
 1 

EVALUATION AND CHARACTERIZATION OF 

PHENOLIC ANTIOXIDANTS FROM INDIGENOUS 

BOTANICAL SOURCES 
 
 

 

By 
 

 

 

BUSHRA SULTANA 
M. Sc (UAF) 

 

 

 
 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 
 

 

 

 

DOCTOR OF PHILOSPHY 

IN 

CHEMISTRY 

 

 

 

DEPARTMENT OF CHEMISTRY 

FACULTY OF SCIENCES 

UNIVERSITY OF AGRICULTURE, 

FAISALABAD. 

2008 



 2 

 

 

Acknowledgement 
 

Humbles thanks to Almighty ALLAH -The creator of this Universe, who has given 

knowledge to man to think, find out and explore the world and his creations. Without 

Allah’s blessings it was not possible for me to complete this research work. I am thankful 

from the core of my hearts to the Prophet of Islam Hazrat MUHAMMAD (P.B.U.H.) for 

whose sake this universe is created and who is a beacon of knowledge and guidance, and a 

role model for all of us. Thousands of Darood-o-salam upon him, his followers and the ahl-

e-bait. 

              I cannot find proper words to acknowledge the help and support of my supervisor 

Dr. Farooq Anwar, Assistant Professor, Department of Chemistry and Biochemistry, 

University of Agriculture, Faisalabad, Pakistan. Without his patronage, guidance and 

constructive criticism it could not be possible for me to complete this task.  

        Words are lacking to pay sincerest gratitude to Professor Dr. Rakhshanda Nawaz, 

Department of Chemistry and Biochemistry, University of Agriculture, Faisalabad for her 

help not only during the course of this project but in every hour of need. I am immensely 

indebted to Professor Dr. Munir Ahmed Sheikh, Department of Chemistry and 

Biochemistry, University of Agriculture, Faisalabad, for his help and cooperation during 

my research work.  

           Special thanks to all of my teachers who taught me during my academic career. I am 

also very grateful to Dr. Muhammed Rafique Asi, Senior Scientist, Nuclear Institute for 

Agriculture and Biology, Faisalabad, Pakistan and Dr. Muhammad Iqbal Bhanger, 

Director National Center of Excellence in Analytical Chemistry (NCEA), University of 

Sindh, Jamshoro, Pakistan for their kind cooperation during the research work.  

        I am also thankful to all the laboratory and clerical staff of the Department of 

Chemistry and Biochemistry, University of Agriculture, Faisalabad for their kind support.  

            How can I forget to acknowledge my sweet friends Maleeha Manzoor, Rehana 

Naseer and Fozia Anjum and sincere lab fellows Sajid Latif, Umer Rashid and 

Abdullah Ijaz Hussain for their kind assistance and cooperation.           Infinite and 



 3 

countless thanks to my sisters in law for their help and support to complete my entire 

research work. Deepest tribute to my mother, sisters and brother whose prayers always 

make the way easier for me, whose hands are always raised for my well-being. I can never 

pay them for their efforts. 

      Last, but not least, great compliments to my husband Syed Haider Ali and my sweat 

children, without their love and prayers I could not be able to achieve this goal. May Allah 

bless all these people and shower happiness upon them                  (Amin). 

                                                                              

 

Bushra Sultana 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 4 

 
                                                                                                                    

 Contents 
 
Chapters    Titles 

 

Page 

No. 
Chapter 1 Introduction 

 

1-7 

Chapter 2 Review of literature 

 

8-36 

2.1 

 

Phenolic antioxidants 

 
8 

2.2 Structure-activity relationship (SAR) 10 

2.3 Compartmentation of phenolics within plants 

 

12 

2.4 Factors affecting phenolic constituents of plants 

 

13 

2.5 Changes during growth and maturation 

 

15 

2.6 Plant sources of phenolic antioxidants 

 

16 

2.7 Effect of processing/heat on the phenolic contents and antioxidant 

activity  

of plant materials  

20 

2.8 Uses of plant antioxidant extracts for food preservation  22 

2.9 Analytical methods used for screening plants antioxidant potential  

 

24 

2.10 Chromatographic techniques involved for qualitative and quantitative 

analysis of phenolic antioxidants 

30 

Chapter  3 Materials and Methods 37-51 

3.1 Collection of samples 37 

3.2 Description of the analytical instruments used throughout the work 

 

38 

3.3  Reagents and standards 

 

38 

3.4 Experimental protocol 

 

39 



 5 

3.4.1 Effect of drying on the antioxidant activity of different plant materials 39 

3.4.2 Effect of extraction medium/technique on the antioxidant activity of 

plant materials 

39 

3.4.3 Effect of different cooking methods on the antioxidant activity of 

selected material (vegetables) 

41 

3.5 Evaluation of antioxidant activity of plant materials after extraction 

 

42 

3.6 HPLC analysis of phenolic compounds (phenolic acids and flavonols) in 

plant materials 

44 

3.7 Separation and quantification of phenolic compounds by using Gas 

chromatography-Mass spectrometry (GC-MS) 

46 

3.8 Evaluation of antioxidant potential of different agro waste extracts for 

preservation of vegetable oils under accelerated and ambient storage  

47 

3.9 Statistical analysis 50 

Chapter 4 Results 52-126 

Chapter 5 Discussion 127-138 

5.1 Effect of drying on the antioxidant activity of different plant materials  125 

5.2 Effect of extraction procedure on the antioxidant activity of different plant 

extracts 

128 

5.3 Effect of processing on the antioxidant activity of vegetables 141 

5.4 Quantification of flavonols from different plant materials using HPLC  147 

5.5 Quantification of phenolic acids and flavonols from different plant materials 

using HPLC 

151 

5.6 Quantification/authentication of flavonols and phenolic acids in different 

plant materials using GC-MS 

154 

5.7 Antioxidant potential of agro wastes extracts for stabilization and 

preservation of vegetable oils 

155 

 Summary  

 

163 

Chapter 6 References 

 

166-195 

 Reprints of the publications 196 



 6 

 

 

 

 

 

 

LIST OF TABLES 

Serial 

No. 

Titles Page 

No. 
2.1 Total phenolic contents of fruits and vegetables 14 

2.2 High performance liquid chromatographic (HPLC) determination of 

phenolic compounds in plant sources 

35-36 

3.1 HPLC Conditions for the analysis of phenolic compounds 45 

3.2 GC-MS conditions for the analysis of phenolic compounds 46 

3.3 Botanical name/variety, common name, and part used in the present 

study 

51 

4.1.1  Effect of drying on the antioxidant activity of different medicinal 

plant organs 

52 

4.1.2  Effect of drying on the antioxidant activity of different agro waste 

materials 

53 

4.1.3  Effect of drying on the antioxidant activity of different fruits 

 

54 

4.1.4 Effect of drying on the antioxidant activity of different vegetables 55 

4.2.1.a Effect of extraction procedure on the extract yield (g/100 g of dry 

matter) of medicinal plant organs 

56 

4.2.1.b Effect of extraction procedure on the extract yield (g/100 g of dry 

matter) of different agricultural waste materials 

57 

4.2.1.c Effect of extraction procedure on the extract yield (g/100 g of dry 

matter) of different fruits 

58 

4.2.1.d Effect of extraction procedure on the extract yield (g/100 g of dry 

matter) of different vegetables 

59 

4.2.2.a  Effect of extraction procedure on the total phenolic contents (GAE 

g/100 g of dry matter) of medicinal plants organs 

60 

4.2.2.b. Effect of extraction procedure on the total phenolic contents (GAE 

g/100 g of dry matter) of different agro wastes 

61 

4.2.2.c  Effect of extraction procedure on the total phenolic contents (GAE 

g/100 g of dry matter) of different fruits 

62 

4.2.2.d Effect of extraction procedure on the total phenolic contents (GAE 

g/100 g of dry matter) of different vegetables 

63 

4.2.3.a Effect of extraction procedure on the total flavonoid contents (CE 64 



 7 

g/100 g of dry matter) of medicinal plants organs 

4.2.3.b Effect of extraction procedure on the total flavonoid contents (CE 

g/100 g of dry matter) of different agro wastes 

65 

4.2.3.c Effect of extraction procedure on the total flavonoid contents (CE 

g/100 g of dry matter) of different fruits 

66 

4.2.3.d Effect of extraction procedure on the total flavonoid contents (CE 

g/100 g of dry matter) of different vegetables 

67 

4.2.4.a Effect of extraction procedure on reducing power of different 

medicinal plant organs 

68 

4.2.4.b Effect of extraction procedure on the reducing power of different agro 

wastes 

69 

4.2.4.c Effect of extraction procedure on the reducing power of different 

fruits 

70 

4.2.4.d Effect of extraction procedure on the reducing power of different 

vegetables 

71 

4.2.5.a Effect of extraction procedure on the DPPH
.
 scavenging activity (% 

DPPH
.
 remaining) of different medicinal plant organs 

72 

4.2.5.b  Effect of extraction procedure on the DPPH
.
 scavenging activity (% 

DPPH
.
 remaining) of different agro wastes 

73 

4.2.5.c  Effect of extraction procedure on the DPPH
.
 scavenging activity (% 

DPPH
.
 remaining) of different fruits 

74 

4.2.5.d  Effect of extraction procedure on the DPPH
.
 scavenging activity (% 

DPPH
.
 remaining)  of different vegetables 

75 

4.2.6.a  Effect of extraction procedure on the % inhibition of linoleic acid 

peroxidation of different medicinal plant organs 

76 

4.2.6.b  Effect of extraction procedure on the % inhibition of linoleic acid 

peroxidation of different agro wastes 

77 

4.2.6.c Effect of extraction procedure on the % inhibition of linoleic acid 

peroxidation of different fruits 

78 

4.2.6.d  Effect of extraction procedure on the % inhibition of linoleic acid 

peroxidation of different vegetables 

79 

4.3.1  Effect of different cooking methods on extract yield (g/100 g of dry 

matter) of vegetables 

80 

4.3.2  Effect of different cooking methods on the total phenolic contents 

(GAE g/100 g of dry matter) of vegetables   

81 

4.3.3 Effect of different cooking methods on % inhibition of linoleic acid 

peroxidation of different vegetables 

82 

4.3.4 Effect of different cooking methods on the reducing power of 

vegetables 

83 

4.4.1 Flavonol contents (mg/ kg of dry matter) of different vegetables 87 

4.4.2  Flavonol contents (mg /kg of dry matter) of different fruits 88 

4.4.3 Flavonol contents (mg/kg of dry matter) of different medicinal plant 89 



 8 

organs 

4.4.4 Flavonol contents (mg/kg of dry matter) of different agro waste 

material 

90 

4.5.1 Contents of phenolic acids (mg/kg of dry matter) of different 

medicinal plant organs quantified by HPLC 

96 

4.5.2 Contents of phenolic acids (mg/ kg of dry matter) of different agro 

wastes quantified by HPLC 

97 

4.5.3 Contents of phenolic acids (mg/ kg of dry matter) of different 

vegetables quantified by HPLC 

98 

4.5.4 Contents of phenolic acids (mg/ kg
 
of dry matter) of different fruits 

quantified by HPLC 

99 

4.6.1 Contents of phenolic acids (mg/ kg of dry matter) of different 

medicinal plant organs quantified by GC-MS 

106 

4.6.2 Contents of phenolic acids (mg/ kg of dry matter) of different agro 

wastes quantified by GC-MS 

107 

4.6.3 Contents of phenolic acids (mg/ kg of dry matter) of different 

vegetables quantified by GC-MS 

108 

4.6.4 Contents of phenolic acids (mg/ kg
 
of dry matter) of different fruits 

quantified by GC-MS 

109 

4.7.1 Peroxide value (meq/kg of oil) of stabilized and control corn oil under 

accelerated storage  

110 

4.7.2 Conjugated dienes (ε1cm (λ232 nm) of stabilized and control corn oil 

under accelerated storage 

111 

4.7.3 Conjugated trienes (ε1cm (λ268 nm) of stabilized and control corn oil 

under accelerated storage 

112 

4.7.4 P-anisidine value of stabilized and control corn oil under accelerated 

storage 

113 

4.7.5 Peroxide value (meq/kg of oil) of stabilized and control corn oil under 

microwave storage 

114 

4.7.6 Conjugated dienes (ε1cm (λ232 nm) of stabilized and control corn oil 

under microwave storage 

115 

4.7.7 Conjugated trienes (ε1cm (λ268 nm) of stabilized and control corn oil 

under microwave storage 

116 

4.7.8 P-anisidine value of stabilized and control corn oil under microwave 

storage 

117 

4.7.9 Peroxide value (meq/kg of oil) of stabilized and control corn oil under 

ambient storage 

118 

4.7.10 Conjugated dienes (ε1cm (λ232 nm) of stabilized and control corn oil 

under ambient storage 

119 

4.7.11 Conjugated trienes (ε1cm (λ268 nm) of stabilized and control corn oil 

under ambient storage 

120 

4.7.12 P-anisidine value of stabilized and control corn oil under ambient 

storage 

121 



 9 

4.8 Percent decline in the oxidation of sunflower oil under accelerated 

storage using antioxidant extracts from different agro wastes 

122 

4.9 Comparison in the percent decline in the oxidation of corn oil under 

different storage conditions using antioxidant extracts from different 

agriculture waste materials  

123 

4.10 Comparison in the percent decline in the oxidation of sunflower oil 

under different storage conditions using antioxidant extracts from 

different agriculture waste materials 

124 

 

 

LIST OF FIGURES 

Serial 

No. 

Titles Page 

No. 
1.1 Some important phenolic acids: A-C, hydroxyl derivatives of 

benzoic acid and E-G, hydroxyl derivatives of cinnamic acid 

4 

1.2 Some important flavonoids 5 

2.1 General chemical structure of flavonoid compounds 11 

2.2 Active chelating region of flavonones and flavones and (B) the 

chelating mechanism 

12 

4.4.1 HPLC chromatogram showing the separation of pure standards of 

flavonols 

84 

4.4.2 Typical HPLC chromatogram showing the separation of flavonols 

of Aloe vera leaves 

85 

4.4.3 Typical HPLC chromatogram showing the separation of flavonols 

of apricot 

86 

4.5.1 Typical HPLC chromatogram showing the separation of mixture 

of pure standards of phenolic acids 

91 

4.5.2 Typical HPLC chromatogram showing the separation of phenolic 

acids of Ficus religiosa 

92 

4.5.3 Typical HPLC chromatogram showing the separation of phenolic 

acids of corncob 

93 

4.5.4 Typical HPLC chromatogram showing the separation of phenolic 

acids of Moringa oleifera leaves 

94 

4.5.5 Typical HPLC chromatogram showing the separation of phenolic 

acids of turnip 

95 

4.6.1 Typical GC-MS chromatogram showing the separation of phenolic 

acids of pomegranate peel 

100 

4.6.2 Typical GC-MS chromatogram showing the separation of phenolic 

acids of apple fruit 

101 

4.6.3 Typical GC-MS chromatogram showing the separation of phenolic 

acids of cabbage 

102 

4.6.4 Typical GC-MS chromatogram showing the separation of phenolic 103 



 10 

acids of onion 

4.6.5 Typical GC-MS chromatogram showing the separation of phenolic 

acids of Acacia nilotica bark 

104 

4.6.6 Typical GC-MS chromatogram showing the separation of phenolic 

acids of wheat bran 

105 

 

 

 

 

Chapter 1 
INTRODUCTION 
 

1.1   Lipid oxidation versus antioxidants  

Lipid peroxidation in fats and fatty foods not only deteriorate their quality and 

results in chemical spoilage, rather it also produces free radicals and reactive oxygen 

species (ROS), which are negatively linked with carcinogenesis, mutagenesis, inflammation, 

and other cardiovascular diseases (Sikwese and Duodu 2007). Antioxidants are first line of 

defense against oxidative stress, and play a key role for maintaining good human health 

and protection of biological systems. Besides valuable role of antioxidants in the prevention 

of diseases, they are also used to prevent food deterioration during processing, distribution, 

and later storage stages (Vagi et al. 2005).   

Synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated 

hydroxytoluene (BHT), propyl gallate (PG) and tertiary butylhydroquinone (TBHQ) have 

been widely used in foods for preventing oxidation. Although such synthetic antioxidants 

are efficient and relatively cheap, their uses in food are discouraged because of their 

toxicity and perceived carcinogenic potential (Siddhuraju 2006). The replacement of 

synthetic antioxidants with those of derived from natural sources is associated with 

different beneficial health effects and functionalities such as solubility in both oils and 

water and also for emulsions, in food systems (Paradiso et al., 2008; Descalzo and Sancho 

2008).  

Natural antioxidants have attracted a great deal of public and scientific interest 

because of their anticarcinogenic potential and other health-promoting effects. 

Epidemiological studies have shown that consumption of plant foods containing 
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antioxidants is beneficial to health and contributes to the prevention of degenerative 

processes, hence lowering the incidence and mortality rate from cancer and cardio- and 

cerebro-vascular diseases (Choi et al., 2007). There is increasing evidence that changing 

one‟s diet to an increased intake of food „relatively high‟ in selected natural antioxidants, 

such as plant polyphenols, vitamin C or flavonoids can reduce the incidence of chronic and 

degenerative diseases (Fan et al., 2007). Diets containing selected natural antioxidant 

extracts, mixed tocopherols, ascorbyl palmitate, herbal extracts of rosemary or sage, tea, 

blueberries and bilberries extracts, have been successfully exploited for antioxidant 

applications in Japan, Europe and North America (Descalzo and Sancho 2008; Tabata et 

al., 2008). Several of such antioxidant substances are believed to play a potential role to 

interfere with oxidation process by reacting with free radicals, chelating catalytic metals 

and scavenging oxygen in food and biological systems (Kim 2005). 

 

1.2    Phenolic antioxidants 

Plants are promising source of natural antioxidants. Plant-derived 

antioxidants may function as reducing agents, free radical scavenger and 

metal ion chelators. Natural antioxidants may include phenolic and 

polyphenolic compounds, antioxidant vitamins and enzymes, as well as 

carotenoids and carnosine. 

Polyphenols are the most abundant antioxidant in our diet. The average 

daily intake of polyphenols is estimated to be about 1 g, which is almost 10-

fold, the intake of vitamin C, 100-fold the intake of vitamin E, and 500-fold 

the intake of carotenoids (Scalbert and Williamson 2000). The interest in 

polyphenolic antioxidants has increased remarkably in the last decade because of their 

efficacy in scavenging free radicals associated with various diseases. Several plants have 

been studied as sources of potentially safe polyphenolic antioxidants for the food and 

therapeutic industry.  

It has been well established that antioxidant activity of the plant extracts is mainly 

ascribed to phenolic contents (Heim et al., 2002). Phenolic compounds are biologically 
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active plant secondary metabolites (Randhir and Shetty 2004). Although the exact 

contribution of these compounds is still indecisive, however, it is considered that these are 

important in the survival of plants in harsh environment because of their physiological and 

morphological functions including nutrient uptake, protein synthesis, enzyme activity, 

photosynthesis, structural components, and allelopathic properties (Puupponen-Pimia et 

al., 2005). Some phenolic compounds are involved in primary metabolism, whereas, others 

have an effect on plant growth or protect the more exposed cell constituents under different 

environmental stress conditions like wounding, infection, and against photooxidation 

caused by excessive ultraviolet (UV) light by virtue of their strong UV absorption. 

Polyphenols also form an integral part of the plant cell wall structure, mainly in the 

form of polymeric materials such as lignins, serving as mechanical support and barrier 

against microbial attack. Another important function of phenolic compounds, especially 

the anthocyanins, together with flavones and flavonols as co-pigments, is their contribution 

to flower and fruit colors.  Being bird and insect attractants these compounds also help in 

seed dispersal and pollination. Phenolic compounds also exhibit multiple physiological 

properties in human, such as anti-allergenic, anti-artherogenic, anti-inflammatory, anti-

microbial, antioxidant, anti-thrombotic, cardioprotective and vasodilatory effects 

(Devasagayam et al., 2004; and Manach et al., 2005).  

 

Phenolic compounds are widely distributed in plant kingdom, however, their 

concentration vary from plant to plant or even in different organs of the same plant. Many 

plants are considered to be excellent sources of phenolic compounds that could be used, not 

only to preserve foods, but also to contribute to a healthy diet (Liu et al., 2008; Tabata et 

al., 2008)  There is an increasing awareness and interest in the antioxidant behavior and 

potential health benefits associated with phenolic compounds. Among various 

phytochemicals, dietary phenolic compounds such as ferulic, p-coumaric, sinapic and 

syringic acids and polyphenols typically, flavonoids (flavonols, flavones etc) are considered 

to be powerful antioxidants. Their antioxidant activity is much higher in vitro than of well-

known vitamin antioxidants (Palanisamy et al., 2008). Flavonoids constitute approximately 

two-third of the total dietary phenolics. Among different classes of flavonoids, flavonols i.e. 
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quercetin, myricetin, and kaempferol are most important due to their important 

physiological functions and health benefits (Benbrook 2005). A number of researchers 

reported the inverse relationship between the intake of phenolic compounds and decrease 

risk of coronary heart diseases and certain cancers (Kaliora et al., 2006)  
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Figure 1.1. Some important phenolic acids: A-C, hydroxyl derivatives of benzoic acid and E-G, 

hydroxyl derivatives of cinnamic acid (Shahidi 1997; Hakkinen 2000). 
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Figure 1.2. Some important flavonoids (Hakkinen 2000). 

 

Among various plant sources fruits are considered as the most important source of natural 

antioxidants. The antioxidant activity in frits is notable due to presence of high contents of 

phenolic compounds. Many fruit phenolics have inhibitory effects on mutagenesis and 

carcinogensis. Fruits also contained many other antioxidants like vitamins and carotenoids 

(Hernandez et al., 2006). Especially, some soft fruits like strawberry, raspberry etc. are rich in 

phenols, flavonoids, anthocyanins, catechin and vitamin C (Chaovanalikit and Wrolstad 2004). 

Leafy green vegetables and beans contain phytochemicals that are chemo-preventive. 

Most of them contain antioxidant substances e.g., indoles, carotenoids, vitamin C, and phenolics 

(Mokbel and Hashinaga 2006). Many vegetables such as broccoli, cabbage, cauliflower, spinach 

etc are rich in phenolic compounds (Kuszierewicz et al., 2008; Karadeniz et al., 2005; Podsedek 

2007). 

 Green and black teas have been intensively studied for antioxidant properties since they 

can contain up to 30 % of the dry weight as phenolic compounds. Many spices and herbs are 

added to food not only for flavor but also for preservation and suppression of rancidity and auto-

oxidation of fats.  

Many spices are known to possess a variety of antioxidant effects and properties. 

Phenolic compounds in these plant materials are closely associated with their antioxidant 

activity. Herbal spices e.g., ginger rhizome, clove, thyme, sage, common basil are promising 

sources of natural antioxidants, being rich in thymol, polyphenolics, coumarines, curcumarines 

and flavonoids (Chen et al., 2007; Liu et al., 2008). Rosemary extract is the most widely 

used spice antioxidant and is commonly added to meats and meat products, 

dressings, and fats and oils to inhibit oxidative degradation of these foods. 

Cereals and legumes containing a wide range of phenolics are also a good source of 

natural antioxidants (Anwar et al., 2007; Iqbal et al., 2007). Cereals are rich in antioxidant 

components. Phenolic compounds are mainly responsible for the antioxidant activity of cereals. 

Ferulic, caffeic, protocatechuic, p-hydroxybenzoic, vanillic, syringic and p-coumaric acids are 
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the most common phenolic acids in cereals. Total free phenolics acid content may exceed 0.02% 

of the dry weight of whole, mature and undamaged grains. 

 Some vegetable oilseeds also contain antioxidants other than tocopherols and as such 

might be use for protecting other oils and food lipids. These include virgin olive oil, sesame oil, 

palm oil, cocoa lipids, rice bran oil, grape seeds and oat. Agriculture and industrial residues are 

attractive sources of natural antioxidants. Peels potato, citrus, apple, and pomegranate, rice bran, 

rice hull, wheat bran are also considered as cheap source of natural antioxidants (Li et al., 2006; 

Zia-ur-Rehman 2006).   

Currently, the use of some phenolic substances including flavonoids and phenolic 

acids in foods, as well as preventive and therapeutic medicine is gaining much recognition 

because of their anticarcinogenic properties and other health-promoting effects 

(Siddhuraju and Becker, 2007; Fan et al., 2007; Iqbal et al., 2007). Although a number of 

studies investigating the antioxidant potential and phenolic contents in numerous plant 

sources have been made, the compositional data are yet insufficient. In view of the growing 

demand and health benefits of natural antioxidants, need exists to search more and more 

plants as potential sources of viable and safer phenolic antioxidants. The ultimate objective 

of the present study was to appraise the antioxidant attributes and quantify the phenolics 

contents of a variety of medicinally, nutritionally or economically important plant 

materials (vegetables, fruits, plant organs), and agro-wastes, indigenous to Pakistan.  

 

 

Aims and objectives of the study 
 

The present study was designed with the following major aims and objectives: 

   

1. To investigate the effects of drying on the antioxidant attributes of plant materials. 

 

2. To examine the efficacy of extraction media/extraction methods for obtaining potent 

antioxidant extracts from plant materials.  

 

3. To appraise the effects of different cooking methods on the antioxidant activity of 

selected vegetables. 
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4. Assessment of total phenolic contents (TPC) and antioxidant activity of plant extracts 

using different in-vitro antioxidant assays.  

 

5. Quantification/characterization of phenolic compounds (selected phenolic acids and 

flavonols) in plant materials using high performance liquid chromatographic (HPLC) and 

gas chromatographic/mass spectrometric (GC/MS) techniques  

 

Evaluation of potential applications of selected antioxidant extracts for stabilization and 

protection of vegetable oils against oxidation. 
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Chapter 2 

REVIEW OF LITERATURE 

 

2.1. Phenolic antioxidants 

Phenolic compounds are recognized as plant secondary metabolites. In plants, 

phenolic compounds have many physiological functions, such as protection from ultraviolet 

radiation, pathogens and predators. Phenolics also contribute to the colour and flavour of 

plant tissues, facilitating their growth and reproduction (Harborne et al., 1999; Heim et al., 

2002). Phenolic compounds also exhibit multiple physiological functions in human, such as 

anti-allergenic, anti-artherogenic, anti-inflammatory, anti-microbial, antioxidant, anti-

thrombotic, cardioprotective and vasodilatory effects (Heim et al.,  2002; Devasagayam et 

al., 2004; Manach et al., 2005; Kaliora et al., 2006; and Yu et al., 2008). Literature revealed 

that diets rich in phenolic antioxidants (fruits and vegetables) are associated with 

maintenance of health and disease prevention. A wide array of low and high molecular 

weight plant polyphenolics presenting antioxidant properties has been studied and 

proposed for the protection against lipid oxidation (Liu et al., 2008). 

 

2.1.1. Chemistry of phenolic antioxidants 

Phenolics represent a diverse group of organic compounds comprising at least one 

aromatic ring and one or more hydroxyl constituents. Phenolic compound range from 

simple phenols (phenolic acids) to highly polymerized compounds (tannins). Phenolic 

compounds can primarily be categorized into several classes such as simple phenolic acids, 

flavonoids, lignins and tannins etc. However, most important dietary phenolic compounds 

possessing antioxidant potential are phenolic acids and flavonoids (Yanishlieva Maslarova 

2001). 

 

2.1.2. Phenolic acids 
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Phenolic acids consist of two subgroups i.e. hydroxybenzoic acids, hydroxycinnamic 

acids. Hydroxybenzoic and hydroxycinnamic acids have common structure (C6-C1) and (C6-

C3), respectively. However, individual hydroxybenzoic and hydroxycinnamic acids (figure 

1.1, chapter 1) differ from each other depending on the methylation or hydroxylation of the 

aromatic ring. Most commonly occurring hydroxybenzoic derivatives are p-

hydroxybenzoic, vanillic, syringic, and protocatechuic acids while hydroxycinnamic 

derivatives are p-coumaric, ferulic, sinapic and caffeic acid (Shahidi 1997). Merely a small 

fraction of phenolic acid exists in free form. Majority of the phenolic acid are present in 

bound forms. They are linked through ester, ether, or acetal bonds either to structural 

components of the plants (cellulose, proteins, lignins) (Lam et al.,   2001) or forms 

conjugated with sugars or organic acids as well as to other natural products (like terpenes) 

(Robbins 2003).  

 

 2.1.3. Flavonoids 

Flavonoids are a group of plant phenols, accounting for over half of the 8000 

naturally occurring phenolic compounds (Shahidi 1997; Harborne et al., 1999). Flavonoids 

are low molecular weight compounds, (fifteen carbon atoms) characterized by basic 

skeleton (C6-C3-C6) consisting of two aromatic rings linked by a three carbon aliphatic 

chain, which normally condensed to form a pyran, or less commonly a furan. Flavonoids 

are further subdivided into different classes (flavonols, flavones, flavanones, flavanols (or 

catechins), isoflavones, flavanonols, and anthocyanins) depending on the variation in 

substitution on ring C, however, substitution to ring A and B give rise different compounds 

within each class of flavonoids (figure 1.2, chapter 1) (Pietta 2000; Shahidi 1997).  

Among all classes of flavonoids, flavones and flavonols are most widely occurring in 

all plant tissues of every plant particularly in leaves and petals of at least 80 % of higher 

plants and also in fruits however, flavonols occur more frequently than flavones (Harborne 

et al.,   1999). 

Flavonols (Kaempferol, quercetin, and myricetin) are pale yellow, poorly soluble 

substances present usually in foods as O-glycosides; D-glucose being the most common 

sugar residue. Other sugar residues are D-glactose, L-rhamnose. L-arabinose, D-xylose and 
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D-glucuronic acid. The preferred binding site for the sugar residue in C3 and less 

frequently the C7 position (Hakkinen 2000) 

 

 

 

2.2. Structure-activity relationship (SAR) 

Phenolic compounds display their antioxidant activity by scavenging free radicals, 

donating hydrogen atoms or electrons, or chelating metal cations (Amoarowicz et al., 2004). 

The structure of the phenolic compounds is responsible for their antioxidant activity, and 

referred as structure activity relationships (SAR). All monophenols are less efficient than 

polyphenols (Shahidi 1997). Cuvelier et al. (1992) tested the antioxidant efficiency of 

various phenolic acids and other phenolics and established a relationship between the 

structure of these molecules and their antioxidative activity.  

The position and degree of hydroxylation in relation to the carboxyl functional 

group are the major factors determining the antioxidant activity of phenolic acids. The 

introduction of second hydroxyl group at the ortho- or para- position to –COOH lowers the 

O-H bond dissociation enthalpy and increase the rate of H-atom transfer to peroxylradical 

and thus enhancing the antioxidant activity (Psotova et al.,   2003)  

Introduction of third hydroxyl group further increases the activity, as gallic acid, a 

trihydoxylated acid shows a high antioxidant activity (Ranalli et al., 2003). The antioxidant 

activities of monophenols also increase by the substitution of methoxy group at ortho- 

position to –OH, but to lesser extent as compared to the addition of a hydroxyl group.    

Another structural feature, which may increase the antioxidant activities of the 

monophenols, is the addition of carbonyl, ester or lactone. Activity increases when the 

carbonyl group is separated from the aromatic ring (Shahidi 1997). Consequently, 

hydroxycinnamic acids exhibit higher antioxidant activities as compared to the 

corresponding hydroxybenzoic acids (Andreasen et al., 2001). Greater antioxidant activity 

of cinnamic acids may be due to the stabilization of phenolic radical formed (Nenadis et al., 

2003). Overall, antioxidant activity of different phenolic acids in decreasing order is as 

follows: sinapic > caffeic > chlorogenic > 3, 4-dihydroxybenzoi > gallic > ferulic > salicylic > 
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coumaric > 4-hydroxy-3-metoxybenzoic > 4-hydroxybenzoic > benzoic > cinnamic acids 

(Chaillou and Nazareno 2006). 

