storage fruit bars, rate of elevation was comparatively less than ambient 

temperature storage. Maximum elevation was observed in T4 (0.98%) and minimum in treatment 

T2 (0.67%) after 90 days storage period while highest increase in TSS was recorded in T4 

(1.62%) and lowest in T2 (1.07%) after 150 days storage. TSS of different treatment fruit bars 

ranged from 71.30 ± 0.15 ºBrix (T0) to 74.62 ± 0.12 ºBrix (T5) after 90 days ambient temperature 

storage. In case of refrigerated temperature storage, TSS of fruit bars increased at comparatively 

slower rate than ambient temperature storage fruit bars and ranged from 71.12±0.08 ºBrix (T0) to 

74.32 ± 0.06 ºBrix (T5) and 71.43 ± 0.10 ºBrix (T0) to 74.65 ± 0.15 ºBrix (T5) after 90 and 150 

days refrigerated storage period respectively. 

Increase in TSS of fruit bars during storage might be due to hydrolysis of polysaccharides 

such as starch, pectin and gums into soluble sugars (Baramanray et al., 1995; Chaurasiya et al., 

2014). The increasing trend in TSS content of different fruit bars during storage corroborated 

with the earlier investigations of various researchers (Bal et al., 2014; Chavan & Shaik, 2015; 

Khan et al., 2014).  

4.7.3.3.2. Percent acidity 

Analysis of variance regarding percent acidity of different fruit bars during storage period 

indicated significant (P<0.01) effect of treatments, storage period, temperature and storage x 

temperature interaction while treatment x storage, treatment x temperature and treatment x 

storage x temperature interactions had non-significant (P>0.05) effect on percent acidity of fruit 
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bars (Table 4.34). As evident from Fig. 4.22, percent acidity of fruit bars fortified with different 

levels of mango and kinnow peel extracts varied significantly among treatments. Highest percent 

acidity was recorded in fruit bars T5 (0.60 ± 0.03 %) whereas control fruit bars T0 exhibited the 

lowest acidity (0.48 ± 0.04 %) at 0 day During storage period percent acidity of fruit bars held at 

ambient and refrigerated storage conditions gradually increased. As regards ambient temperature 

storage, the increasing trend was more in control fruit bars T0 (18.75%) and least in T4 (11.54%). 

In case of refrigerated storage fruit bars, percent acidity rate of elevation was comparatively less 

than ambient temperature storage. Maximum elevation was observed in control fruit bars T0 

(10.42%) and minimum in treatment T5 (6.67%) after 90 days storage period while highest 

increase in percent acidity was recorded in T0 (20.83%) and lowest in T2 (11.32%) after 150 days 

storage. Percent acidity of different treatment fruit bars ranged from 0.57 ± 0.04 % (T0) to 0.67 ± 

0.03 % (T5) after 90 days ambient temperature storage. As regards refrigerated temperature 

storage, percent acidity of fruit bars ranged from 0.53 ± 0.03 % (T0) to 0.64 ± 0.02 % (T5) and 

0.57 ± 0.01 % (T1) to 0.67 ± 0.02 % (T5) after 90 and 150 days refrigerated storage period 

respectively. 

 The elevation in percent acidity might be attributed to increase in the concentration of 

weakly ionized acids as well as their salts during storage period. Rise in acidity might also be 

ascribed to the formation of acids by polysaccharides degradation or by uronic acid and pectic 

substances breakdown (Hussain et al., 2008; Iqbal et al., 2001). Results were in agreement with 

the findings of Akhtar et al. (2014) who reported a significant increase in acidity of different 

apple-date fruit bars during storage at room temperature for 90 days. Similar rise in percent 

acidity during storage was reported in guava nectar (Bal et al., 2014) and in guava leather 

(Chavan & Shaik, 2015).   

4.7.3.3.3. pH 

The pH value expresses the intensity of the acidity of a food. It is one of the several vital 

factors that determine the microbial growth during food processing and storage. Analysis of 

variance regarding pH of different fruit bars during storage period showed significant (P<0.01) 

effect of treatments, storage period, temperature and storage x temperature interaction whereas 

treatment x storage, treatment x temperature and treatment x storage x temperature interactions 

had non-significant (P>0.05) effect on pH of fruit bars (Table 4.35). As evident from Fig. 4.23, 

pH of fruit bars fortified with different levels of mango and kinnow peel extracts varied 

significantly among treatments. Maximum pH was analyzed in fruit bars T0 (4.26 ± 0.02) while 
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Table 4.33: Analysis of variance for TSS of ambient and refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       160.967 

       31848.20 

       16809.53 

       14.141 

       6.228 

       34495.80 

       14.951 

       15.992 

       83365.81 

        26.828 

         6369.64 

         16809.53 

         0.471 

         1.038 

         6899.16 

          0.498 

  0.095 

  282.40
 
** 

    67048.84** 

        176942.4** 

  4.96
 
** 

       10.93
 
** 

         72622.7** 

             5.24
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

Table 4.34: Analysis of variance for percent acidity of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       0.2229 

       3.1696 

       1.6684 

       0.0326 

       0.0092 

       4.5787 

       0.0154 

       0.1862 

       9.8830 

        0.0371 

         0.6339 

         1.6684 

         0.0010 

         0.0015 

         0.9157 

          0.0005 

  0.0011 

  33.73
 
** 

    576.27** 

        1516.73** 

 0.91
 NS

 

       1.36
 NS

 

         832.45** 

             0.45
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.21: Effect of storage period and temperature on TSS (°Brix) of fruit bars.                

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.22: Effect of storage period and temperature on acidity (%) of fruit bars. T0: Control 

bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, T3: 3% 

Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% Kinnow peel 

extract bar, T6: 3% Kinnow peel extract bar.   
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treatment T5 exhibited the minimum pH (4.19 ± 0.02) at 0 day. During storage period, pH of fruit 

bars held at ambient and refrigerated storage conditions gradually declined. As regards ambient 

temperature storage, the declining trend was more in treatment T5 (1.20%) and least in T2 

(0.94%). In case of refrigerated storage fruit bars, maximum decline was observed in control 

fruit bars T0 (1.41%) and minimum in treatment T1 (0.71%) after 150 days storage period. 

 There is inverse relationship between pH and percent acidity as pH decreases with the 

increase in acidity and vice versa.  Decrease in pH might be attributed to increase in the 

concentration of weakly ionized acids as well as their salts during storage period. Decline in pH 

might also be ascribed to the formation of acids by polysaccharides degradation or by uronic acid 

and pectic substances breakdown (Hussain et al., 2008; Iqbal et al., 2001). Similar declining 

trends of pH during storage were observed by Akhtar et al. (2014) in apple-date fruit bar and Jain 

et al. (2011) in guava and papaya fruit pulp.  