The SAR of flavonoids is somewhat more complicated than phenolic acids due to 

their quite complex structure. Structural features and nature of the substitution on ring B 

and C determine the antioxidant activity of flavonoids (figure 2.1). Hydroxyl substitution 

on ring B at ortho position although increase the activity; however, addition of second 

hydroxyl group on the para position enhanced activity. Flavonoids having hydroxyl groups 

at 3‟-, 4‟- and 5‟- positions of ring B exhibit higher antioxidant activities as compared to 

flavonoids having a single hydroxyl group (Kondo et al., 2000; Moure et al., 2001). Among 

flavonols, quercetin exhibit maximum activity followed by kaempferol, apigegenin, 

galangin, and chrycin (Chaillou and Nazareno 2006). Seeram and Nair (2002) reported that 

antioxidant activity of the anthocyanidins increase due the conversion of 3‟- 4‟-

dihydroxyphenyl to 3‟- 4‟-5‟- trihydroxyphenyl; however, that of catechin decrease. The 

decrease of antioxidant activities of catechins may be ascribed to the pro-oxidants activities 

of such compounds under certain condition.    

 

Figure 2.1. General chemical structure of flavonoid compounds (Shahidi 1997) 

 

A double bond between the C2 and C3 position conjugated with 4-oxo group and 

combined with 3-OH, in ring C also enhance the radical scavenging activity of the 

flavonoids (figure 2.2) (Lotito et al.,   2000; Pietta, 2000; (Chaillou and Nazareno 2006).  
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Figure 2.2. (A) Active chelating region of flavonones and flavones and (B) the chelating 

mechanism (Shahidi 1997) 

 

2.3. Compartmentation of phenolics within plants 

Phenolic compounds are formed within plants through shikimate, phenylpropanoid 

pathways. Synthesis and accumulation of phenolic compounds can be controlled through 

different endogeneous (enzymes) and exogeneous factors (light, temperature, and 

wounding). Therefore, phenolic compounds are unevenly distributed in plant kingdom 

even in different parts of the same plant. The concentration of phenolics is generally 
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greater in leaves (Siddhuraju et al.,   2002; Silva et al., 2006), barks (Kahkonen 1999), peels 

of the fruits (Gorinstein et al., 2001; Gorinstein et al., 2004; Gil et al., 2000; Jayaprakasha et 

al.,  2001; Someya  et al., 2002; Wolf and Liu, 2003; Li et al.,  2006), and outer layers of the 

grains (Peterson et al.,   2001; Yu et al.,   2002; Zhou and Yu 2004; Adom et al.,   2005; 

Liyana-pathirana and Shahidi 2007). 

 At sub-cellular level phenolic compounds may accumulate in the cell walls or in the 

vacuoles. Limited data is available showing that phenolic compounds are present in the 

vacuoles and none in the free space and cytoplasm (Antolovich et al., 2000; Robbins 2003).  

Accumulation of soluble phenolic compounds is greater in the external tissues of fleshy 

fruits (epidermal and subepidermal layers) than in the internal tissues (mesocarp and 

pulp). Plum showed 3-4-fold higher phenolic contents in the skin than in the flesh 

(Cevallos-Casals et al.,   2006). The presence of phenolic compounds in the outer layers of 

the fruits, and grains might be due to the fact that the synthesis of phenolic compounds 

depends on light (Yu et al.,   2003; Yu and Zhou 2004). 

 

2.4. Factors affecting phenolic constituents of plants 

Fruits and other plant tissues are able to synthesis phenolic compounds. 

Quantitative differences in phenolic contents occur depending on different intrinsic (genus, 

species, cultivars) and extrinsic factors (agronomic, environmental, processing, and 

storage) (Rapisarda et al.,   1999; Tomas-Barberan and Espin 2001). 

 

2.4.1. Intrinsic factors  

Differences in polyphenolics are well pronounced on species level as depicted in 

Table 1, suggesting that phenolic contents of some fruits and vegetables like banana, litchi, 

mango, persimmon, white cabbage, and cauliflower is less than berries, apple, 

pomegranate, and plum, broccoli, and mint. Polyphenolic contents also vary within 

different verities or cultivars of each species. Appreciable variations have been observed in 

the total phenolic contents of different cultivars of plum (Chun et al., 2003), apricot 

(Dragovic-Uzelac et al., 2007), strawberries (Olsson et al., 2004), cherries (Chaovanalikt 

and Wrolstad 2004; Gonlalves et al.,  2004), and citrus fruit (Wang et al., 2007).  
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Table 2.1  Total phenolic contents (TPC) of some fruits and vegetables 

Fruit TPC Reference Vegetable TPC Reference 

 

Apple 296.3 ± 6.4
a
 Sun et al.,   2002   Peas 183.3 ± 10.23

a
 Turkman et al.,   

2005 

Banana 90.4 ± 3.2
a
 Sun et al.,  2002  White cabbage 15.3 ± 2.1

a
 Podsedek, 2007 

 

Banana 11.8 ± 0.4
a
 Luximon-Ramma 

et al.,   2003 

 Broccoli 337.0 ± 62
a
 Podsedek, 2007 

Black plum 143.5 ± 40.6
b
 Karakaya et al.,  

2001 

 Broccoli 101.6 ± 1.24
a
 Chu et al.,  2002 

 

Plum 174-375
a
 Kim et al.,   2003  Spinach 91.0 ± 8.5

a
 Chu et al.,   2002 

 

Blackberry 26.7-452.7
a
 Deighton et al.,   

2000 

 Cabbage 54.6 ± 7.0
a
 Chu et al.,   2002 

 

Blueberry 270-930
a
 Sellappan et al.,   

2002 

 Cabbage 92.5 ± 2.4
b
 Kaur and 

Kapoor, 2002 

Strawberry 161-290
a
 Heinonen et al.,  

1998 

 Carrot 56.4 ± 5.1
a
 Chu et al.   2002 

 

Strawberry 160 ± 1.2
a
 Sun et al.,   2002  Carrot 55.0 ± 0.9

b
 Kaur and 

Kapoor, 2002 

Litchi 3.35 ± 0.05
c
 Gorinstein et al.,   

1999 

 Mint 399.8 ± 3.2
b
 Kaur and 

Kapoor, 2002 

Litchi 28.8 ± 1.7
a
 Luximon-Ramma 

et al.   2003 

 Cucumber 19.5 ± 1.6
a
 Chu et al.,  2002 

Mango 56.0 ± 2.1
a
 Luximon-Ramma 

et al.,    2003 

 Yellow onion 76.3 ± 1.9
a
 Chu et al.,   2002 

Persimmon 1.45
c
 Gorinstein et al.,   

1999 

 Tomato 68.0 ± 1.6
b
 Kaur and 

Kapoor, 2002 
a
 Gallic acid equivalent/100 gm fresh weight 

b
Catechin acid equivalent/100 gm fresh weight 

c
Chlorogenic acid equivalent/100 gm fresh weight 

 

2.4.2. Extrinsic factors 

Beside intrinsic factors phenolic contents also vary depending on different extrinsic 

factors like agronomic, environmental. Soil quality (mineral and organic nutrients), 

availability of water, insects and animal herbivory pressure may affect level of nutrients in 

plants.  There is growing concern that the levels of some phenolics may be lower than 
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optimal for human health in foods grown using conventional agriculture practices (Brandt 

and Molgaard, 2001). Anttonen and Karjalainen (2006) reported that biochemical 

properties of organically grown black current do not differ from those grown 

conventionally. On contrary, Asami et al. (2003) reported that organically and sustainably 

grown foods have higher phenolic contents as compared to those produced by conventional 

agriculture practices.  

Season and region of cultivation may also have some impact on the phenolic 

contents of the plants. Dragovic-Uzelac et al. (2007) reported that region of cultivation did 

not affect the phenolic contents of apricot; however, Iqbal and Bhanger (2005) reported 

that season and region significantly affect the phenolic contents of the Moringa oleifera 

leaves.  The results of the later study depicted that environmental temperature strongly 

alters the phenolic contents of the Moringa oleifera leaves. Wang and Zheng (2001) and Yu 

et al. (2003) explained the fact that solar radiations change the phenolic constituents of 

plants. Generally it is considered that light stimulate the synthesis of flavonoids, especially 

anthocyanins and flavones. Yu and Zhou (2004) reported that antioxidant properties and 

phenolic contents of wheat bran extracts vary in relation to the changes in environmental 

conditions such as solar radiation, average daily solar radiation, and exposure time. 

Furthermore, individual antioxidant properties of a selected wheat genotype may respond 

to the environmental changes differently. On the basis of this fact it could be stated that 

plants in the regions of warmer climate have greater concentration of polyphenols as 

compared to those native to colder areas (Zhou and Yu 2005). The synthesis of flavonoids, 

phenolic acids may also increase in plant tissues after wounding or infection by pathogenic 

organisms or by feeding herbivores (Dixon and Paiva 1995; Stark 1997). 

 

2.5. Changes during growth and maturation 

The amount of phenolics in plant organs at any stage of maturity depends on 

equilibrium between biosynthesis and metabolism. The most important control mechanism 

in the metabolism include the amount of enzymes, regulation of enzyme activities, 

compartmentation of enzymes, availability of precursors and intermediates, integration in 

the differentiation and development programs (Harborne 1994).  
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Numerous investigations have confirmed that concentrations of phenolic 

compounds are higher in young tissues. Particularly, the anthocyanins are often produced 

in young leaves and shoots. Phenolic contents increased in the early stages of growth, 

thereafter decreased during maturation (Mirdehghan and Rahemi 2007). Ripening of fruits 

or other plant tissues involves a series of complex reactions, which leads to changes in 

phytochemistry of the plants. Two distinct phenomena of changes in phenolic contents can 

be observed during maturation, steady decrease or rise at the end of maturation. Dragovic-

Uzelac et al. (2007) reported that immature apricot fruits showed the highest level of 

polyphenols, which decreased at semi-matured fruits and did not change remarkably in 

mature fruits. Pandjaitan et al. (2005) reported that phenloic contents of spinach at 

immaturity were highest and then fall at fully mature state. On the other hand phenolic 

contents increased in fully ripened cherries (Goncalves et al., 2004). Chlorogenic, p-

coumaric acid, quercetin and kaempferol concentrations increased in ripened strawberry 

(Olsson et al., 2004).  

Total phenolic contents (TPC) may also vary in plants depending on the height of 

the plant. Lisiewska et al. (2006) reported that polyphenolic contents varied within 

different parts of the dill plant depending on the height of the plant. TPC of leaf blade, 

petiole and whole leaf are generally higher than that of stem and overall of the whole plant.  

 

2.6. Plant sources of phenolic antioxidants 

Potential sources of natural antioxidants have been searched in several types of 

plants and plant-based foods such as vegetables, fruits, oil seeds, cereals, barks and roots, 

spices and herbs etc. Phenolics such as flavonoids and phenolic acids are especially 

common in leaves, flowering tissues, fruits and vegetables (Kahkonen et al., 1999). Several 

phenolics have been isolated, and identified from cinnamon bark (Mathew and Abraham 

2006), Acacia confusa bark (Chang et al., 2001; Tung et al., 2007), Acacia auriculiformis 

(Singh et al., 2006), Pinus pinaster and Pinus radiata ( Jerez et al., 2007), stem, leaves and 

bark of Bauhinia forficate (Silva et al., 2006), roots of Berberis aristata and Oroxylum 

indicum (Surveswaran et al., 2006), leaves of Moringa oleifera (Siddhuraju and Becker 

2003; Anwar et al., 2007; Iqbal and Bhanger 2007), Terminalia catappa leaves (Chyau et al., 
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2005), pear (Andreotti et al., 2006), mulberry leaves (Arabshahi-Delouee and Urooj 2007), 

Guava leaves (Chen and Yen  2007).  

 

 

 

2.6.1. Phenolics in fruits and vegetables 

Among diverse plant sources, fruits and vegetables are most important bearing a 

number of antioxidant compounds. Currently, there has been much focus on the health 

benefits of consuming fruits and vegetables. Epidemiological studies demonstrated that 

high intake of fruits and vegetables is associated with lower risks of cancer, chronic heart 

diseases and other degenerative diseases (Gerber et al., 2002; Heim et al., 2002; Hunter and 

Fletcher 2002; Gundgaard 2003; Gassalau and Chen 2004). United States Department of 

Agriculture (USDA) and Department of Health and Human Serving (DHHS) have revised 

their Dietary Guidelines, recommending three to five servings of vegetables and two to four 

servings of fruits per day (Benbrook 2005). 

Beneficial effect of fruits and vegetables are partly attributed to phytochemicals 

having antioxidant potential including vitamin C, carotenoids, and other phenolic 

compounds like flavonoids and phenolic acids (Moyer et al., 2002; Bub et al.,  2003; Minussi 

et al., 2003; Rababah et al., 2004; Cieslik et al., 2006; Hernandez et al., 2006; and Mokbel 

and Hashinaga 2006). Phenolic compounds, especially cyanidin 3-rutinoside, cyanidin 3-

glucoside and anthocyanidins are reported to exhibit anticarcinogenic properties (Chen et 

al., 2007, Zhang et al., 2005).  

Botanically a great diversity exists within fruits and vegetables among all plant food 

groups. However, all fruit and vegetables have a specific phenolic profile that is 

characteristic of that fruit or vegetable. For instance chlorogenic acid is predominant 

phenolic compound in apricot. Similarly, (+)-catechin and (-)-catechin are major flavonoids 

present in apricot (Arts et al., 2000; Dragovic et al. 2005). Apple contains highest levels of 

quercetin compared with other fruits. A significant number of reports are available 

regarding the phenolic contents and antioxidant activity of various fruits. For example 

antioxidants with appreciable activity have been found in berries (Kahkonen et al., 1999; 
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Sellappan et al., 2002; Sun et al., 2002; Mattila et al., 2006), cherries (Mozetic et al., 2002; 

Chaovanalikit and Wrolstad, 2004), grapes (Karadeniz et al., 2005), citrus fruit (Gorinstein 

et al., 2001; Gorinstein et al., 2004; Lim et al., 2007; Wang et al., 2007), apple, (Eberhardt et 

al., 2000; Sun et al., 2002; Dragovic-Uzelac et al., 2005 ), pomegranate (Gil et al.,  2000; Li 

et al., 2006; Mirdehghan and Rahemi, 2007), plum (Chun et al., 2003; Garcia-Alonso et al., 

2004; Cevallos-Casals et al., 2006; Cieslik et al., 2006), apricot (Munzuroglu et al., 2003; 

Dragovic-Uzelac et al., 2005; Dragovic-Uzelac et al., 2007).   

Within vegetables, phenolics exist in both free and conjugated forms. Conjugated 

forms are generally present in fresh vegetables, however, aglycon are present in processed 

vegetables (Jaffery 2003). Several studies have suggested that vegetables like carrot, 

cabbage, cauliflower, spinach, broccoli etc. are an excellent source of natural antioxidants 

(Ou et al., 2002; Amic et al., 2003; Franke et al., 2004; Zhou and Yu 2005). 

  

2.6.2. Cereals and grains 

The health benefits of cereals and gains and their role in improving food quality, 

particularly with regard to applications in functional foods and nutraceuticals are 

fascinating (Abdul-Hamid and Luan 2000; Truswell 2003). Cereal grains contain a large 

variety of phytochemicals, especially, phytoestrogens, carbohydrates, lignin and phenolic 

antioxidants (Kim et al., 2006).  

Cereals of more economic importance include wheat, rice, barley, oat, and rye. 

Several studies documented the antioxidant potential of grain foods (Miller et al., 2000). 

The data indicated that cereals are rich in phenolic antioxidants (Yu et al., 2003). There are 

mainly two groups of phenolic acids in cereals; benzoic and cinnamic acid derivatives. The 

phenolic acids are distributed as free, soluble-conjugates and bound forms in the 

endosperm, germ, and bran fractions of the grains. Phenolic acids such as ferulic, caffeic, 

P-hydroxybenzoic, protocatechuic, P-coumaric, vanillic and syringic are typical to cereals 

and grains. However, their concentration varies within different fractions of the grains.  

 Different cereals like rice, wheat, barley and oat have been extensively studied for 

their antioxidant principles (Bonoli et al.,  2004; Tian et al., 2004; Zhou and Yu, 2004; 

Adom et al., 2005; Iqbal et al., 2005; Cheng et al., 2006; Kim et al., 2006; Iqbal et al., 2007; 
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Liyana-Pathirana and Shahidi, 2007). Generally, bran extracts of wheat, rice, oat, barley, 

having high concentration of phenolic acids have shown stronger antioxidant activity than 

other fractions (Peterson 2001; Iqbal et al., 2005; Liyana-Pathirana and Shahidi 2007). 

However, concentration of phenolic compounds in cereals grains is less as compared to 

fruits and vegetables (Kahkonen et al., 1999).  

 

2.6.3. Spices and herbs 

Besides flavoring purposes, spices and herbs have also been used for the 

preservation and suppression of rancidity and auto-oxidation in fats and related products. 

Extracts of selected spices and herbs such as Aframomum melegueta, Xylopia aethiopica, 

Caesalpinia sappan, Lithospermum erythrorhizon, Anemarrhena asphodeloides, Paris 

polyphylla and Illicium verum have been reported to lower the rancidity of lipid containing 

foodstuffs (Gabriel et al., 2003; andYingming et al., 2004). 

Spices and herbs also exhibit multipurposes medicinal and antiseptic properties. A 

number of spices and herbs have been evaluated for their antioxidant properties. 

Generally, the spices containing high levels of phenolics demonstrate high antioxidant 

capacity (Shan et al., 2005). Leafy spices, especially those belonging to the labiatae family 

such as sage, rosemary, oregano, and thyme have shown strong antioxidant activities 

(Dorman et al., 2003; Kosar et al., 2005).  Major types of phenolic constituents identified in 

spice extracts are phenolic acids, phenolic diterpenes, flavonoids, and volatile oils (e.g., 

aromatic compounds). Rosmarinic acid is noted to be the dominant phenolic compound in 

most spices of the family Labiatae. A wide variety of phenolic compounds derived from 

spices possess potent antimutagenic and anticarcinogenic activities. Few examples are 

curcumin, a yellow colouring agent, contained in turmeric, gingerol, a pungent ingredient 

present in ginger, and capsaicin, a principle of hot chilli pepper (Surh 2002).     

 

2.6. 4. Green and black tea 

Tea (Camellia sinensis), originating in china, is the most widely consumed beverage 

in the world. Recent studies have shown that tea offers many beneficial effects to the health 

of consumers due to its antioxidant, chemoprotective and therapeutic activities (Reitveld 
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and Wiseman 2003). Black, oolong, and green teas through their antioxidative activity, can 

inhibit various mutagens in cell culture assays (Cai et al., 2002). Polyphenols, especially 

catechins (constitute up to 30 %) and phenolic acids are considered responsible for the 

beneficial effects of tea (Lin et al., 1998).  The major tea catechins are (-)-epigallocatechin 

gallate (EGCG), (-)-epigallocatechin (EGC), and (-)-epicatechin gallate (ECG), and major 

phenolic acid is the gallic acid. A number of studies have demonstrated the antioxidant 

activity of tea (Cao et al., 1996; Chen et al., 1998; Yokozawa et al., 1998; Singh et al., 1999). 

The composition of tea catechins and phenolic acids and caffeine in commercial teas varies 

with species, season, and horticulture conditions and particularly with the degree of 

fermentation during manufacturing process. Benzie and Szeto (1999) correlated the 

antioxidant activity with total phenolic contents of tea and examined that green tea had 

superior activity than oolong or black tea.  Zuo et al. (2002) investigated that fermentation 

process remarkably reduced the levels of catechins in tea, and decreasing order of contents 

of catechins was as green > oolong > black > and pu-erh tea.  

 

2.6.5. Grapes and grape byproducts 

Grape (Vitis vinifera) is one of the world‟s largest fruit crop with an annual 

production of approx.58 million metric tons (FAO, 1997). Grapes and grape products (wine 

and juice) are good source of natural antioxidants, especially polyphenols. Major phenolic 

acid constituents are hydrocinnamic acids (coumaric, caffeic, ferulic, chlorogenic, and 

neochlorogenic acids), and benzoic acids (p-hydroxybenzoic, protocatechuic, vanillic and 

gallic acids). Grapes also possess different classes of flavonoids including colorless flavan-3-

ols (such as catechin, epicatechin, and their polymers and ester forms with galactic acid or 

glucose), colored flavanones, flavonols (most common is the quercetin), and red and blue 

anthocyanins (Shi et al., 2003).    

 

 

2.7. Effect of processing/heat on the phenolic contents and antioxidant activity of plant materials 

Seasons for which fruits and vegetables may be available in fresh form are very 

short. Therefore, fruits and vegetables are processed in different ways to make their uses 
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for the rest of the seasons. Both fruits and vegetables are stored at low temperatures or 

dried/cooked. It has been reported that the conditions of storage, processing and 

preparation exhibit incredible effects on the levels of phytochemicals, especially, 

carotenoids and vitamin C.      

The contents of phenolic compounds that have greater antioxidant activity as 

compared to vitamin C and carotenoids are also affected during storage, processing such as 

cutting, freezing, blanching, sterilizing, caning etc. (Leja et al., 2001). Blanching, freezing, 

and storage may decrease the vitamin C, β-carotene and phenolic contents of vegetables 

(Ismail et al., 2004; Gebczynski and Kmiecik 2007). However, freezing and storage have 

less pronounced effects on polyphenols than blanching. Generally, refrigerated storage at 

low temperature has little effect on the phytochemicals (Ninfali and Bacchiocca, 2003; 

Puupponen Pimia et al., 2003). Lisiewska and Kmiecik (2000) and Gebcynski and Kmiecik 

(2007) examined that one-year of storage at –20 and –30 
o
C non-significantly affected the 

polyphenolic constituents of vegetables. Generally, lower storage temperature results in 

better retention of the nutrients (Lester et al., 2004).  

Several studies have investigated the potential effects of processing and heat stress 

on the availability of natural antioxidants in botanical sources. It has been reported that 

thermal processing conditions might result in the loss of natural antioxidants because heat 

may accelerate the oxidation and other degenerative reactions. However, heating 

temperature is of much consideration during processing. Heating < 60 
o
C is regarded as 

unfavorable due to possibility of inducing oxidative decomposition either enzymatically by 

polyphenols oxidase and glycosides or by thermal degradation of antioxidative compounds 

like vitamin C, vitamin E etc. Nonetheless, heating at > 80 
o
C may result in the increase of 

total phenolic contents (TPC) and antioxidant activity due to deactivation of oxidative 

enzyme, formation of Maillard reaction products and also due to degradation of tannins, 

which leads to release of phenolic compounds (Toor and Savage, 2006). Effects of heat are 

noted to be much pronounced in fruits and vegetables. Fruits are generally dried under the 

sun or in a solar and an artificial dryer (Asghar et al., 2003). Although the effect of drying 

on fruits is not fully understood, only a few reports are available on this subject (Ferreira et 
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al., 2002; Piga et al., 2003). However, it is considered that sun drying may increase the 

antioxidant activity and total phenolics of the fruits (Al-Farsi, 2005). 

 

 An accelerated shelf life test at 80 
o
C for 4 days resulted in a 20-40% decrease of the 

antioxidant activity of the apple juice (Van der Sluis et al., 2005). Cheng et al. (2006) 

reported that antioxidant activity of wheat bran decreased up to 61% by heating at 100 
o
C 

for 9 days. Drying of tomato at 42 
o
C decreased the TPC (Toor and Savage, 2006). On 

contrary, Dewanto et al. (2002) and Gahler et al. (2003) reported that TPC of tomato 

increased after thermal processing.  Jeong et al. (2004) reported that heating up to 150 
o
C 

increased the TPC and antioxidant activity of the citrus peels. Lee et al. (2003) reported 

that far infrared radiation increased the antioxidant activity of rice hull.  

Mostly research has been focused on the antioxidant potential of fresh vegetables 

(Chu et al., 2000; Chu et al., 2002; Kurilich et al., 2002; Ou et al., 2002; Bahorun et al., 

2003; De Sa and Rodriguez 2004; Podsedek 2007; Abas et al., 2006; Cieslik et al., 2006; 

Dasgupta and De 2006). However, some studies reveal that the effects of cooking on the 

antioxidant activities of vegetables are appreciable. Generally, it is accepted that 

heating/cooking may result in reduction of certain valuable nutrients of vegetables (Davey 

et al. 2000; Leja et al. 2001; Kurilich et al. 2002; Jaffery et al. 2003; Rehman et al. 2003; 

Ismail et al. 2004; Ninfali and Bacchiocca 2003; Puupponen Pimia et al.  2003; Lin and 

Chang 2005; Turkman et al. 2005). Some of such compounds are vitamin C and 

carotenoids (Hussein et al. 2000; De Sa and Rodriguez 2004; Zhang and Hamauzu  2004; 

Oboh 2005; Gebczynski and Kmiecik 2006). In contrast, few reports indicate that 

extraction and availability of the carotenoids from plant matrix increases after cooking due 

to softening or distraction of plant cell walls and cleavage of carotenoid-protein-complexes 

(Howard et al. 1999; Van het Hof et al. 2000; Bernhardt and Schlich 2005).  

Loss of phenolic constituents depends on cooking method and time and also on the 

type of vegetable. Boiling and baking have little effect on the total phenolic contents and 

antioxidant activity of tomato, while frying has deleterious effects (Sahlin et al. 2003). 

Steaming led to the retention of highest levels of polyphenols in broccoli; however, 

microwave caused the highest losses of these phenolics (Vallejo et al. 2003). Few reports 
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indicate an increase in phenolic contents of the vegetables after cooking (Turkman et al. 

2005).  On the other hand, Turkman et al. (2005) reported that after cooking phenolic 

constituents may increase or remain unchanged depending on the type of vegetable, 

regardless of the type of cooking.    

  

2.8. Uses of plant antioxidant extracts for food preservation 

Deterioration of food lipids, due to autoxidation, is a free-radical chain reaction 

leading to generation of off-flavours and degradation of overall quality of products 

(Kazuhisa 2001). Consumers and food industries are encouraging the substitution of 

synthetic antioxidants by natural compounds. The uses of natural antioxidant extracts as 

components of foodstuff are fascinating for stabilizing food lipids (Bandoniene et al., 2000; 

Anwar et al., 2003).  

Several herbs and spices such as black pepper, propolis, rosemary and sage have been 

reported to provide appreciable protection against lipid oxidation (Kim et al., 1994; Ozcan 

2003). Frutos et al. (2005) added rosemary extract (RE) at different concentrations (0, 2, 4 and 6 

g/l) to a dressing consisting of sunflower oil, garlic and parsley.  Sensory tests performed on the 

bread with oil and garlic/parsley dressing revealed no rancid taste during the initial 6 days of 

storage at 50 ºC. No taste of RE was detected by a trained sensory panel at the two lowest 

concentrations added.  

Numerous sources of natural antioxidants have been employed for stabilization of 

vegetable oils, cookies, meat and other food commodities. Extracts of oat (Emmons and Peterson 

1999), rice bran (Chatha et al., 2006, Devi et al., 2007), wheat bran (Anwar et al., 2006), ginger 

(Zia-ur-Rehman et al., 2003), garlic (Iqbal and Bhanger 2007), Moringa oleifera leaves (Siddiq 

et al., 2005), and olive leaf (Benavente et al., 2000) have shown antioxidant effects in cooking 

oils.  Zia-ur-Rehman (2006) investigated antioxidant potential of citrus peel to retard oxidation 

of corn oil. Results of his study depicted that methanolic extract of citrus peel exhibiting strong 

antioxidant activity; almost equal to synthetic antioxidants (BHA and BHA) might be explored 

to suppress development of rancidity in oils and fats.  

  Antioxidant activity of methanolic extract of peanut hulls has been examined during 

storage of fried potato chips (Zia-ur-Reman 2003). Jayaprakasha et al. (2001) reported the 
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antioxidant potential of grape seed extracts for preservation of food products and health 

supplements. Mango seed kernel extracts can be used to enhance the oxidative stability of fresh 

cheese and ghee (Dinesh et al., 2000; and Abdalla et al., 2006). Botsoglou et al. (2004) 

investigated the use of tomato pulp to stabilize the meat of Japanese quail. Results suggested that 

inclusion of dried tomato pulp in feed at a level of 5% exerted an antioxidant effect.  

Improvements in the oxidative stability of the oils by adding extracts (comprising 

mainly polar antioxidant compounds like phenolics) from selected plant materials could be 

explained on the basis of “polar paradox” theory, which demonstrates that hydrophilic 

antioxidants work better in lipid systems, while lipophilic antioxidants are more effective in 

emulsions (Frankel and Meyer 2000).  

 

 

2.9. Analytical methods used for screening plants antioxidant potential  

Some review reports have been published regarding the determination of 

antioxidant activity and phenolic contents of different plant materials and plant-based 

foods (Van Sumere et al., 1978; Waterman and Mole 1994, Antolovich et al., 2000; and 

Robbins 2003). In any comprehensive analysis for the determination of antioxidant activity 

and especially the isolation of phenolic compounds from the sample matrix, sample 

preparation is of key importance. The ultimate goal of sample preparation is the recovery 

of antioxidative compounds of interest, freed from interacting matrix components 

(Antolovich et al., 2000).  

 

Collection of plant samples is followed by crushing, maceration, or drying using 

different drying techniques like air-drying, oven-drying or freeze-drying. Dried samples 

are ground to a defined particle size thus increasing the surface and allowing a better 

contact of the extracting solvent with the sample. Generally, the fruits and vegetables that 

are hard in texture are homogenized with solvent using blender or may be freeze-dried, 

ground and then extracted with solvent (Robbins 2003). 

 

2.9.1. Extraction of antioxidant components from plant materials 
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Extraction techniques are employed taking into account the chemistry and uneven 

distribution of phenolic antioxidants in the plant matrix. Generally, soluble phenolic are 

present in higher concentrations in the outer tissues (epidermal and sub epidermal layers) 

of the fruits, grain than in the inner tissues (mesocarp and pulp) (Antolovich et al., 2000). 

Depending upon the stability and nature of the phenolic compounds different extracting 

solvent/procedures are used for extraction purposes.  

Solvent extraction is more frequently used for isolation of antioxidant compounds. 

Extract yields and antioxidant activities of the plant materials are strongly dependent on 

the nature of extracting solvent due to the presence of different antioxidant compounds of 

differing polarity. Polar solvents are frequently employed for the recovery of polyphenols 

from a plant matrix. More suitable solvents (hot or cold) are aqueous mixtures containing 

ethanol, methanol, acetone, and ethyl acetate.  A number of literature reports have shown 

that methanol, ethanol and ethyl acetate are more efficient for extracting polyphenolic 

components (Singh et al., 2002; Negi et al., 2003; Abdille et al., 2005; Peschel et al., 2006; 

Zia-ur-Rahman 2006; Arabshahi-Delouee and Urooj 2007). Methanol and ethanol have 

been extensively used to extract antioxidant compounds successfully from various plants 

and plant-based foods (fruits, vegetables) such as plum (Chun et al., 2003; Cevallos-Casals 

et al., 2006), strawberry (Olsson et al., 2004), pomegranate (Mirdehgan and Rahemi 2007), 

broccoli (Lin and Chang 2005), rosemary, sage, and sumac (Ozcan 2003), rice bran (Iqbal 

et al., 2005), wheat grain and bran (Cheng et al., 2006), mango seed kernel (Abdalla et al., 

2006), citrus peel (Kang et al., 2006), and many other fruit peels (Okonogi et al., 2006). 

Some studies also depicted the efficacy of ethyl acetate to extract phenolic compounds from 

onion (Shon et al., 2004) and citrus peel (Anagnostopoulou et al., 2006).  