4.7.3.3.4. Reducing sugars 

 Reducing sugars are sugars that have the capability to act as reducing agents owing to 

their free aldehyde or ketone group (Charlotte & Kathleen, 2013). Reducing sugars include all 

monosaccharides, some disaccharides and polysaccharides. Reducing sugars level in foods is one 

of the indicator of food quality. Analysis of variance pertaining to reducing sugars of different 

fruit bars during storage period revealed highly significant (P<0.01) effect of treatments, storage 

period, temperature as well as their interactions on reducing sugars (Table 4.36). As illustrated in 

Fig. 4.24, reducing sugars of fruit bars fortified with different levels of mango and kinnow peel 

extracts varied significantly among treatments. Highest reducing sugars (%) was observed in 

fruit bars T6 (16.11 ± 0.19 %) while treatment T3 had the lowest reducing sugars (14.87 ± 0.20 

%) at 0 day. During storage period reducing sugars of fruit bars held at ambient and refrigerated 

storage conditions gradually increased. As regards ambient temperature storage, the increasing 

trend was more in treatment T6 (3.23%) and least in T2 (2.54%). In case of refrigerated storage 

fruit bars, rate of elevation was comparatively less than ambient temperature storage. Maximum 

elevation was observed in fruit bars T6 (2.30%) and minimum in treatment T2 (1.36%) after 90 

days storage period while highest increase in reducing sugars was recorded in T4 (3.32%) and 

lowest in T2 (2.36%) after 150 days storage. Reducing sugars of different treatment fruit bars 

ranged from 15.25 ± 0.18 % (T3) to 16.63 ± 0.19 % (T6) after 90 days ambient temperature 

storage. As regards refrigerated temperature storage, reducing sugars of fruit bars ranged from  
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Table 4.35: Analysis of variance for pH of ambient and refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       0.0941 

       220.624 

       103.564 

       0.0210 

       0.0061 

       214.659 

       0.0154 

       0.1062 

       539.089 

        0.0157 

         44.125 

         103.564 

         0.0007 

         0.0010 

         42.932 

          0.0005 

  0.0006 

  24.92
 
** 

    70039.68** 

        164387.3** 

 1.17
 NS

 

       1.59
 NS

 

         68146.03** 

             0.81
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

Table 4.36: Analysis of variance for reducing sugars of ambient and refrigerated stored 

fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       32.83 

       1785.13 

       853.08 

       3.13 

       1.49 

       1990.82 

       3.09 

       4.472 

       4674.042 

        5.47 

         357.03 

         853.08 

         0.104 

         0.248 

         398.16 

          0.103 

  0.027 

  202.67
 
** 

    13223.18** 

        31595.55** 

 3.85
 
** 

       9.18
 
** 

         14746.67** 

             3.81
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.23: Effect of storage period and temperature on pH of fruit bars. T0: Control bar,  

T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, T3: 3% Mango 

peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% Kinnow peel extract 

bar, T6:  3% Kinnow peel extract bar 
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Fig. 4.24: Effect of storage period and temperature on reducing sugars of fruit bars.        

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6:  3% Kinnow peel extract bar 
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15.08 ± 0.09 % (T3) to 16.48 ± 0.14 % (T6) and 15.29 ± 0.15 % (T3) to 16.59 ± 0.07 % (T6) after 

90 and 150 days refrigerated storage period respectively. 

The increase in reducing sugars during storage might be ascribed to the conversion of 

polysaccharides into monosaccharides and inversion of non-reducing sugars into glucose and 

fructose (Bal et al., 2014; Sharma et al., 2013). Similar increasing trend of reducing sugars 

during storage were earlier reported in wood apple jam and fruit bar (Vidhya & Narain, 2011), 

palm spread and palm toffee (Chaurasiya et al., 2014), mixed fruit toffee from guava and fig 

fruits (Kohinkar et al., 2014), guava leather (Chavan & Shaik, 2015).  

4.7.3.3.5. Total sugars 

Analysis of variance regarding total sugars of different fruit bars during storage period 

revealed highly significant (P<0.01) effect of treatments, storage period, temperature as well as 

their interactions on total sugars (Table 4.37). As illustrated in Fig. 4.25, total sugars of fruit bars 

fortified with different levels of mango and kinnow peel extracts varied significantly among 

treatments. Highest total sugars (%) was observed in fruit bars T3 (68.08 ± 0.18%) while 

treatment T6 had the lowest total sugars (64.19 ± 0.22%) at 0 day. During storage period reducing 

sugars of fruit bars held at ambient and refrigerated storage conditions gradually increased. As 

regards ambient temperature storage, the increasing trend was more in treatment T6 (1.57%) and 

least in T3 (0.98%). In case of refrigerated storage fruit bars, rate of elevation was comparatively 

less than ambient temperature storage. Maximum elevation was observed in fruit bars T6 (1.09%) 

and minimum in treatment T2 (0.67%) after 90 days storage period while highest increase in total 

sugars was recorded in T6 (1.54%) and lowest in T3 (1.22%) after 150 days storage. Total sugars 

of different treatment fruit bars ranged from 65.20 ± 0.15 % (T6) to 68.75 ± 0.24 % (T6) after 90 

days ambient temperature storage. As regards refrigerated temperature storage, total sugars of 

fruit bars ranged from 64.89 ± 0.10 % (T6) to 68.49 ± 0.26 % (T3) and 65.18 ± 0.12 % (T6) to 

68.84 ± 0.13 % (T3) after 90 and 150 days refrigerated storage period respectively. 

The elevation in total sugars during storage might be ascribed to the hydrolysis of 

polysaccharides such as starch and pectin into monosaccharides (Bal et al., 2014). Similar 

increasing trend of total sugars during storage were earlier reported in wood apple jam and fruit 

bar (Vidhya & Narain, 2011), palm spread and palm toffee (Chaurasiya et al., 2014), mixed fruit 

toffee from guava and fig fruits (Kohinkar et al., 2014).  
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4.7.3.3.6. Free fatty acids 

The free fatty acids content is generally considered as an indicator for the evaluation of 

oxidative rancidity during storage. Analysis of variance pertaining to free fatty acids of different 

fruit bars during storage period showed highly significant (P<0.01) effect of treatments, storage 

period, temperature and storage x temperature interaction whereas treatment x storage, treatment 

x temperature and treatment x storage x temperature interactions had non-significant (P>0.05) 

effect on free fatty acids of fruit bars (Table 4.38).  As illustrated in Fig. 4.26, free fatty acids of 

fruit bars fortified with different levels of mango and kinnow peel extracts varied significantly 

among treatments. Highest free fatty acids (%) was observed in control fruit bars T0 (0.017 ± 

0.001%) while treatment T6 had the lowest free fatty acids (0.009 ± 0.001%) at 0 day. During 

storage period reducing sugars of fruit bars held at ambient and refrigerated storage conditions 

gradually increased. Free fatty acids of different treatment fruit bars ranged from 0.062±0.004 % 

(T3) to 0.128 ± 0.007% (T0) after 90 days ambient temperature storage. As regards refrigerated 

temperature storage, free fatty acids of fruit bars ranged from 0.043 ± 0.003 % (T6) to 0.089 ± 

0.005% (T0) and 0.085±0.005% (T2) to 0.138 ± 0.008% (T3) after 90 and 150 days refrigerated 

storage period respectively.  

Elevation in free fatty acids during storage might be due to oxidative reactions within the 

fruit bars. The rate of oxidative reactions was comparatively low at refrigerated temperature 

storage of fruit bars. Results were in line with the earlier investigations of Padmashree et al. 

(2012) who observed a rise in free fatty acids of protein rich composite cereal bar stored at 

ambient temperature for 9 months. Similar increase in free fatty acids during storage was 

reported by Rehman et al. (2004) and Delfanian et al. (2015).  
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Table 4.37: Analysis of variance for total sugars of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      234.42 

      21127.20 

      10713.03 

      32.92 

       15.41 

       22593.19 

       29.08 

       0.0154 

         54745.26 

        39.07 

         4225.44 

         10713.03 

         1.097 

         2.568 

         4518.64 

          0.969 

  0.054 

  723.52
 
** 

    78248.89** 

        198389.4** 

20.31
 
** 

       47.55
 
** 

         83678.52** 

           17.94
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

 

Table 4.38: Analysis of variance for free fatty acids of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

       0.0222 

       0.0778 

       0.0334 

       0.0058 

       0.0028 

       0.1561 

0.0070 

       0.0673 

       0.3724 

        0.0037 

         0.0155 

         0.0334 

         0.0002 

         0.0005 

         0.0312 

          0.0002 

  0.0004 

  9.25
 
** 

    38.75** 

        83.50** 

 0.48
 NS

 

       1.20
 NS

 

           78.05** 

             0.57
 NS

 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.25: Effect of storage period and temperature on total sugars of fruit bars.                

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.26: Effect of storage period and temperature on free fatty acids of fruit bars.           

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.4. Effect of storage period and temperature on total polyphenol content of fruit bars 

Analysis of variance pertaining to total polyphenol content of different fruit bars during 

storage period indicated highly significant (P<0.01) effect of treatments, storage period, 

temperature as well as their interactions on total polyphenols of fruit bars (Table 4.39). As 

evident from Fig. 4.27, total polyphenol content of fruit bars fortified with different levels of 

mango and kinnow peel extracts varied significantly among treatments. Highest total 

polyphenols was analyzed in fruit bars T3 (405.91 ± 11.79 mg GAE/fruit bar) whereas control 

fruit bars T0 had the lowest polyphenol content (78.05 ± 4.94 mg GAE/fruit bar) at 0 day. During 

storage period totalpolyphenols of fruit bars held at ambient and refrigerated storage conditions 

gradually decreased. As regards ambient temperature storage, the decreasing trend of total 

polyphenols was more in control fruit bars T0 (16.31%) and least in T6 (3.78%). In case of 

refrigerated storage fruit bars, rate of decline was comparatively less than ambient temperature 

storage. Maximum decline was observed in control fruit bars T0 (9.60%) and minimum in 

treatment T3 (1.97%) after 90 days storage period while highest decline in total polyphenols was 

recorded in T0 (12.80%) and lowest in T3 (2.95%) after 150 days storage. Total polyphenols of 

different treatment fruit bars ranged from 65.32 ± 5.16 mg GAE/fruit bar (T0) to 390.47 ± 8.24 

mg GAE/fruit bar (T3) after 90 days ambient temperature storage. As regards refrigerated 

temperature storage, total polyphenols of fruit bars ranged from 70.64 ± 4.12 mg GAE/fruit bar 

(T0) to 398.42 ± 5.23 mg GAE/fruit bar (T3) and 68.12 ± 3.65 mg GAE/fruit bar (T0) to 394.16 ± 

7.13 mg GAE/fruit bar (T3) after 90 and 150 days refrigerated storage period respectively. 

 The decrease in total polyphenols content of fruit bars might be attributed to oxidation of 

the phenolic compounds during storage (Liu et al., 2014; Shubhra et al., 2014). The oxidation 

reactions were comparatively higher at ambient temperature than refrigerated temperature 

storage of fruit bars. Results were in line with the earlier investigations of Saci et al. (2015) who 

observed a significant decrease in total polyphenols of carrot and mango beverages during 

storage at 25 and 35ºC for 90 days. Similar decline in total polyphenols content during storage 

was reported in in orange juices (Klimczak et al., 2007) and in bee pollen extracts (Rzepecka-

Stojko et al., 2012).   
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Table 4.3: Analysis of variance for total polyphenols of ambient and refrigerated stored 

fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      1083432 

      385008 

      228224 

      124679 

       45033 

       315282 

       107281 

       22079 

         2311018 

        180572 

         7700.16 

         228224 

         4155.97 

         7505.50 

         63056.40 

          3576.03 

  131.42 

  1374.01
 
** 

  58.59** 

        1736.60** 

31.62
 
** 

       57.11
 
** 

         479.81** 

           27.21
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.2715: Effect of storage period and temperature on total polyphenols content of fruit 

bars. T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel 

extract bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, 

T5: 2% Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.5. Effect of storage period and temperature on antioxidant activity of fruit bars 

Antioxidant activity of fruit bars during storage was determined by DPPH free radical 

scavenging assay. Analysis of variance regarding antioxidant activity of different fruit bars 

during storage period revealed highly significant (P<0.01) effect of treatments, storage period, 

temperature as well as their interactions on total polyphenols of fruit bars (Table 4.40). As 

evident from Fig. 4.28, DPPH radical scavenging activity of fruit bars fortified with different 

levels of mango and kinnow peel extracts varied significantly among treatments. Highest 

scavenging activity or percent inhibition was recorded in fruit bars T3 (73.37 ± 1.32 %) whereas 

control fruit bars T0 had the lowest radical scavenging activity or percent inhibition (23.15 ± 1.32 

%) at 0 day. During storage period radical scavenging activity/antioxidant activity of fruit bars 

held at ambient and refrigerated storage conditions gradually decreased. As regards ambient 

temperature storage, the decreasing trend of percent inhibition was more in control fruit bars T0 

(10.84%) and least in T5 (3.92%). In case of refrigerated storage fruit bars, rate of decline was 

comparatively less than ambient temperature storage. Maximum decline was observed in fruit 

bars T2 (7.99%) and minimum in treatment T5 (2.24%) after 90 days storage period while highest 

decline in radical scavenging activity in terms of percent inhibition was recorded in T2 (15.15%) 

and lowest in T5 (5.55%) after 150 days storage. Percent inhibition of different treatment fruit 

bars ranged from 20.64 ± 1.13% (T0) to 67.75 ± 1.74 % (T3) after 90 days ambient temperature 

storage. As regards refrigerated temperature storage, radical scavenging activity/percent 

inhibition of fruit bars ranged from 21.73 ± 1.32 % (T0) to 70.18 ± 1.56 % (T3) and 21.04 ± 1.42 

% (T0) to 67.86 ± 0.94 % (T3) after 90 and 150 days refrigerated storage period respectively. 