However, a single solvent may not be able to extract maximum phenolic compounds 

from all types of plant materials. Combinations of different solvents or aqueous- organic 

solvents are more efficient in recovering antioxidants than corresponding pure solvents (Li 

et al., 2006). Bonoli et al. (2004) reported that maximum phenolic compounds from barley 

flour were obtained with mixtures of ethanol and acetone. Maximum phenolic compound 

were offered with aqueous methanol from rice bran (Chatha et al., 2006), Morina oleifera 

leaves (Siddhuraju and Becker, 2003). Anwar et al. (2006) extracted antioxidant 
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compounds from various plant materials including rice and wheat bran, oat groats and 

hull, coffee beans, citrus peel, and guava leaves using aqueous methanol.  

 

2.9.2. Hydrolysis aid 

 It is well established that phenolics often exist in bound forms with sugars, amino 

acids and other biological molecules. Bound phenolics exhibit lesser antioxidant properties 

as compared to their respective free forms (Shahidi 1997). Hydrolysis has become an 

accepted practice for the isolation and quantification of bound phenolic compounds. 

During hydrolysis, glycoside forms of flavonoids and other bound phenolic acids are 

converted into their respective aglycones and free forms, respectively. Therefore, 

hydrolysis minimizes interferences in subsequent chromatography and is an aid to 

simplifying chromatographic data (Antolovich 2000). However, hydrolysis other than 

characterization/structure elucidation of phenolic compounds results in reduction of some 

useful information. For example, a sample with a number of O-glucosides of a single 

aglycan or ester of a phenolic acid after hydrolysis will produce only a single HPLC peak. 

 Three different hydrolysis procedures have been frequently adopted i.e. enzymatic, 

alkaline and acid hydrolysis. However, chemical hydrolysis (alkaline and acid hydrolysis) is 

often preferred due to its less selectivity (Gorinstein et al., 2004; Huang et al., 2006).  

Rate of hydrolysis depends on reaction time, temperature, and strength of the acid 

or base used. Usually hydrolysis of flavonoid glycosides requires relatively high 

concentration of mineral acids (1-2 M) or bases under refluxing conditions (Merken and 

Beecher 2000). Frequently used acid and base are HCl and NaOH, respectively. Usually 

basic hydrolysis conditions are employed for the isolation of phenolic compounds from 

fruits and fruit products (Antolovich 2000). Basic hydrolysis (saponification) is carried out 

with aqueous solutions of NaOH (1-4 M). Reaction times are usually varied from 15 min to 

overnight at room temperature. Bonoli et al., (2004) reported that yield of free phenolics 

increased when digestion time for alkaline hydrolysis was prolonged.  Cereals phenols are 

also hydrolyzed using alkalies (Hernanz et al., 2001; Sun et al., 2001). Kim et al. (2006) 

investigated the effect of hydrolysis conditions on the phenolic acid profiles and antioxidant 

activities of wheat bran. Results indicated that alkaline hydrolysable fractions exhibited 
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greater antioxidant activities than acid hydrolysable fractions. However, some 

polymethoxylated flavones, flavanone and 3-hydroxyflavanones are sensitive under basic 

conditions (Antolovich 2000). In such cases acidic conditions are recommended.  

Acid hydrolysis is accomplished by refluxing sample with inorganic acid like HCl in 

an organic solvent (methanol, being the most common) and reaction time varies from 30 

min to 16 hours (Nutttila et al., 2002). Chen et al. (2001) prepared cranberry juice samples 

for HPLC analysis by mixing samples with methanol containing 6 M HCl using a magnetic 

stirrer at 35 
o
C for 16 h. Flavonols were recovered from tomato and tomato-based products 

by refluxing samples using acidified methanol and 1.2 M HCl for 2 h at 90 
o
C (Tokusoglu et 

al., 2003).  Huang et al. (2006) hydrolyzed vegetable samples by incubating with methanol 

and 6 M HCl in a water bath for 2 h.  Prakash et al. (2007) hydrolyzed onion samples with 

1.2 N HCl by refluxing on water bath for 1 h for HPLC analysis. 

Hydrolysis conditions, which result in the optimal breakdown of glycosides, are too 

harsh for some of the other phenolic compounds present in the same plant material. 

Catechins are degraded; myricetin is also partially destroyed (Hakkinen et al., 1998; 

Merken and Beecher, 2000) and cinnamic acid derivatives (p-coumaric, caffeic, and ferulic 

acids) also degraded under hot conditions (Robbins 2003). Nuutila et al. (2002) tried 

different hydrolysis conditions using HCl with varying degrees of temperature (35, and 80 

o
C) and time (2 and 16 h) of the reaction. Result indicated that phenolic compounds were 

successfully hydrolyzed by refluxing at 80 
o
C for 2 hours with 1.2 M HCl in 50% aqueous 

methanol with the addition of ascorbic acid as an antioxidant. In some cases both acidic 

and basic hydrolysis are accomplished subsequently (Cheng et al., 2006; Mattila et al., 

2006)  

 

2.9.3. Measurement of antioxidant activity 

 Natural antioxidant compounds exhibit their antioxidant activity by various 

mechanisms like:; (1) chain breaking by donation of hydrogen atoms or electrons that 

convert free radicals in to more stable species, (2) chelating metal ions which are involved 

in the generation of reactive oxygen species, (3) decomposing lipid peroxides into stable 

final products, and (4) inhibiting the deleterious action of prooxidant enzymes. Due to 
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complexity of the composition of plants and plant based foods, separation of each 

antioxidant compound and studying it individually is rather time consuming and tedious.  

Researchers are searching innovative methods, which can reliably measure the antioxidant 

activity of the foods and other biological systems. However, such methods are yet in the 

development stages.  

 Most commonly used methods for the determination of antioxidant activity of plant 

extracts are: ferric ion reducing antioxidant power (FRAP) assay, total peroxyl radical 

trapping antioxidant parameter (TRAP) or trolox equivalent antioxidant capacity assay 

(TEAC) assay, oxygen absorbance capacity (ORAC) assay, inhibition of peroxidation in 

linoleic acid system, bleaching of β- carotene in linoleic acid system and 2,2-di(4-tert-

octaphenyl)-1-picrylhydrazyl (DPPH
.
) and 2,2‟-azinobis(3-ethylbenzothiazoline-6-sulfonate 

(ABTS
.+

) radical scavenging assays.  

 A number of antioxidant assays have been developed and applied to measure the 

antioxidant activities of the pure compounds, plant extracts, and human plasma. However, 

chemistry behind the each assay is different. For example FRAP assay is based on the 

ability of phenolics to reduce Fe
+3

 to Fe 
+2 

(Pulido et al., 2000). FRAP, initially developed to 

analyze the reducing power of plasma has recently been applied to other samples (Ou et al., 

2002; Agbor et al., 2005; Li et al., 2006). Among methods that have been developed to 

estimate the radical scavenging activity, DPPH
.
 and ABTS

.+
 scavenging assays are the most 

popular and frequently used for the determination of antioxidant activity of fruits, 

vegetables, cereals and other plant materials (Singh et al., 2002; Gracia-Alonso et al., 2004; 

Nenadis et al., 2004; Shon et al., 2004; Oboh 2005; Turkmen et al., 2005; Abas et al., 2006; 

Anagnostopoulou et al., 2006; Lim et al., 2007; Okonogi et al., 2006; Arabshahi-Delouee 

and Urooj 2007).  Both TRAP and ORAC are expressed as Trolox equivalent (Trolox serve 

as standard antioxidant). Originally, both of the methods were designed to determine the 

antioxidant status in the biological systems. Later on, both of these assays, especially the 

ORAC protocol has gained wide attention to test phenolic antioxidants in food samples, 

including tea, vegetables and fruits, and other plant materials (Gorinstein et al., 2001; 

Moyer et al., 2002; Al-Farsi et al.,  2005; Zhou and Yu 2005; Silva et al., 2006; Surveswaran 
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et al., 2006; Iqbal et al., 2007). Aaby et al. (2004) reported the antioxidant activity of 17 

flavonoids and three cinnamic acid derivatives using FRAP and ORAC assays.  

Bleaching β- carotene in linoleic acid system can also be used for the evaluation of 

antioxidant activity of fruits, vegetables, and other plant materials (Gorinstein et al., 2004; 

Abdille et al., 2005; Karadeniz et al., 2005; Tepe et al., 2005; Kang et al., 2006). 

Measurement of inhibition of peroxidation in linoleic acid system is also an effective 

method for the assessment of antioxidant activity of the plant samples (Siddhuraju et al., 

2002; Siddhuraju and Becker 2003; Mathew and Abraham 2006). 

Extracts of fruits, vegetables, cereals and their byproducts, such as the cereal hulls, bran, 

fruit peels etc. have exhibited effective antioxidant activity in model systems. Sun and Ho   

(2005) reported the antioxidant activities of buckwheat (Fagopyrum esculentum Moench) 

extracts and compared with butylatedhydroxy anisole (BHA), butylatedhydroxy toluene (BHT) 

and ter-butylhydroquinone (TBHQ) using a β-carotene bleaching assay, α-2, 2-diphenyl-β-

picrylhydrazyl (DPPH) assay and the Rancimat method. Siddhuraju and Becker (2003) evaluated 

the antioxidant activity of Moringa oleifera leaves using different antioxidant assays including 

DPPH
. 
radical scavenging, inhibition of linoleic acid peroxidation, and β-carotene-linoleic acid 

system, and also by measuring reducing power. Mathew and Abraham (2006) measured the 

antioxidant activity of cinnamon bark extracts (CBE) using 8 different antioxidant assays. 

Results indicated that bark extract exhibiting good reducing power were also found to be potent 

in free radical scavenging activity, especially against DPPH radical and ABTS radical cations. 

The hydroxyl (
.
OH) and superoxide (O2

.-
) were also scavenged by the tested extracts. The 

peroxidation inhibiting activity of CBE in linoleic acid system was also very good. 

It has been suggested that antioxidant activity of the plant materials can be mainly 

ascribed to the presence of phenolic compounds (Heim et al., 2002). There are certain limitations 

(i.e. diversity of phenolic structure and lack of commercial standards) for the quantification of 

phenolic compounds using HPLC with phosphodiode array detection (PDA). The determination 

of total phenolic contents using Folin-Ciocalteu reagent and spectrophotometric method is an 

effective way to determine phenolic concentration of a specific plant material (Huang et al., 

2005). Magalhaes et al. (2006) developed an automatic flow procedure based on multi-syringe 

flow injection for the assessment of Folin–Ciocalteu reagent (FCR) reducing capacity. The 
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application of the proposed method provided results similar to those obtained by conventional 

method.  Kim et al. (2006) extracted four different types of wheat bran and analyzed for phenolic 

acids using the Folin–Ciocalteu method and HPLC. The extracts and their hydrolysis products 

were also evaluated for their antioxidant activities.  

Karadeniz et al. (2005) determined the antioxidant activities of different fruits (apple, 

quince, grape, pear and pomegranate) and vegetables (potato, onion, spring onion, red radish and 

red cabbage). In addition, total phenolic and flavonoid contents of these samples were also 

assessed. Among fruits, pomegranate had the highest antioxidant activity, followed by quince, 

grape, apple, and pear. Total phenolic and flavonoid contents in fruits varied from 326 to 4306 

and 282 to 2115 mg of catechin kg
-1

, respectively. Total phenolic and flavonoid contents in 

vegetables ranged from 536 to 2166 and 153 and 842 mg of catechin kg
-1

, respectively. A highly 

significant correlation between antioxidant activity and total phenolic contents was determined in 

fruits (r
2
 = 0.9307, P < 0.01) and vegetables (r

2
 = 0.9361 P < 0.05). However, flavonoid contents 

were not significantly correlated with antioxidant activity in vegetables, while it was 

significantly related in fruits (r2 = 0.8316, P < 0.01). It was observed that total phenolic contents 

are the major contributor to the antioxidant activity of fruits and vegetables. 

 

2.10. Chromatographic techniques involved for qualitative and quantitative analysis of phenolic 

antioxidants 

Over the time, much attention has been paid towards developing analytical methods 

for separation and quantification of phenolic compounds in various plant materials. For 

this purposes, an ancient technique involving the use of paper chromatography (1950s and 

1960s), was later replaced by thin layer chromatography (TLC) (1970s), providing an 

inexpensive and useful tool for the simultaneous analysis of several samples (Azar et al., 

1987; Agbor-Egbe and Rickard 1990).  Although less used in the analysis of foods, TLC is 

still commonly used for the determination of phenolic acids in plant materials (Ellnian-

Wojtaszek 1997; Bylak and Matlawska 2001; Anagnostopoulou et al., 2006). The 

advantages of screening the sample extract by TLC, prior to HPLC analysis, are the 

detection and removal of contaminants that may absorb on the stationary phase in the 

HPLC column, or the determination of solvent conditions necessary for a successful 
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separation of phenolic compounds (Fernandez de Simon et al., 1990; Lee and Widmer 

1996). However, the main disadvantages of TLC are limited quantification aspects (Cai and 

Arntfield 2001).  

 

2.10.1. Gas chromatographic (GC) analysis of phenolic compounds 

 GC has been applied for the analysis of phenolic compounds in fruits (Moller and 

Herrmann 1983; Schuster and Herrmann 1985) and vegetables (Huang et al., 1986). It 

provides sufficient separating capacity and good peak identification power. However, GC 

has limited use for the identification of phenolic compounds, as analytes require 

derivatization prior to analysis. Generally, phenlic compounds are derivatized to their 

trimethylsilyl ethers, due to ease of reaction and formation of unwanted side products. 

Although there exist a great variety of commercially available silylating reagents, the most 

common employed for derivatization of phenolic acids are trimethylchlorosilane (TMCS), 

N, O-bis-(trimethylsilyl) acetamide (BSA), N-methyl-N-(trimethylsilyl) trifluoroacetamide 

(MSTFA), and N,O-bis-(trimethylsilyl) trifluoroacetamide (BSTFA). In general, the 

derivatization reaction involves the dissolution of the dried plant extract in a base (mainly 

pyridine or ethylamine) and the TMS delivery reagent followed by heating the reaction 

mixture for 20-60 min (Chu et al.,  2001; Van Beek 2002; Deng and Zito 2003; Biedermann 

and Grob 2006). 

 Advantages of GC analysis include an improved separation of closely related 

isomers (like; cis- and trans-sinapic and ferulic acids). The detection of phenolic 

compounds separated by GC has been generally accompanied using flame ionization 

detector (FID). Recently gas chromatography coupled with mass spectrometry (GC-MS), 

offering valuable information about mass fragmentation pattern has become a more 

definitive identification tool for the quantification of phenolic compounds.  

Kartal et al.  (2002) characterized phenolic compounds from propolis using GC-MS. 

Twenty four compounds were identified and eight of them were new.  Zuo et al. (2002) 

reported GC-MS method for separation and characterization of cranberry phenolic acids 

as their trimethylsily derivatives. Fifteen benzoic and phenolic acids (benzoic, o-

hydroxybenzoic, m-hydroxybenzoic, p- hydroxybenzoic, cinnamic, p- hydroxyphenyl acetic, 
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phthalic, 2,3-dihydroxybenzoic, vanillic, o-hydroxycinnamic,   2,4-dihydroxybenzoic,   p-

coumaric, ferulic, and sinapic acids) were identified in cranberry fruit in their free and 

bound forms on the basis of GC retention times and simultaneously recorded mass spectra. 

Athanasios et al.  (2007) developed a simple and fast method for the TMS 

derivatization of phenolic acids in a close dial using microwave irradiation followed by GC-

MS analysis. No significant differences were found between the classical heating and 

microwave-assisted derivatization. Chromatographic separation of the nine phenolic acids 

examined was achieved in 16 min.  

Proestos et al.  (2006) reported the GC-MS identification of silyl derivatives of 

phenolic compounds from different aromatic compounds.  Derivatization process was 

optimized against reagents, temperature, and reaction time. A large excess of N,O-bis-

(trimethylsilyl)trifluoroacetamide (BSTFA) containing trimethylchlorosilane (TMCS) 

proved to be the best derivatizing reagent to convert analyte into volatile trimethylsilyl 

derivatives.  

Plessi et al. (2006) reported the identification of different phenolic acids in the 

extracts of balsamic vinegar using GC-MS method after derivatization with N,O-bis-

(trimethylsilyl)trifluoroacetamide (BSTFA). The developed procedure allowed the 

identification of nine phenolic acids including p- hydroxybenzoic, vanillic, syringic, and 

protocatechuic,  p-coumaric, ferulic, sinapic, caffeic acid, and gallic acids. 

 

2.10.2. HPLC determination of phenolic compounds 

During the last two decades, HPLC with reverse phase (RP) column technology has 

been extensively used for the separation and characterization of phenolic compounds. 

Particular advantages of HPLC analysis are high-resolution capacity and relative 

simplicity.   

Table 2.2 lists representative examples of the methods devised and columns 

employed in RP-HPLC separations of phenolic compounds. It is clear from the table that 

uniformity exists in the choice of column showing that better separation of phenolic could 

be achieved using reversed phase column of length 250 mm, internal diameter 4.6 mm. 

Particle size in most of the studies was 5 μm, except the investigation of Franke et al.  
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(2004), who reported working with particle size 4 μm.   Most investigations did not explain 

the choice of the column, however, Guillen et al.  (1996) and Hakkinen et al.  (1998) 

investigated the comparison of the efficacy of five and three different columns, respectively. 

Great diversity was present in the percent compositions of solvent system, but the type of 

the solvent was rather same. Gradient elution was preferred over isocratic in most of the 

cases.  

Usually, aqueous phase (solvent A) and an organic phase (solvent B) were involved 

in linear gradients. Most frequently used organic solvents were methanol and acetonitrile. 

In some investigations, the mobile phase (A and B) consisted of mixtures of the organic and 

aqueous solvents. Chandra and DE Mejia (2004) reported solvent A as 

water/methanol/formic acid, (79.7/20/0.3) and solvent B as methanol/formic acid (99.7/0.3). 

Franke et al.  (2004) described organic phases consisted of methanol, acetonitrile, and 

dichloromethane. In few methods, mobile phases contained buffers such as phosphate 

buffer (Tokusoglu et al.,  2003) and different salt solutions like 5 mM citric acid, 5 mM 

sodium dihydrogen orthophosphate, 0.3 mM caprylic acid (Gorinstein et al.,  2004). Three 

mobile phases were also used in few cases (Proestos et al., 2006).  

Generally, an acid (acetic acid, triflouroacetic acid, perchloric acid, phosphoric acid 

or hydrochloric acid) was added to aqueous phase (solvent A) to improve separation of 

phenolic compounds. Acetic and trifluoroacetic acids were frequently used as acidic 

additive (modifier). However, some reports recommended the addition of acid to the 

alcoholic solvent as well (Dragovic-Uzelac et al., 2007; Huang et al., 2006).  

 

2.10.2. 1. Detection of phenolic compounds 

Most of the phenolic compounds absorbs in the visible region. In fact not a single 

wavelength can be used for the isolation of all classes of phenolic compounds. Most of the 

benzoic acid derivatives have their absorbance maxima in the range of 200-290 nm 

(Sharma et al., 2005). The only exception is gentisic acid, which has absorbance maxima 

extending to 355 nm. On the other hand λmax for cinnamic acid derivatives extend to the 

range of 270-360 nm due to additional conjugation. However, detection at 280 nm is the 

best alternative for the determination of phenolics of both of the classes (Klimczak et al., 
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2007; Huang et al.,  2006; Proestos et al.,  2006). The absorption range 350-370 nm has been 

widely used for flavonoids (Robbins 2003; Surveswaran et al., 2007). Therefore, photodiode 

array (PDA) detector is often used for the detection of phenolic compounds due to its 

ability to collect on line spectra without using stopped-flow techniques.  PDA has three 

major advantages: multiple wavelength detection, peak identification, and peak purity. 

Other less commonly used detection means coupled to HPLC are electrochemical (EC) and 

fluorescence.  

HPLC has been successfully used for the identification of phenolic compounds from 

a variety of materials like, fruits and vegetables (Dragovic-Uzelac et al.,  2007;  Haung et 

al., 2006; Klimczak et al.,  2007; Vrchovska et al.,  2006), grains (Cheng et al.,  2006), leaves 

(Andreotti et al., 2006; Chen and Yen 2007), wine and bear (Proestos et al., 2007), seeds and 

seed oils (Rojas et al.,  2005; De Marco et al., 2007).  

Tokusoglu et al.  (2003) characterized three flavonols namely quercetin, kaempferol, 

and myricetin in tomatoes and tomato based products using RP-HPLC with UV detection. 

The total flavonol aglycon contents of different varieties of tomato varied from 3.1 to 10.0 

mg kg
-1

 of fresh weight. While, tomato juice and tomato salsa  were rich in total flavonols, 

containing 19.8 mg L
-1

 and 10.5 to 13.2 mg kg
-1

, respectively.   

Sidduraju and Becker (2003) investigated the antioxidant activity of Moringa 

oleifera leaves using different in-vitro model system and also quantified phenolic 

compounds using HPLC with UV detection. Quercetin and kaempferol contents ranged 

from 634- 2749 and 105 -647 mg 100g
-1

 of dry matter, respectively. Prakash et al.  (2007) 

analyzed gallic acid, ferulic acid, protocatechuic acid, quercetin, and kaempferol in 

different varieties of onions of varying colors.  

Wang et al.  (2007) determined the levels of bioactive compounds in the edible 

portions of eight varieties of citrus fruit cultivated in Taiwan. According to the results of 

this study, the amounts of total phenolics and total flavonoids exceeded that of total 

carotenoids. Hesparidine, kaemferol and chlorogenic were the major flavanone, flavonol 

and phenolic acid, respectively.   

Chen and Zou (2007) identified two flavonol glycosides, quercetin galactoside and 

quercetin arabinoside in American cranberry fruit. The analytical processes included the 



 45 

separation, hydrolysis and structure elucidation of flavonol glycosides. The separation of 

flavonol glycosides was carried out by solvent extraction, thin-layer chromatography (TLC) and 

high performance liquid chromatography (HPLC). After hydrolysis of the obtained flavonol 

glycosides, flavonol aglycones and sugars were identified by HPLC and gas chromatography–

mass spectrometry (GC–MS), respectively. 
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Table 2.2. High performance liquid chromatographic (HPLC) determination of phenolic 

compounds in plant sources 
 

Compounds Plant 

sample/material 

Column Solvent system Detection Reference 

Phenolic acids 

Flavonoids 

 

Cranberry juice 150 × 4.6 mm, 

5μm 

A: 3 % acetic acid in water 

B: methanol 

PDA 280, 360 nm Chen et al.  

(2001) 

Catechin 

 

 

Tea 250× 4.5 mm, 5μm  

Alltech adsorbosil 

C18 

A: 3 % acetic acid in water 

B: metanol 

PDA 280, 360 nm Zuo et al.  (2002) 

Hydroxycinnamic 

acids 

Flavonoids 

 

Onion and spinach 150× 3.9 mm, 5nm 

Waters symmetry 

C18 

Methanol in water with 300 nl 

L
-1

 trifluoroacetic acid.  

 

Dual wavelength 

absorbance 

detector 280, 340 

nm 

Nuutila et al.  

(2002) 

Flavonols Tomato paste and 

tomato based 

products 

250 × 4.6 mm, 5 

μm 

Hypersil ODS 

Acetinitrile- pH 2.4 phosphate 

buffer (25:75 v/v) 

Waters 486 

tunable 

absorbance 

detector 266 nm 

Tokusoglu et al.  

(2003) 

Hydroxycinnamic 

acids 

Hydroxybenzoic 

acids 

Flavonol glycosides 

 

Pear leaves 250 × 4 mm, 5 μm 

Hypersil ODS 

A: 5% formic acid in water 

B: methanol 

 

PDA 280, 640 nm Andreotti et al.  

(2006) 

Hydroxycinnamic 

acids 

Flavonol glycosides 

 

Apricot fruit 250 × 4.6 mm, 5 

μm 

Pinnacle-II C18 

A: 3% acetic acid in water 

B: water/acetonitrile/acetic 

acid (73:25:2, v/v/v).  

PDA 278 nm Dragovic-Uzelac 

et al. (2006) 

Phenolic acids 

Flavonoids 

Cabbage 250 × 4.6 mm, 5 

μm 

Spherisorb ODS2 

A: 5 % formic acid 

B: methanol.  

PDA 330 nm Vrchovska et al.  

2006 

 

 

Phenolic acids 

Flavonoids 

African 

Americans 

vegetables 

150 × 4.6 mm 

Alltech Prevail C-18 

A: 0.05 % aqueous acetic acid 

B: 0.05 % acetic acid in 80% 

acetonitrile + 20 % methanol 

UV-vis, 280 nm  Huang et al.  

2006 

Phenolic acids 

Flavanones 

 

Orange juice 150 × 3.9 mm, 5 μm 

Symmetry C-18 

A: acetonitrile 

B: trifluoroacetic acid pH 2.5 

PDA 280 nm Klimczak et al.  

et al.  2006 

Phenolic acids Jaffa sweeties and 

white grape fruit 

250 × 4.6 mm, 

Spherisorb ODS 

A: 5 mM citric acid+5 mM 

sodium dihydrogen 

orthophosphate + 0.3 mM 

caprylic acid  

B: 80 % methanol 

Multichannel 

detector 260, 300 

nm 

Gorinstein et al.  

2004 

 Flavanones, 

flavones and 

Different fruits 

and vegetables 

300 × 3.9 mm, 4 μm 

NovaPak C18 

A: 10 % aqueous acetic acid 

B:methanol/acetonitrile/dichlo

PDA 

280, 370 nm 

Franke et al.  

2004  
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flavonols 

 

romethane (10:5:1; v/v/v)  

Phenolic acids Rice 150 × 4.6 mm, 5 μm 

Cosmosil 5C18   

A: acetonitrile 

B: 0.1 % triflouroacetic acid 

PDA 

280, 325 nm 

Tian et al.  2004 

Phenolic cmpounds Indian medicinal 

plants 

250 × 4 mm, 5 μm 

Nucleosil 100-5 C18 

A: 2.5 % formic acid 

B: methanol 

PDA 

280, 320, 420, 520 

nm 

Surveswaran et 

al.  2006 

Favonoids Citrus fruit 250 × 4 mm, 5 μm 

LiChrospher 

A: 2 % acetic acid 

B: 0.5 % acetic acid-

acetonitrile (50:50     

     v/v) 

UV 

280, 340 nm 

Wang et al.  2007 

Phenolic 

compounds 

Green tea 250 × 4 mm, 5 μm 

Phenomenex 

Prodigy ODS 

A: water/methanol/formaic 

acid,  

     79.7/20/0.3) 

B; methanol/formic 

acid(99.7/0.3) 

PDA 

260, 280, 330, 360 

nm 

Chandra and 

Gonzalez DE 

Mejia, 2004 
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Chapter-3 

MATERIALS AND METHODS 

 

The research work presented in this dissertation was conducted in the laboratories 

of Department of Chemistry and Biochemistry, University of Agriculture, Faisalabad, 

Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, and National Center of 

Excellence in Analytical Chemistry (NCEA), University of Sindh, Jamshoro, Pakistan.    

3.1. Collection of samples 

A total of 30 plant materials were assayed from different regions of Pakistan. 

For convenience, the plant materials were classified into four groups as vegetables, 

fruits, medicinal plant, and agriculture wastes. Vegetables (peas, carrot, spinach, 

cauliflower, cabbage, turnip, and onion) and fruits (apple, strawberry, mulberry, 

apricot, and plum) were obtained from open market of Faisalabad. Medicinal plants 

organs (barks of neem, arjun, kiker, and jaman, M.oleifera leaves, M.oleifera roots, 

and alovera leaves were collected from the vicinity of University of Agriculture, 

Faisalabad, Pakistan. Wheat bran was obtained from Ayub Agriculture Research 

Institute (AARI), Faisalabad, Pakistan and rice bran from Ahmed Rice Mill, 

Chiniot, Pakistan. Other agriculture wastes (citrus peel, pomegranate peel, apple 

peel, wheat husk, rice hull, and corncob) were obtained from the local industrial, 

agricultural and fruit market sources of Faisalabad, Pakistan. Samples of refined-

bleached-deodorized (RBD) corn oil and sunflower oil, without any additives, were 

procured from Rafhan Maize Products, Faisalabad, Pakistan.  The varieties of each 

plant material were made sure, further identified and authenticated by Professor 

Dr. Muhammad Ashraf, Professor of Botany and Dean Faculty of Basic Sciences, 

University of Agriculture, Faisalabad, Pakistan. The description (scientific name/ 

species, common name/family, and parts used) of the plant materials employed in 

the present study are given in table 3.3. 
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3.2. Description of the analytical instruments used throughout the      

       research work 

 

3.2.1. Spectrophotometer (U-2001, Hitachi Instruments Inc. Tokyo, Japan)  

3.2.2. Commercial blender (TSK-949, Westpoint, France) 

3.2.3. Hot air oven (IM-30, Irmeco, Germany) 

3.2.4. Orbital shaker (Gallenkamp, UK)  

3.2.5. Rotary vacuum evaporator (EYELA, N-N Series, Rikakikai Co. Ltd. Tokyo, 

Japan) 

3.2.6. HPLC (LC-10A (Shimadzu, Japan) 

3.2.7. GC-MS (Agilent-Technologies (Little Falls, California, USA)) 

 

 

3.3. Reagents and standards 

 Analytical grade, Merck, Sigma and Fluka brand chemicals and reagents were 

used throughout the experimental work. 1, 1,-diphenyl-2-picrylhydrazyl radical 

(DPPH
.
)(Sigma, 90.0 %), linoleic acid, β -carotene, food grade synthetic antioxidant 

butylated hydroxytoluene (BHT) (99.0 %), Folin-Ciocalteu reagent (2 N) and standards 

of phenolic acids (p-coumaric acid, vanillic acid, caffeic acid, sinnapic acid, ferulic acid,  

and gallic acid)  and flavonoids (kampeferol, quercetin, myricetin) were purchased from 

Sigma Chemicals Co (St, Louis, MO, USA). All other chemicals (analytical grade) i.e. 

anhydrous sodium carbonate, sodium hydroxide, sodium nitrite, ferrous chloride, 

ammonium thiocyanate, aluminum chloride, potassium dihydrogen phosphate, 

dipotassium hydrogen phosphate, iso-octane, chloroform, acetic acid, potassium iodide, 

and sodium thiosulphate used in this study were purchased from Merck (Darmstadt, 

Germany), unless stated otherwise. 

 

 

 

 

 

3.4. Experimental protocol 
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Part I 

 

3.4.1. Effect of drying on the antioxidant activity of different plant  

          materials 

Effects of drying methods (employed for drying the plant materials prior to 

extraction) on the antioxidant activity of the plant materials were investigated. 

Selected fruits (apple, strawberry, mulberry, plum, and apricot) and vegetables 

(peas, carrot, spinach, cauliflower, cabbage, turnip, onion, and garlic) were washed 

with tap water and then dried with paper towel. Edible parts of all fruits and 

vegetables were cut into small pieces (approx. 2 mm ×1 cm), using a sharp knife and 

then subjected to different drying processes i.e. ambient drying (average 

temperature  30 
o
C) and oven drying (at 80 

o
C)  

 

Part II 

 

3.4.2. Effect of extraction medium/technique on the antioxidant activity    

         of plant materials 

 

3.4.2.1. Extracting solvents systems 

The samples were ground into a fine powder using a commercial blender (TSK-

949, Westpoint, France). The material that passed through 80-mesh sieve was used for 

extraction purposes. Four different solvents systems i.e. 100% ethanol, 100% 

methanol, 80% ethanol (ethanol: water, 80:20 v/v), and 80% methanol 

(methanol:water, 80:20 v/v) were employed in order to evaluate the effects of 

extraction media on yield and antioxidant activity of the plant extracts 

 

 

 

3.4.2.2. Extraction techniques 

For evaluation of the efficacy of the extraction methods towards obtaining 

optimum extract yield with efficient recovery of antioxidants, two different extraction 

techniques were employed for the extraction of plants materials. All the solvents media 

mentioned in section 3.4.2.1 were tried separately in each extraction technique.  
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3.4.2.2a. Extraction by orbital shaker 

The ground plant material (20 g for each sample) was extracted with 200 mL of 

each of the solvent for 6 hours at room temperature in an orbital shaker (Gallenkamp, 

UK).  The extracts ware separated from the residues by filtering through Whatman No. 