 The antioxidant activity/ radical scavenging activity of fruit bars fortified with high 

concentration of polyphenolic extracts was comparatively higher than control fruit bars and low 

polyphenolic extract fortified fruit bars thus indicated that the antioxidant activity of fruit bars 

was attributed to the total polyphenolic content of fruit bars. The decrease in radical scavenging 

activity of fruit bars might be ascribed to oxidation of the phenolic compounds during storage. 

The oxidation reactions were comparatively higher at ambient temperature than refrigerated 

temperature storage of fruit bars. Results were in agreement with the findings of Saci et al.(2015) 

who reported a significant decrease in antioxidant activity of carrot and mango beverages during 

storage at 25 and 35ºC for 90 days. Similar decline in antioxidant activity was observed in 

orange juices after 6 months storage at 28 and 38 ºC (Klimczak et al., 2007) and in apple juice 

after 6 months storage at 30 ºC (Oszmianski & Wojdylo, 2009).   
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Table 4.40: Analysis of variance for DPPH radical scavenging activity of ambient and 

refrigerated stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      33113 

      41212 

      13672.40 

      3753.11 

       1220.98 

       29899 

       2476.24 

       1322 

       1266872 

        5518.83 

         8242.40 

         13672.40 

         125.10 

         203.50 

         5979.80 

          82.54 

  7.87 

  701.25
 
** 

  1047.32** 

        1737.28** 

15.90
 
** 

       25.86
 
** 

         759.82** 

           10.49
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.28: Effect of storage period and temperature on DPPH radical scavenging activity of 

fruit bars. T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel 

extract bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, 

T5: 2% Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.6. Effect of storage period and temperature on microbiological parameters of fruit 

bars 

Fruit bars were analyzed for total plate count (TPC), mould and yeast count at 30 days 

intervals during storage at ambient and refrigerated conditions. Analysis of variance prttaining to 

total plate count, mould and yeast count of different fruit bars during storage period revealed 

highly significant (P<0.01) effect of treatments, storage period, temperature as well as their 

interactions on the microbiological parameters of fruit bars (Table 4.41, 4.42, 4.43). Data 

regarding total plate count (Fig. 4.29), mould (Fig. 4.30) and yeast (Fig. 4.31) of fruit bars 

fortified with different levels of mango and kinnow peel extracts varied significantly among 

treatments. Highest TPC was recorded in fruit bars T4 (3.30 x 10
2 

± 0.20 cfu/g) whereas fruit bars 

T2 had the lowest TPC (3.30 x 10
2 

± 0.10 cfu/g) at 0 day(Fig. 4.29). Maximum mould count was 

determined in fruit bars treatment T4 (2.50 x 10
2 

± 0.10 cfu/g) whereas fruit bars T2 had the 

lowest TPC (1.40 x 10
2 

± 0.12 cfu/g) at 0 day (Fig. 4.30). In case of yeast count, fruit bars T4   

(0.60 x 10
2 

± 0.05 cfu/g) and treatment T2 (0.40 x 10
2 

± 0.03 cfu/g) exhibited highest and lowest 

yeast count respectively. During storage period microbial growth of fruit bars held at ambient 

and refrigerated storage conditions slightly increased. TPC, mould and yeast count of different 

treatment fruit bars ranged from 5.50 x 10
2 

± 0.08 cfu/g (T3) to 8.90 x 10
2 

± 0.20 cfu/g (T0) for 

TPC, from 4.70 x 10
2 

± 0.05 cfu/g (T3) to 8.00 x 10
2 

± 0.15 cfu/g (T0) for mould count and 

ranged from 0.50 x 10
2 

± 0.04 cfu/g (T3) to 0.70 x 10
2 

± 0.05 cfu/g (T0) for yeast count  after 90 

days ambient temperature storage. As regards refrigerated temperature storage, microbial count 

of fruit bars ranged from 6.70 x 10
2 

± 0.12 cfu/g (T2) to 9.30 x 10
2 

± 0.15 cfu/g (T0) for TPC, 

from 5.80 x 10
2 

± 0.06 cfu/g (T2) to 8.30 x 10
2 

± 0.12 cfu/g (T0) for mould count and ranged from 

0.60 x 10
2 

± 0.02cfu/g(T2) to 0.80 x 10
2 

± 0.05 cfu/g (T0) for yeast count after 150 days 

refrigerated storage period. 

 The relatively reduced microbial activity during storage period in different treatment fruit 

bars might be due to low water activity of fruit bars which impeded the microbial especially 

bacterial growth during storage. Pandonou et al. (2009) reported that low water activity and 

reduced moisture levels retard the microbial growth in fermented cassava pulp „lafun‟. Microbial 

count of fruit bars was well within permissible limits of FDA phillipines (2013). As per FDA 

phillipines (2013) guidelines, the aerobic plate count/total plate count, moulds and yeast in snack 

foods should be less than 1 x 10
4
, 1 x 10

3 
and 1 x 10

2 
cfu/g respectively. Therefore, different 

treatment fruit bars at ambient and refrigerated storage conditions might be adjudged safe for  
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Table 4.4: Analysis of variance for total plate count of ambient and refrigerated stored 

fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      52.447 

      221.580 

      144.261 

      24.119 

       4.602 

       175.660 

       21.919 

       32.208 

       676.796 

        8.471 

         44.316 

         144.261 

         0.804 

         0.767 

         35.132 

          0.731 

  0.192 

  45.53
 
** 

       230.81** 

           751.36** 

4.19
 
** 

       3.99
 
** 

            182.98** 

           3.81
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.42: Analysis of variance for mould count of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      50.281 

      190.182 

      98.720 

      22.139 

       5.173 

       158.371 

       14.338 

       16.862 

       556.066 

        8.380 

         38.036 

         98.720 

         0.738 

         0.862 

         31.674 

          0.478 

  0.100 

  83.80
 
** 

       380.36** 

           987.20** 

7.38
 
** 

       8.62
 
** 

            316.74** 

           4.78
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Table 4.43: Analysis of variance for yeast count of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      0.3121 

      2.2904 

      2.5804 

      0.3521 

       0.1321 

       2.4075 

       0.3350 

  0.7640 

       9.1736 

        0.0520 

         0.4581 

         2.5804 

         0.0117 

         0.0220 

         0.4815 

          0.0111 

  0.0045 

  11.56
 
** 

       101.80** 

           537.42** 

2.60
 
** 

       4.89
 
** 

            107.00** 

           2.48
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.29: Effect of storage period and temperature on total plate count of fruit bars.        

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.30: Effect of storage period and temperature on mould count of fruit bars.              

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.31: Effect of storage period and temperature on yeast count of fruit bars. T0: Control 

bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, T3: 3% 

Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% Kinnow peel 

extract bar, T6: 3% Kinnow peel extract bar 
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consumption. Results were in agreement with the findings of Akhtar et al. (2014) and Chaurasiya 

et al. (2014) who reported a gradual increase in total plate count, mould and yeast count during 

storage at ambient and refrigerated temperature.  