1 filter paper. The residues were extracted twice with the same fresh solvent and 

extracts combined. The combined extracts were concentrated and freed of solvent 

under reduced pressure at 45 °C, using a rotary evaporator (EYELA, SB-651, 

Rikakikai Co. Ltd. Tokyo, Japan). The dried, crude concentrated extracts were 

weighed to calculate the yield and stored in a refrigerator (- 4 
o
C), until used for 

analyses.        

 

3.4.2.2b. Extraction under reflux 
The ground plant material (20 g for each sample) was extracted with 200 mL of 

each of the solvent under reflux on water bath for 6 hours. The extracts were separated 

from the residues by filtering through Whatman No. 1 filter paper. The residues were 

extracted twice with the fresh solvent and extracts combined. The combined extracts 

were then concentrated and freed of solvent under reduced pressure at 45 °C, using a 

rotary evaporator (EYELA, SB-651, Rikakikai Co. Ltd. Tokyo, Japan). The dried, 

crude concentrated extracts were weighed to calculate the yield and stored in a 

refrigerator (- 4 
o
C), until used for analyses.        

 

 

 

 

 

 

 

Part III 

3.4.3. Effect of different cooking methods on the antioxidant activity of 

selected material (vegetables) 
3.4.3.1. Sample pretreatment 

One kilogram of each vegetable (peas, carrot, spinach, cauliflower, cabbage, and 

turnip) was washed with tap water after removing manually inedible parts with a sharp 

steel knife, cut into almost equal small pieces or slices, and then mixed well. The 

processed samples were divided into four parts (200 g each) and subjected to different 
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cooking processes (boiling, microwave cooking, frying), keeping one portion as control 

(uncooked). Cooking conditions were determined with a preliminary experiment for each 

vegetable tested.  

 

3.4.3. 2. Boiling 

Each vegetable sample (200 g) was added to 300 mL of water that had just 

reached to boiling in a stainless steel pan and boiled for 5 min. After boiling the 

vegetables, the excessive water was drained off. 

3.4.3.3. Microwave cooking 

Each vegetable sample (200 g) was placed in a glass dish and 12 mL (16 mL for 

cabbage and cauliflower) of distilled water was added. All the dishes were covered with 

aluminum foil having several holes and cooked by using domestic microwave oven at a 

frequency of 2450 MHz (medium power setting, capable of generating 500 W). Cooking 

took 5 min for spinach, cabbage, cauliflower and 8 min for peas, carrot and turnip. 

Excessive water was drained off. 

3.4.3.4. Frying 

Two tablespoons of season sunflower oil was heated in a stainless steel pan and 

each vegetable sample (200 g) was fried for 5 min. The samples were cooled under fan 

and washed thrice with hexane to remove oil. Samples were subjected to air-drying under 

fan to evaporate any traces of hexane. 

 

3.4.3.5. Dry matter determination 

Owing to varying water contents of vegetables, all calculations were made on dry 

mass basis. For the determination of dry matter, 5-6 g of raw and cooked/processed 

homogenized vegetable samples (as triplicate) were dried in an electric vacuum drying 

oven at 70 
o
C, until a constant weight was achieved. 

 

3.5. Evaluation of antioxidant activity of plant materials/extracts 

Following antioxidant assays were employed for the determination of antioxidant 

activity of various plant materials/extracts used in different parts of the present study. 
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3.5.1.  Determination of total phenolics content (TPC)  
 Amount of TP were assessed using Folin-Ciocalteu reagent (Chaovanalikit 

and Wrolstad 2004). Briefly, 50 mg of crude extract was mixed with 0.5 mL of Folin-

Ciocalteu reagent and 7.5 mL deionized water. The mixture was kept at room 

temperature for 10 min, and then 1.5 mL of 20% sodium carbonate (w/v) added. 

The mixture was heated in a water bath at 40 
o
C for 20 min and then cooled in an 

ice bath; absorbance was measured at 755 nm using a spectrophotometer (U-2001, 

Hitachi Instruments Inc., Tokyo, Japan). Amounts of TP were calculated using 

gallic acid calibration curve within range of 10-100 ppm (R
2
 = 0.9986). The results 

were expressed as gallic acid equivalents (GAE) g/100gm of dry plant matter. All 

samples were analyzed thrice and results averaged.  The results are reported on dry 

weight basis. 

 

3.5.2. Determination of total flavonoid contents (TFC)  

The TFC were measured by a spectrophotometric method following a previously 

reported method (Dewanto et al., 2002). Briefly, plant extract of each material (1mL 

containing 0.1mg/ml) was diluted with 4 ml water in a 10 mL volumetric flask. Initially, 

0.3 mL of 5% NaNO2 was added to each volumetric flask; at 5 min, 0.3 mL of 10% AlCl3 

was added; at 6min, 2mL of 1.0 M NaOH was added. Water (2.4 mL) was then added to 

the reaction flask and mixed well. Absorbance of the reaction mixture was measured at 

510 nm. TFC were determined as catechin equivalents (g/100g of dry plant matter). 

Three readings were taken for each sample and results were averaged. 

 

3.5.3. DPPH
.
 scavenging assay  

 1, 1
’
–diphenyl–2-picrylhydrazyl (DPPH) free radical scavenging activity of was 

assessed using procedure reported earlier (Iqbal et al., 2005). Briefly, to 1.0 mL of 

extract containing 25 μg/mL of dry matter in methanol, 5.0 mL of freshly prepared 

solution of DPPH at concentration 0.025 g/L was added. Absorbance at 0, 0.5, 1, 2, 5 

and 10 min was measured at 515 nm using a spectrophotometer. The remaining 

amounts of DPPH radical (DPPH
.
) was calculated from calibration curve. Absorbance 
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measured at 5th minute was used for comparison of radical scavenging activity of the 

extracts.   

 

3.5.4. Determination of antioxidant activity in linoleic acid system 

 The antioxidant activity of the tested plant materials was also determined by 

measuring the oxidation of linoleic acid (Iqbal et al., 2005). 5 mg of each plant extract 

was added separately to a solution of linoleic acid (0.13 mL), 99.8% ethanol (10 mL) and 

10 mL of 0.2 M sodium phosphate buffer (pH 7). The mixture was made up to 25 mL 

with distilled water and incubated at 40 
o
C up to 360 hours. Extent of oxidation was 

measured by peroxide value applying thiocyanate method as described by Yen et al. 

(2000). Briefly, 10 mL of ethanol (75% v/v), 0.2 mL of aqueous solution of ammonium 

thiocyanate (30% w/v), 0.2 mL of sample solution and 0.2 mL of ferrous chloride (FeCl2) 

solution (20 mM in 3.5% HCl; v/v) added sequentially. After 3 min of stirring, the 

absorption was measured at 500 nm using a spectrophotometer (U-2001, Hitachi 

Instruments Inc., Tokyo, Japan). A control contained all reagents with exception of 

extracts. Synthetic antioxidants butylated hydroxytoluene (BHT) was used as positive 

control. Percent of inhibition of linoleic acid oxidation were calculated with the following 

equation: 100 – [(Abs. increase of sample at 360 h / Abs. increase of control at 360 h)  

100], to express antioxidant activity. 

 

3.5.5. Determination of reducing power 

        The reducing power of the plant materials investigated was determined according to 

the procedure described by Yen et al. (2000), with modification.  Concentrated extract 

(2.5-10.0 mg) was mixed with sodium phosphate buffer (5.0 mL, 0.2 M, pH 6.6) and 

potassium ferricyanide (5.0 mL, 1.0%); the mixture was incubated at 50 
o
C for 20 min. 

Then 5 mL of 10% trichloroacetic acid was added and the mixture centrifuged at 980 g 

for 10 min at 5 °C in a refrigerated centrifuge (CHM-17; Kokusan Denki, Tokyo, Japan). 

The upper layer of the solution (5.0 mL) was decanted and diluted with 5.0 mL of 

distilled water and ferric chloride (1.0 mL, 0.1%), and absorbance read at 700 nm using 

spectrophotometer (U-2001, Hitachi Instruments Inc., Tokyo, Japan). All samples were 

analyzed thrice and results averaged. 
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Part IV 

3.6. HPLC analysis of phenolic compounds (phenolic acids and    

       flavonols) in plant materials 

High performance liquid chromatographic (HPLC) approach was used for the 

separation and quantification of phenolic acids (vanillic, syringic, p-coumaric, ferulic, 

sinapic, caffeic, and gallic acid and flavonols (myricetin, quericetin, and kaempferol) 

from different fruits, vegetables and other plant materials. 

 

3.6.1. Extraction/hydrolysis 

Extraction/hydrolysis of phenolic acids and flavonols was carried out using 

reported method of Tokusoglu et al. (2003). Briefly acidified methanol (25 mL) 

containing 1 % (v/v) HCl and 0.5 mg /mL TBHQ was added to each plant extract (5 g).  

HCl (1.2 M, 5 mL) was added and the mixture was stirred at 90 
o
C under reflux for 2 

hours to obtain aglycons of flavonol glycosides and bound phenolic acids into free forms. 

The extract was cooled to room temperature and centrifuged at 5000 rpm for 10 min. 

Upper layers were taken and sonicated for 5 min to remove any air present. The final 

extracts were filtered through a 0.45-μm (Millipore) before injecting into HPLC. Phenolic 

acids and flavonols were separated and quantified using following HPLC conditions. 

 

Table 3.1.    HPLC Conditions for the analysis of phenolic compounds 

                                        Phenolic compounds 

            Phenolic acids                Flavonols 

 

CCoolluummnn   HHyyppeerrssiill--OODDSS  ((225500  mmmm  ××  44..66  mmmm  

II..dd..,,  55--μμ  mm))  

 

          HHyyppeerrssiill--OODDSS  ((225500  mmmm  ××  44..66        

          mmmm;;  ii..dd..,,  55--μμ  mm)) 

MMoobbiillee  pphhaassee [A: H2O containing 0.02% 

Triflouroaceticacid,  B: MeOH 

containing 0.02% triflouroacetic 

        [[AA::  33%%  aaqq..  TTrriifflloouurrooaacceettiicc    aacciidd,,      

        BB::  AAcceettoonniittrriillee::  MMeeOOHH  ((8800::  2200      

        vv//vv))]]  

        ((iissooccrraattiicc  eelluuttiioonn)),,  FFllooww  rraattee::      

        11..00  mmLL  //mmiinn  
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acid (v/v)] 

(isocratic elution), flow rate: 0.5 

mL /min 

 

 

DDeetteeccttoorr UV (280 nm) 

 

    UUVV  ((336600  nnmm)) 

 

 

 

 

 

 

 

 

 

Part V 

3.7. Separation and quantification of phenolic compounds using gas   

       chromatography-mass spectrometry (GC-MS) 

 

3.7.1. Sample preparation for gas chromatography-mass spectrometry (GC-MS) 

analysis 

Extraction/hydrolysis and derivatization of phenolic acids and flavonols was 

carried out using reported method of Tokusoglu et al. (2003). Briefly, acid hydrolysates 

prepared for HPLC analysis were further extracted with ethyl acetate (1:1, v/v). The 

ethylacetate extracted fraction was treated with 0.5 M NaHCO3 (1:1, v/v) three times. The 

ethylacetate extract was evaporated to dryness under flow of nitrogen and the phenolic 

compounds were re-dissolved in ethylacetate. This solution was dried with Na2SO4 for 5 

min. The dried solution (400 µL) was transferred to a vial, 100 µL bis(trimethylsilyl) 
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trifluoroacetamide (BSTFA) +1% trimethychlorosilane (TMCS) was added, and the vial 

was heated at 70 
o
C for 15 min. Then phenolic compounds were separated and quantified 

by GC-MS employing the following conditions. 

 

Table 3.2    GC-MS conditions for the analysis of phenolic compounds 

Column   HP-5MS, fused silica capillary column 

  (30m x 0.25 mm, 0.25 µm) 

Injecter   Auto injector, injection volume 1µL, split mode (split 

rati1:100), temp. 280 
o
C 

Column oven programme  Initial temp. 80 
o
C,  hold up 2 min, 80-120 (ramp rate 5 

°C/min) , 120-275 
o
C (ramp rate 8 

o
C/min), hold up 10 min 

  Carrier gas He, flow rate 1.5 mL/min 

GC-MS detection MS transfer line temp. 290 
o
C. Electron impact  ionization, 

Scanning range, 50-550 m/z @ 1.5 scan/sec 

 

 

Part VI 

3.8. Evaluation of antioxidant potential of different agro waste extracts 

       for preservation of vegetable oils under accelerated and ambient 

storage  

        

After preliminary assessment of antioxidant activity and quantification of 

phenolic compounds in different agro wastes, effectiveness of their extracts towards 

stabilization and preservation of vegetable oils, against oxidation, was also examined. 

The magnitude of oxidative alterations in the stabilized oils was followed by the 

measurement of conjugated dienes, conjugated trienes, peroxide and para-anisidine 

values. 

3.8.1. Stabilization of oil 
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The crude concentrated methanolic extracts of each agro waste material (wheat 

bran, rice bran, rice hull, wheat husk,  corncob, peels of banana, citrus, pomegranate, and 

apple) were separately added to preheated (50 
o
C) refined, bleached and deodorized 

(RBD) corn and sunflower oils (free of any additives), at concentrations of 600 ppm. The 

oil samples were stirred for 30 min at 50 
o
C for uniform dispersion. Synthetic antioxidant, 

butlylated hydroxytoluene (BHT) was employed at its legal limit of 200 ppm to compare 

the efficacy of extracts. Stabilized and control oil samples (100 mL), in dark brown 

airtight glass bottles with narrow neck, were separately subjected to storage/aging under 

three different conditions: (i.) accelerated aging in an electric hot air oven at 60 
o
C (8 

hours heating cycle per day) up to 30 days (ii.) microwave aging for 18 min at medium 

power setting (iii.) ambient storage at room temperature for a period of six months.  All 

oil samples were prepared in triplicate. Vegetable oil sample, without antioxidant extract, 

was used as control. Oil samples were taken for analysis after every month (30 days), 

every 5 min and every 5-day intervals in the case of ambient, microwave and hot air oven 

storage, respectively. The magnitude of oxidative deterioration in oils was assessed by 

the measurement of peroxide value (PV), conjugate dienes (CD), conjugate trienes (CT) 

and para-anisidine and totox values. 

 

 

3.8.2. Peroxide value 

Peroxide value, defined as the quantity of the substances in the oil sample 

expressed in terms of milli equivalent of active oxygen per kg, which oxidize 

potassium iodide under operating conditions is determined to monitor the extent of 

oxidation and deterioration of fats/oils at primary level. Fats and oils are mainly 

composed of unsaturated fatty acids, which are very susceptible to oxidation. Upon 

oxidation of unsaturated fatty acids, peroxide and hydro peroxides are formed. 

Such peroxides and hydro peroxides undergo cleavage to produce bad smelling 

aldehydes and ketones etc. These aldehydic products affect the quality of oils and 

fats negatively, thus leading to generating rancid odors, discoloration, vitamin 

destruction and nutritional losses. Heavily oxidized oils/fats are generally unfit for 

human consumption (Chatha et al., 2006).  