4.7.3.7. Effect of storage period and temperature on sensory characteristics of fruit bars 

    Sensory characteristics of a food product are the most significant quality attributes that 

affect or attract the consumer. Different treatment fruit bars were sensory evaluated for colour/ 

appearance, taste, flavour, texture and overall acceptability at 30 days storage interval.  

4.7.3.7.1. Colour/appearance 

Analysis of variance pertaining to colour/appearance score of different fruit bars during 

storage period revealed highly significant (P<0.01) effect of treatments, storage period, 

temperature as well as their interactions on colour score of fruit bars (Table 4.44). As evident 

from Fig. 4.32, colour score of fruit bars fortified with different levels of mango and kinnow peel 

extracts varied significantly among treatments. Fruit bars T5 got maximum colour/appearance 

score (8.00 ± 0.17) while treatment T6 had the minimum colour/appearance score (7.42 ± 0.10) at 

0 day. During storage period, a declining trend in colour score of fruit bars held at ambient and 

refrigerated storage conditions was observed (Fig. 4.32). As regards ambient temperature 

storage, the decreasing trend of colour score was more in control fruit bars T0 (34.35%) and least 

in T6 (26.95%). In case of refrigerated storage fruit bars, rate of decline in colour score was 

comparatively less than ambient temperature storage. Maximum decline was observed in fruit 

bars T4 (13.82%) and minimum in treatment T3 (9.33%) after 90 days storage period while 

highest decline in colour score was recorded in T5 (22.87%) and lowest in T6 (17.65%) after 150 

days storage. Colour/appearance score of different treatment fruit bars ranged from 5.11 ± 0 .10 

(T3) to 5.50 ± 0.08 (T5) after 90 days ambient temperature storage. As regards refrigerated 

temperature storage, colour score of fruit bars ranged from 6.61 ± 0.13 (T4) to 7.14 ± 0.05 (T2) 

and 6.00 ± 0.10 (T4) to 6.39 ± 0.13 (T2) after 90 and 150 days refrigerated storage period 

respectively. 

 Decrease in colour score of fruit bars might be due to oxidation of pigments especially 

anthocyanins during storage (Karki, 2011; Kaur et al., 2013). The oxidation reactions were 

comparatively higher at ambient temperature than refrigerated temperature storage of fruit bars. 

Similar decreasing trend in colour/appearance score were reported in protein rich cereal 

composite bar (Padmashree et al., 2012), apple-date fruit bar (Akhtar et al., 2014), guava nectar 
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(Bal et al., 2014), carrot bar (Aggarwal & Kaur, 2014), wood apple fruit bar (Bhatt & Jha, 2015) 

and guava leather (Chavan & Shaik, 2015).  

4.7.3.7.2. Taste 

Sugars and acid ratio primarily creates a taste sense which is recognized by the 

specialized taste buds present on the tongue. Analysis of variance regarding taste score of 

different fruit bars during storage period showed highly significant (P<0.01) effect of treatments, 

storage period, temperature as well as their interactions on taste score of fruit bars (Table 4.45). 

As evident from Fig. 4.33, taste score of fruit bars fortified with different levels of mango and 

kinnow peel extracts varied significantly among treatments. Fruit bars treatment T2 awarded 

highest taste score (7.83 ± 0.08) whereas treatment T6 got the lowest taste score (7.17 ± 0.08) by 

the sensory panelists at 0 day. During storage period, a decreasing trend in taste score of fruit 

bars held at ambient and refrigerated storage conditions was observed (Fig. 4.33). In case of 

ambient temperature storage, the decreasing trend of taste score was more in fruit bars T5 

(50.54%) and least in T3 (36.90%). As regards refrigerated storage fruit bars, rate of decline in 

taste score was comparatively less than ambient temperature storage. Maximum decline was 

observed in fruit bars T6 (25.24%) and minimum in treatment T3 (9.68%) after 90 days storage 

period while highest decline in taste score was recorded in control fruit bars T0 (40.87%) and 

lowest in T2 (19.16%) after 150 days storage. Taste score of different treatment fruit bars ranged 

from 3.64 ± 0.05 (T5) to 4.89 ± 0.13 (T3) after 90 days ambient temperature storage. The taste of 

fruits bars held at ambient temperature was disliked by sensory panelists after 90 days ambient 

storage period and fruit bars were therefore rejected. As regards refrigerated temperature storage, 

taste score of fruit bars ranged from 5.36 ± 0.13 (T6) to 7.00 ±0.08 (T3) and 4.94 ± 0.13 (T6) to 

6.33 ± 0.10 (T2) after 90 and 150 days refrigerated storage period respectively. Except treatment 

T6 , other treatment fruit bars held at refrigeration temperature remained acceptable after 150 

days storage period.  

 Decline in taste score of fruit bars during storage might be attributed to change in acidity, 

pH and brix/acid ratio (Malundo et al., 1997). Similar decreasing trend in taste score were 

reported in protein rich cereal composite bar (Padmashree et al., 2012), guava nectar (Bal et al., 

2014), wood apple fruit bar (Bhatt & Jha, 2015) and guava leather (Chavan & Shaik, 2015). 
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Table 4.44: Analysis of variance for colour score of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      6.822 

      453.006 

      157.085 

      3.119 

       1.960 

       204.591 

       1.813 

   4.941 

       833.337 

        1.137 

        90.601 

       157.085 

     0.104 

         0.327 

         40.918 

          0.060 

  0.029 

  39.21
 
**

 
 

      3124.18** 

          5416.72** 

3.59
 
** 

       11.27
 
** 

          1410.96** 

           2.07
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.45: Analysis of variance for taste score of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      21.373 

      479.361 

     165.190 

    3.814 

       3.948 

     209.981 

         3.740 

       5.712 

       893.119 

        3.562 

        95.872 

       165.190 

         0.127 

         0.658 

         41.996 

          0.125 

 0.034 

  104.76
 
** 

     2819.77** 

         4858.53** 

3.73
 
** 

       19.35
 
** 

          1235.18** 

           3.67
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.32: Effect of storage period and temperature on colour score of fruit bars.               

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.33: Effect of storage period and temperature on taste score of fruit bars. T0: Control 

bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract bar, T3: 3% 

Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% Kinnow peel 

extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.7.3. Flavour 

The flavour impression is the combined effect of taste recognized by the taste buds as 

well as the aromatic compounds perceived by the epithelium in olfactory organs present in the 

mouth. Analysis of variance pertaining to taste score of different fruit bars during storage period 

indicated highly significant (P<0.01) effect of treatments, storage period, temperature as well as 

their interactions on flavor score of fruit bars (Table 4.46). As evident from Fig. 4.34, flavour 

score of fruit bars fortified with different levels of mango and kinnow peel extracts varied 

significantly among treatments. Fruit bars treatment T2 awarded highest flavour score (7.78 ± 

0.13) whereas treatment T6 got the lowest flavour score (7.33 ± 0.16) by the sensory panelists at 

0 day. During storage period, a declining trend in flavour score of fruit bars held at ambient and 

refrigerated storage conditions was observed (Fig. 4.34). In case of ambient temperature storage, 

the declining trend of flavour score was maximum in fruit bars T4 (49.34%) and minimum in T3 

(34.55%). As regards refrigerated storage fruit bars, rate of decrease in flavour score was 

comparatively less than ambient temperature storage. Highest decline was observed in fruit bars 

T5 (19.20%) and least in treatment T2 (13.24%) after 90 days storage period whereas maximum 

decline in flavour score was observed in fruit bars T5 (31.87%) and minimum in T2 (19.28%) 

after 150 days storage. Flavour score of different treatment fruit bars ranged from 3.83 ± 0.08 

(T4) to 5.00 ± 0.10 (T3) after 90 days ambient temperature storage. The flavour of fruits bars held 

at ambient temperature was disliked by sensory panelists after 90 days ambient storage period 

and fruit bars were therefore rejected. As regards refrigerated temperature storage, flavour score 

of fruit bars ranged from 5.97 ± 0.13 (T6) to 6.75 ± 0.17 (T2) and 5.00 ± 0.08 (T6) to 6.28 ± 0.13 

(T2) after 90 and 150 days refrigerated storage period respectively. All treatment fruit bars held 

at refrigeration temperature neither liked nor disliked after 150 days storage period except fruit 

bars fortified with 2% mango peel extract (T2) which remained acceptable for flavor score after 

150 days refrigerated storage period.  

 Decrease in flavour score of fruit bars during storage might be ascribed to change in 

acidity, brix/acid ratio, pH and degradation of volatile flavouring compounds (Jitareerat et al., 

2007; Pen & Jiang., 2003). Higher flavour scores of refrigerated storage fruit bars might be 

attributed to comparatively better retention of volatile compounds and slower chemical reactions 

than ambient temperature stored fruit bars. Results were in line with the decreasing flavour score 

during storage as reported in carrot bar (Aggarwal & Kaur, 2014), guava nectar (Bal et al., 
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2014), mango bar (Parab et al., 2014), wood apple fruit bar (Bhatt & Jha, 2015) and guava 

leather (Chavan & Shaik, 2015). 

4.7.3.7.4. Texture 

Texture refers to those characteristics of a food product that can be evaluated visually or 

by touch. Analysis of variance regarding  texture score of different fruit bars during storage 

period showed highly significant (P<0.01) effect of treatments, storage period, temperature as 

well as their interactions on texture score of fruit bars (Table 4.47). As evident from Fig. 4.35, 

texture score of fruit bars fortified with different levels of mango and kinnow peel extracts varied 

significantly among treatments. Fruit bars treatment T2 were appreciated most and got highest 

texture score (7.83 ± 0.08) whereas treatment T6 got the lowest texture score (7.50 ± 0.10) by the 

sensory panelists at 0 day. During storage period, a decreasing trend in texture score of fruit bars 

held at ambient and refrigerated storage conditions was observed (Fig. 4.35). As regard ambient 

temperature storage, the decreasing trend of texture score was highest in control fruit bars T0 

(51.98%) and least in T2 (44.70%). In case of refrigerated storage fruit bars, rate of decline in 

texture score was comparatively less than ambient temperature storage. Maximum decline was 

observed in fruit bars T6 (23.33%) and minimum in treatment T2 (17.75%) after 90 days storage 

period whereas highest decline in texture score was observed in fruit bars T6 (40.40%) and 

lowest in T2 (28.99%) after 150 days storage. Texture score of different treatment fruit bars 

ranged from 3.64 ± 0.05 (T0) to 4.33 ± 0.16 (T2) after 90 days ambient temperature storage. The 

texture of fruits bars held at ambient temperature was disliked by sensory panelists after 90 days 

ambient storage period and fruit bars were therefore rejected. As regards refrigerated temperature 

storage, texture score of fruit bars ranged from 5.75 ± 0.08 (T6) to 6.44 ± 0.10 (T2) and 4.47 ± 

0.13 (T6) to 5.56 ± 0.16 (T2) after 90 and 150 days refrigerated storage period respectively. 

Control fruit bars (T0) and kinnow peel extract fortified fruit bars (T4, T5 and T6) held at 

refrigeration temperature were rejected based on texture characteristics after 150 days storage 

period. 

 Decrease in texture score of fruit bars during storage might be attributed to hardening of 

fruit bars resulting from moisture loss during storage period (Aggarwal and Kaur, 2014). Due to 

the development of hard texture, the food bars become unpalatable and thus are rejected by the 

consumers (Simon et al., 2009). Similar decreasing trends in texture score during storage were 

reported in carrot bar (Aggarwal & Kaur, 2014), mango bar (Parab et al., 2014), wood apple fruit 

bar (Bhatt & Jha, 2015) and guava leather (Chavan & Shaik, 2015). 
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Table 4.46: Analysis of variance for flavour score of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      9.151 

      436.416 

      154.153 

      3.867 

       1.832 

       200.305 

       3.191 

   6.114 

       815.029 

        1.525 

        87.283 

       154.153 

     0.129 

         0.305 

         40.061 

          0.106 

  0.036 

  42.36
 
**

 
 

      2424.53** 

          4282.03** 

3.58
 
** 

       8.47
 
** 

          1112.80** 

           2.95
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 

Table 4.47: Analysis of variance for texture score of ambient and refrigerated stored fruit 

bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      6.278 

      553.542 

     139.330 

    2.941 

       1.110 

     153.602 

         1.664 

       4.551 

       863.018 

        1.046 

        110.708 

       139.330 

         0.098 

         0.185 

         30.720 

          0.055 

 0.027 

  38.75
 
** 

     4100.30** 

         5160.37** 

3.63
 
** 

       6.85
 
** 

          1137.78** 

           2.05
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.34: Effect of storage period and temperature on flavour score of fruit bars.             

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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Fig. 4.35: Effect of storage period and temperature on texture score of fruit bars.             

T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel extract 

bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, T5: 2% 

Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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4.7.3.7.5. Overall acceptability 

Organoleptic or sensory characteristics generally are not inter-related and independently 

contribute towards overall sensory quality of foods. Analysis of variance regarding  overall 

acceptability score of different fruit bars during storage period revealed highly significant 

(P<0.01) effect of treatments, storage period, temperature as well as their interactions on overall 

acceptability score of fruit bars (Table 4.48). As evident from Fig. 4.36, overall acceptability 

score of fruit bars fortified with different levels of mango and kinnow peel extracts varied 

significantly among treatments. Fruit bars treatment T2 were appreciated most and got highest 

score (7.83 ± 0.13) whereas treatment T6 had the lowest overall acceptability score (7.42 ± 0.16) 

by the sensory panelists at 0 day. During storage period, a declining trend in overall acceptability 

score of fruit bars held at ambient and refrigerated storage conditions was observed (Fig. 4.36). 

As regard ambient temperature storage, the declining trend was highest in fruit bars T6 (44.61%) 

and least in T3 (38.71%). In case of refrigerated storage fruit bars, rate of decrease in overall 

acceptability score was comparatively less than ambient temperature storage. Maximum decline 

was observed in fruit bars T6 (20.62%) and minimum in treatment T2 (12.00%) after 90 days 

storage period while highest decline was observed in fruit bars T6 (30.73%) and lowest in T2 

(21.20%) after 150 days storage. Overall acceptability score of different treatment fruit bars 

ranged from 4.11 ± 0.13 (T6) to 4.75 ± 0.14 (T3) after 90 days ambient temperature storage. The 

overall acceptability of fruits bars held at ambient temperature was disliked by sensory panelists 

after 90 days ambient storage period and fruit bars were therefore rejected. As regards 

refrigerated temperature storage, overall acceptability score of fruit bars ranged from 5.89 ± 0.10 

(T6) to 6.89 ± 0.13 (T2) and 5.14 ± 0.13 (T6) to 6.17 ± 0.08 (T2) after 90 and 150 days 

refrigerated storage period respectively. All treatment fruit bars held at refrigeration temperature 

neither liked nor disliked after 150 days storage period except fruit bars fortified with 2% mango 

peel extract (T2) which remained acceptable after 150 days refrigerated storage period.  

  Kinnow peel fortified fruit bars especially 2% (T5) and 3% kinnow peel fortified fruit 

bars (T6) were disliked by the panelists due to their comparatively bitter taste. However, mango 

peel fortified fruit bars especially 2% fortified bars (T2) were highly appreciated by sensory 

panelists throughout the refrigerated storage period. Similar decreasing trends in overall 

acceptability score during storage were reported in carrot bar (Aggarwal & Kaur, 2014), guava 

nectar (Bal et al., 2014), mango bar (Parab et al., 2014), kinnow nectar (Shubhra et al., 2014), 

wood apple fruit bar (Bhatt & Jha, 2015) and guava leather (Chavan & Shaik, 2015). 
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Table 4.48: Analysis of variance for overall acceptability score of ambient and refrigerated 

stored fruit bars 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Treatment  

Storage intervals 

Temperature  

Treat x Storage 

Treat x Temp 

Storage x Temp 

TreatxStoragexTemp 

Error                

Total                

  6 

  5 

  1 

 30 

  6 

 5 

 30 

168 

251 

      7.989 

      451.221 

     152.508 

    3.612 

       1.465 

     214.961 

         2.487 

       5.582 

       839.825 

        1.331 

        90.244 

       152.508 

         0.012 

         0.244 

         42.992 

          0.083 

 0.033 

  40.35
 
** 

     2734.67** 

         4621.45** 

3.65
 
** 

       7.39
 
** 

          1302.79** 

           2.51
 
** 

** = Highly significant (P<0.01);* = Significant (P<0.05); NS = Non-significant (P>0.05) 
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Fig. 4.36: Effect of storage period and temperature on overall acceptability score of fruit 

bars. T0: Control bar, T1: 1% Mango peel extract bar, T2: 2% Mango peel 

extract bar, T3: 3% Mango peel extract bar, T4: 1% Kinnow peel extract bar, 

T5: 2% Kinnow peel extract bar, T6: 3% Kinnow peel extract bar 
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CONCLUSION 

Ultrasound assisted extraction lead to high polyphenol extraction and more efficient 

technique than maceration. Optimized extraction conditions include solvent ethanol at 80% 

concentration level, extraction temperature 45 ºC for 60 minutes with sample to solvent ratio 

1:20. Mango and kinnow peel polyphenolic extracts exhibited high antioxidant, cardio-protective 

and antimicrobial activity. Mango peel extracts exhibited comparatively more antioxidant and 

cardioprotective activity than kinnow peel extracts. Fruit bars fortified with mango and kinnow 

peel extract remained sensory acceptable for five months at refrigerated storage conditions. 

Mango and kinnow peel extract fortified fruit bars could be utilized as a preventive and alternate 

therapeutic agent against cardiovascular disorders. 

 

RECOMMENDATIONS 

 Further biological studies should be carried out on humans to evaluate the efficacy of 

polyphenolic extracts. 

 Studies on the enhancement of phenolic compounds bioavailability within the body 

should be undertaken to increase their therapeutic effects. 
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                                                                                                                    Chapter V 

SUMMARY 

Polyphenols are the antioxidants present naturally in plants especially in fruits and 

vegetables which have a significant role on human health.  Besides antioxidants, polyphenols 

also exhibit antimicrobial, anti-allergic, anti-inflammatory, cardio-protective characteristics. 

Polyphenols especially flavonoids have higher antioxidant potential than vitamin C and E. 

Different epidemiological studies have established a positive correlation between fruits and 

vegetables intake with the reduced incidence of cardiovascular disease, certain cancers, aging 

and other degenerative diseases due to the antioxidant role of phenolic compounds present in 

fruits and vegetables. The fruit processing wastes contain valuable nutrients and biomass which 

may be converted into value-added by-products.  Recently, different value-added products such 

as functional foods, neutraceuticals have been developed from agro-industrial wastes. Fruit 

wastes especially peels have higher antioxidant potential and contain comparatively higher 

quantity of phenolic compounds such as phenolic acids, flavonoids, carotenoids and 

anthocyanins than in most fruit pulps. 

During the research study, mango and kinnow mandarin peels were selected for the 

extraction, identification and quantification of polyphenols and their antioxidant, antimicrobial 

and cardioprotective properties were evaluated. Fruit bars fortified with mango and kinnow peel 

extracts were developed and storage studies were carried out at ambient and refrigeration 

temperatures. 

For optimization of extraction conditions, mango and kinnow peels were extracted with 

different solvents, concentration levels, extraction temperature, extraction time, sample to 

solvent ratio as well as through two different extraction techniques i.e. maceration and 

ultrasound-assisted extraction. Higher extact yield of mango peels was obtained through 

maceration technique while ultrasound-assisted extraction (UAE) led to comparatively higher 

extract yield of kinnow peels than through maceration. Among solvents, methanol and ethanol 

had comparatively higher extract yield than acetone and ethyl acetate. Solvent concentration 

level 80% yielded highest extract while absolute concentration level i.e. 100% had lowest extract 

yield. Total polyphenols content of mango and kinnow peel extracts as determined by Folin-

Ciocalteau method revealed high polyphenol content in both peel extracts. However, 

comparatively higher total polyphenols were estimated in mango peel extracts than kinnow peel 

extracts. As regards role of extraction methods for total polyphenol content of peel extracts, in 
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case of maceration technique, maximum polyphenols were determined with extraction conditions 

80% ethanol, sample to solvent ratio 1:15, extraction temperature 40 ºC for 20 hour. For UAE 

extraction method, highest polyphenols were estimated with 80% ethanol, sample to solvent ratio 

1:20, extraction temperature 45 ºC and extraction time 60 minutes. It was observed that UAE 

technique was more efficient as compared to maceration. Though ethanol and methanol both led 

to higher extraction yield and total polyphenols in peel extracts, solvent ethanol generally 

regarded as safe (GRAS) was preferred due to its application in food system and therefore 

utilized for extraction with UAE technique for further biological studies and preparation of 

polyphenolic extract fortified fruit bars, whereas methanolic extracts were further studied only 

for antioxidant activity determination of  polyphenolic extracts and HPLC quantification of 

phenolic compounds. 

Identification and quantification of phenolic acids and flavonoids in mango and kinnow 

mandarin peel extracts were carried out with HPLC. A total of eleven phenolic compounds 

including four phenolic acids and seven flavonoids in mango peel extracts whereas in kinnow 

peels five phenolic acids and six flavonoids at wavelength 280 nm and 370 nm respectively were 

identified and quantified according to retention time and their peaks spectral characteristics 

against those of standards. Methanolic extracts showed comparatively higher quantity of 

phenolic compounds than ethanolic extacts of mango and kinnow peels. Among the phenolic 

compounds, coumaric acid was the most abundant phenolic acid in mango peel extracts. Gallic 

acid, ferulic acid and epicatechin were the other phenolic compounds present in high 

concentration while myrecetin was the least quantified flavonoid in mango peel extracts. Ferulic 

acid and hesperidin were the most abundant in kinnow mandarin peel extracts. Gallic acid and 

catechin were the other phenolic compounds present in high concentration in kinnow peel 

extracts while caffeic acid and naringenin were the least quantified phenolic compounds and 

were present in traces only. 

Antioxidant activity of mango and kinnow peel extracts as determined by FRAP, DPPH 

and superoxide radical scavenging assays revealed that both peel extracts exhibited strong 

antioxidant activity to neutralize the free radicals. Highest antioxidant activity was exhibited by 

80% ethanolic and 80% methanolic extracts of mango and kinnow peels respectively while 

absolute solvents either methanolic or ethanolic extracts had least antioxidant activity. Overall, 

mango peel extracts exhibited more antioxidant activity as compared to kinnow peel extracts. 

However, the antioxidant activity of both peel extracts was lower than the standard ascorbic acid. 
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Antioxidant activity of mango and kinnow peel extracts was positively correlated to their 

polyphenol content.  

Cardioprotective activity of mango and kinnow peel polyphenolic extracts was evaluated 

by administering peel extracts different dose levels to albino rats and in order to induce 

myocardial infarction, doxorubicin injection was administered @ 2.5 mg/kg body weight 

intraperitoneal in six equal doses on alternate days from 50
th

 to 60
th

 day. Results showed that 

mango and kinnow peel polyphenolic extracts at medium dose (150 mg/kg b.w.) and high dose 

(300 mg/kg b.w.) levels exhibited significant protection against doxorubicin (DOX) induced 

myocardial infarction. Medium and high dose levels of mango and kinnow peel extracts 

significantly lowered the cardiac biomarker enzymes such as LDH, CPK, CK-MB and AST 

elevated levels. Maximum cardioprotective activity was exhibited by groups pre-treated with 

high dose (300 mg/kg b.w.) of peel extracts especially mango peel extracts that maintained the 

membrane integrity of myocardial tissues. Both peel extracts exhibited significant hypolipidemic 

effects especially at high dose level and lowered the DOX induced hyperlipidemia. Similarly, 

both peel extracts at medium and high dose level significantly ameliorated the DOX induced 

nephrotoxicity. However, peel extracts had no preventive activity against DOX induced 

hepatotoxicity.Mango and kinnow peel polyphenolic extracts especially high dose level 

significantly restored the activity of cardiac endogenous antioxidant enzymes SOD, CAT and 

GPx. Both peel extracts medium and high dose levels especially high dose (300 mg/kg b.w.) had 

strong cardioprotective activity as evidenced by histopathology studies of heart tissues. High 

dose peel extract levels significantly protected the myocardial tissues against DOX induced 

cardiotoxicity. Overall, mango peel extracts exhibited comparatively higher cardioprotective 

activities than kinnow peel extracts.The cardioprotective potential of mango and kinnow 

mandarin peel extracts might be attributed to the presence of antioxidant phenolic compounds 

with free radical scavenging activity. 

 Ethanolic extracts of mango and kinnow peels exhibited varying level of dose dependent 

antimicrobial activity against bacterial strains Staphylococcus aureus, Bacillus cereus and 

Salmonella typhimurium. Kinnow peel extracts showed higher antimicrobial activity as 

compared to mango peel extracts. Peel extracts exhibited maximum inhibitory activity against 

Staphylococcus aureus (Gram-positive) and minimum inhibitory activity against Salmonella 

typhimurium (Gram-negative). The variation in sensitivity among bacterial strains was ascribed 

to cell wall structure difference of bacterial strains. The cell wall of Gram-negative bacteria is 
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bestowed with outer membrane as well as periplasmic space which hinder the antimicrobial 

substances penetration thus provides more resistant to Gram-negative bacteria.   

Fruit bars fortified with different levels of mango and kinnow peel polyphenolic extracts 

subjected to ambient and refrigerated storage conditions revealed a gradual decline in moisture 

content, total polyphenols, antioxidant activity, physical quality paramers of fruit bars, pH as 

well as decline in sensory attributes such as colour/appearance, taste, flavour, texture and overall 

acceptability during storage period. However, TSS, acidity, reducing sugars, total sugars content 

of fruit bars elevated during storage. Microbiological parameters total plate count, mould and 

yeast count though increased during storage but remained well within the permissible limits.   

Ambient temperature storage fruit bars were discarded after three months on the basis of sensory 

evaluation. Mango and kinnow peel extract fortified fruit bars held at refrigeration temperature 

conditions remained sensory acceptable for five months. Generally, mango peel extract fortified 

fruit bars were more sensory acceptable than kinnow peel extract fruit bars. Overall, 2% mango 

peel extract fortified fruit bars scored highest and were appreciated most by the sensory panelists 

while 3% kinnow peel extract fortified fruit bars scored lowest and were disliked most.  

 It was concluded that Mango and kinnow peel extract fortified fruit bars could be utilized 

as a preventive and alternate therapeutic agent against cardiovascular disorders.                                                                                             
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                                 APPENDIX-I 

PROFORMA FOR SENSORY EVALUATION OF FRUIT BARS 

 

Name: ______________________________                Designation/Status: _________________ 

Date:  _______________________________            Signature: _________________________ 

 

Sensory attributes 

Code Colour/Appearance Taste 

 

Flavour Texture Overall 

Acceptability 

      

      

      

      

      

  

9-Point Hedonic Scale 

9 - Like extremely 

8 - Like very much 

7- Like moderately 

6 - Like slightly 

5 - Neither like nor dislike 

4 - Dislike slightly 

3- Dislike moderately 

2- Dislike very much 

1- Dislike extremely  

 

Remarks: _____________________________________________________________________ 

                 _____________________________________________________________________ 