 59 

 

  Peroxide value (P.V) in the present work was calculated by standard IUPAC 

method (1979). 5 g of the test oil sample were taken in a glass stoppered conical flask 

of 250 ml. 30 ml of PV solution (glacial acetic acid: chloroform 3:2 v/v) was added 

and dissolved the test portion rapidly by stirring. Then one ml of saturated 

potassium iodide (KI) was added. Stopper was quickly inserted and flask was 

shaken for one minute and left for further five minutes in dark at temperature of 

15-25 
o
C. Then 30 ml of distilled water was added and the liberated iodine was 

titrated against 0.01N Na2S2O3.5H2O solution using starch as indicator. Peroxide 

value was calculated as: 

P.V (meq/kg) = Vol. of Na2S2O3.5H2O solution used x Normality of 

Na2S2O3.5H2O solution x 1000/wt.of sample (g). 

 

Standardization of 0.01N Na2S2O3.5H2O 

0.16 g of K2Cr2O7 was weighed in a titration flask and added 10 mL of 

distilled water, one mL of concentrated HCl and few drops of saturated KI. The 

mixture was then titrated against Na2S2O3.5H2O. As the color faded, few drops of 

starch indicator were added, and then noted the change in color from blue to bluish 

green. The volume of Na2S2O3.5H2O used was noted and calculated its strength by 

following formula. 

N/M= 1000 x wt. of sample (K2Cr2O7)/Factor of K2Cr2O7 x Vol. used of 

Na2S2O3.5H2O 

Factor of K2Cr2O7 = Eq.Wt. = 49 

 

3.8.3. Para-anisidine (p-anisidine) value 

Determination of p-anisidine value is widely recommended to assess the 

extent of unsaturated aldehydes (principally 2-alkenals and 2, 4 dialkenals), formed 

during secondary oxidation stages of oils. These aldehydic products react with p-

anisidine to produce colored compound. P-anisidine value is defined by the 

convention “as 100 times the optical density measured at 350 nm in a 1cm cell of a 

solution containing 1.00 g of the oil in 100 ml of mixture of solvent and reagent‟‟  
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P-anisidine values of the tested oils were determined following IUPAC method 

II. D. 26 (IUPAC 1979). The oil samples (0.5-4.0) were dissolved in iso-octane.  A 5 

mL of sample was pipette out into a test tube and 5 mL of the solvent in the second test 

tube. Then p-anisidine reagent (p-anisidine in glacial acetic acid (0.25% w/v) was added 

into each test tube and shaked. After 10 min, the absorbance As of the solution was 

measured in the 1
st
 test tube in a cell at 350 nm, using the sample from 2

nd
 test tube as a 

blank in the reference cell. 

 

P -anisidine value was calculated by the following relation. 

P-anisidine  = 25 × (1.2 As-Ab)/m 

Ab  is the absorbance of the fat solution after reaction with p-anisidine reagent. 

Ab  is the absorbance of the solution of fat. 

m is the mass, in g, of test portion. 

 

3.8.4. Conjugated dienes (CD) and conjugated trienes (CT) 

Measurement of CD and CT is a good indicator for prediction of oxidative 

stability of the oils (Proteggente et al., 2002). Lipids containing methylene-intrupted 

dienes or polyenes show a shift in their double bond position during oxidation. The 

resulting conjugated dienes exhibit intense absorption at 232 nm; similarly conjugated 

trienes absorb at 268 nm. The increase in CD and CT contents is proportional to the 

uptake of oxygen. Greater the levels of CD and CT lower will be the oxidative stability 

of the oils (Chatha et al., 2006).  

The contents of CD and CT in terms of measurements of specific extinctions at 232 and 

268 nm, respectively were determined following the standard IUPAC method II. 

D. 23 (IUPAC 1979). Accurately weighed (0.01g) of oil sample was taken and 

then diluted with iso-octane to bring the absorbance within the permitted range 

(0.2-0.8). The spectra were recorded in the ultraviolet region and absorbance 

values were noted at 232 nm and 268 nm using UV/VIS spectrophotometer (U-

2001, Hitachi Instruments Inc., Tokyo, Japan).  

Specific extinctions (
1%

1cm ()) were calculated by using following relationship. 


1%

 1cm (λ) = A/bc 

A = Absorbance measured at wavelength 

c = Concentration of solution in g/100ml 

b = Length of cell in cm. 
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3.9. Statistical analysis 
Three samples of each plant material were assayed. Each sample was analyzed 

individually in triplicate and data is reported as mean (n = 3 x 3 x1) ± SD (n = 3 x 3 x 1). 

Data were analyzed using analysis of variance ANOVA using Minitab 2000 Version 13.2 

statistical software (Minitab Inc. Pennysalvania, USA) at 5% significance level. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.3.  Description of plant materials employed in the present study 

Botanical name/Variety Common name/Family Part used  

Vegetables 
Pisum sativum, Meteor Peas/Fabaceae Seed 

Daucus carota, var. T-29 Carrot/Apiaceae Root 

Brassica oleracea, var. Capitata Cabbage/Brassicaceae Bud 

Brassica oleracea, var. Botryotis Cauliflower/ Brassicaceae Flower 

Spinacea oleracea, var. Kandiari Spinach/Amaranthaceaea Leaves 

Brassica rapa, var. Purple top Turnip/ Brassicaceae Root 

Allium cepa, Var. Desi red Onion/Alliaceae Bulb 

Allium sativum,var. Faisalabad white Garlic//Aliaceae Cloves 

Fruits 

Malus pumila, var. skysuper Apple/Rosaceae Fruit, peels 

Prunus salicina, var. Fezele manani Plum/ Rosaceae Fruit 

Prunus armeniaca,  var. Nuri Apricot/ Rosaceae Fruit 

Fragaria ananssa, 
Strawberry/ Rosaceae Fruit 

Morus alba, var. red 
Mulberry/Moraceae Fruit 

Medicinal plants 
Eugenia jambolana Lam Jaman/Myrtaceae Bark 
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Acacia nilotica Desi kiker/Fabaceae Bark 

Azadirachta indica Neem/Meliaceae Bark 

Terminalia arjuna Arjan/Comretaceae Bark 

Moringa oleifera Sohanjana/Moringaceae Leaves, root 

Ficus religiosa Peepal/ Moraceae Fruit 

Aloe barbadensis Aloevera/Asphodelaceae Leaves 

Agro wastes 

Oryza sativa, var. super kernel Rice/Poaceae Hull, bran 

Triticum sativum, var. inqalab Wheat/ Poaceae Husk, bran 

Zea mays L. var. neelam Corn/ Poaceae Cob 

Citrus reticulata, var. kinnow Kinnow/Rutaceae Peel 

Musa sapientum, var. basrai Banana/Musaceae Peel 

Malus pumila, var. skysuper Apple/ Rosaceae Peel 

Punica granatum, var.qandhari Pomegranate/Lythraceae Peel 
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Chapter- 4 

 
RESULTS 

 

Part I 

4.1. Effect of drying on the antioxidant activity of different plant materials 
 

Table 4.1.1.       Effect of drying on the antioxidant activity of different medicinal plant organs 

 

Medicinal plant organs 

Fresh Air-dried Dried at 80 
o
C 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

Moringa oleifera 

leave  
12.2 ± 0.28 86.2 ± 2.6 13.7 ± 0.8 12.12 ± 0.59 84.9 ± 2.8 14.8 ± 0.7 12.38 ± 0.37 87.7 ± 1.9 13.2 ± 0.7 

Moringa oleifera 

 root 
0.31± 0.06 66.7 ± 2.4 37.1 ± 0.6 0.29 ± 0.03 65.8 ± 2.0 49.1 ± 1.6 0.37 ± 0.02 67.3 ± 2.1 46.4 ± 1.3 

Eugenia jambolana 

bark 
8.30 ± 0.49 80.4 ± 1.6 47.3 ± 0.9 11.6 ± 0.32 80.8 ± 2.4 38.9 ± 1.8 12.83 ± 0.05 81.8 ± 1.7 37.1 ± 1.1 

 Acacia nilotica  

bark 
11.2 ± 0.33 78.2 ± 2.3 39.1 ± 1.4 8.73 ± 0.41 79.0 ± 3.1 46.8 ± 1.7 11.56 ± 0.04 79.9 ±2.5 46.0 ± 1.7 

Azadirachta indica 

bark 
9.34 ± 0.37 71.4 ± 2.8 42.6 ± 1.3 9.86 ± 0.45 71.7 ± 2.2 41.7 ± 1.9 10.24 ± 0.05 72.1 ± 2.2 41.2 ± 1.6 

Terminalia arjuna 

bark 
7.80 ± 0.39 44.4 ±1.7 51.5 ± 1.0 8.23 ± 0.36 43.6 ± 1.9 52.1 ± 2.1 9.32 ± 0.04 46.0 ± 1.9 49.6 ± 1.5 

Ficus religiosa fruit 5.34 ± 0.36 67.4 ± 2.1 36.6 ± 1.1 5.92 ± 0.34 66.5 ± 2.7 37.2 ± 1.8 5.91 ± 0.05 68.3 ± 2.1 36.9 ± 1.7 

Aloe barbadensis 

leave 
10.3 ± 0.28 68.3 ± 1.4 19.9 ± 0.9 9.44 ± 0.40 67.1 ± 2.2 20.6 ± 0.9 11.14 ± 0.04 69.4 ± 2.8 18.2 ± 0.8 

 Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x 3 x 3), (P < 0.05) 
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Table 4.1.2. Effect of drying on the antioxidant activity of different agro waste materials 
 

Agro wastes 

Fresh Air-dried Dried at 80 
o
C 

TPC(GAE 

g/100 g of 

dry matter) 

% 

inhibition 

% DPPH
.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

Wheat husk 0.32 ± 0.19 68.2 ± 3.6 46.2 ± 1.9 0.28 ± 0.03 67.6 ± 2.4 47.1 ± 1.8 0.39 ± 0.03 69.1 ± 1.6 45.9 ± 1.1 

Wheat bran 0.37 ± 0.21 70.7 ± 3.5 28.9 ± 0.8 0.34 ± 0.02 69.3 ± 2.3 29.8 ± 0.9 0.28 ± 0.04 68.4 ± 2.2 30.6 ± 1.3 

Rice bran 0.36 ± 0.16 69.5 ± 2.6 31.6 ± 1.1 0.31 ± 0.03 68.7 ± 2.2 32.9 ± 1.2 0.32 ± 0.02 68.2 ± 2.4 31.8 ± 1.2 

Rice hull 0.16 ± 0.10 64.8 ± 3.9 52.6 ± 0.7 0.14 ± 0.01 64.2 ± 1.9 53.4 ± 1.6 0.19 ± 0.01 66.3 ± 2.7 51.6 ± 1.0 

Corn cob 1.53 ± 0.35 72.5 ± 2.8 26.1 ± 1.4 1.58 ± 0.05 72.9 ± 2.8 25.8 ± 0.8 1.66 ± 0.03 73.4 ± 1.5 24.1 ± 0.9 

Citrus peel 2.42 ± 0.33 86.9 ± 1.8 21.8 ± 1.4 2.46 ± 0.09 85.6 ± 2.6 20.6 ± 0.7 2.68 ± 0.05 88.1 ± 1.8 19.7 ± 0.8 

Apple peel 3.90 ± 0.62 88.2 ± 3.7 15.6 ± 0.5 3.80 ± 0.16 81.5 ± 2.3 17.3 ± 0.6 3.62 ± 0.06 80.6 ± 2.4 18.0 ± 0.4 

Pomegranate peel 36.4 ± 0.73 96.4 ± 1.9 11.2 ± 0.8 36.31 ± 1.4 95.9 ± 2.5 12.5 ± 0.8 37.17 ± 0.92 96.9 ± 2.1 10.9 ± 0.3 

Banana peel 1.12 ± 0.32 82.7 ± 4.1 23.6 ± 1.8 1.08 ± 0.05 81.8 ± 2.4 25.0 ± 0.6 1.17 ± 0.04 83.1 ± 1.9 24.1 ± 0.3 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.1.3. Effect of drying on the antioxidant activity of different fruits 
 

Fruits 

Fresh Air-dried Dried at 80 
o
C 

TPC(GAE 

g/100 g of 

dry matter) 

% 

inhibition 

% DPPH
.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% 

inhibition 

% DPPH
.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

Strawberry 2.98 ± 0.13 80.6 ± 1.9 19.9 ± 0.8 2.47 ± 0.08 76.8 ± 2.3 21.6 ± 0.7 2.19 ± 0.07 78.9 ± 2.2 20.7 ± 0.6 

Mulberry 3.66 ± 0.14 86.1 ± 2.5 17.2 ± 0.5 3.12 ± 0.06 82.1 ± 1.8 18.9 ± 0.8 3.17 ± 0.14 83.6 ± 1.7 19.2 ± 0.8 

Plum 2.59 ± 0.08 79.2 ± 2.8 20.8 ± 0.8 2.18 ± 0.09 75.3 ± 2.2 21.7 ± 0.6 2.31 ± 0.06 76.8 ± 2.3 22.6 ± 0.5 

Apple  1.65 ± 0.06 72.5 ± 2.9 29.7 ± 1.2 1.32 ± 0.04 69.8 ± 2.7 31.2 ± 1.2 1.09 ± 0.05 68.1 ± 2.8 33.9 ± 0.7 

Apricot 0.59 ± 0.07 61.8 ± 2.5 41.3 ± 1.3 0.41 ± 0.02 58.9 ± 1.7 43.2 ± 0.9 0.72 ± 0.03 63.7 ± 1.9 39.2 ± 0.8 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.1.4. Effect of drying on the antioxidant activity of different vegetables 

 

Vegetables  

Fresh Air-dried Dried at 80 
o
C 

TPC(GAE 

g/100 g of 

dry matter) 

% 

inhibition 

% DPPH
.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 
% DPPH

.
 

remaining 

TPC(GAE 

g/100 g of 

dry matter) 

% inhibition 

DPPH% 

DPPH
.
 

remaining 

Peas 1.20 ± 0.05 82.4 ± 3.3 32.6 ± 1.3 0.98 ± 0.03 80.6 ± 2.4 34.9 ± 0.6 1.02 ± 0.04 81.3 ± 1.6 34.1 ± 0.7 

Carrot 0.33 ± 0.02 78.6 ± 2.4 46.9 ± 1.5 0.20 ± 0.01 69.1 ± 2.1 50.2 ± 1.0 0.37 ± 0.11 79.4 ± 2.4 46.0 ± 0.9 

Spinach 2.44 ± 0.08 80.2 ± 4.0 20.1 ± 0.9 1.92 ± 0.07 77.7 ± 3.1 28.1 ± 0.6 2.33 ± 0.09 79.2 ± 2.3 27.3 ± 0.8 

Cauliflower 2.72 ± 0.13 82.4 ± 2.5 22.5 ± 0.8 1.89 ± 0.08 78.8 ± 1.7 26.3 ± 1.2 2.19 ± 0.07 80.2 ± 1.8 25.6 ± 1.1 

Cabbage 2.79 ± 0.12 75.2 ± 4.5 19.6 ± 0.7 2.06 ± 0.06 72.7 ± 2.1 24.8 ± 0.7 2.37 ± 0.06 73.0 ± 2.6 25.1 ± 0.7 

Turnip 1.20 ± 0.20 71.4 ± 4.9 25.8 ± 0.8 0.89 ± 0.03 68.6 ± 2.0 29.6 ± 1.2 1.09 ± 0.04 67.2 ± 2.7 28.4 ± 0.8 

Garlic 0.46 ± 0.03 52.9 ± 2.2 46.1 ± 1.3 0.39 ± 0.02 49.3 ± 1.9 49.9 ± 0.9 0.48 ± 0.02 53.6 ± 1.7 45.6 ± 1.3 

Onion 2.61 ± 0.12 77.5 ± 1.9 31.0 ± 1.2 2.17 ± 0.09 73.1 ± 2.8 37.4 ± 1.5 2.39 ± 0.08 74.8 ± 1.5 36.9 ± 0.7 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Part II 
4.2. Effect of extraction medium/technique on the extract yield and antioxidant activity of different plant materials 

4.2.1. Effect of extraction procedure on the extract yield (g/100 g of dry matter) of different plant materials 
 

Table 4.2.1.a.   Effect of extraction procedure on the extract yield (g/100 g of dry weight) of medicinal plant organs 

 

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % methanol 
80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Moringa 

oleifera leave  
9.61 ± 0.39 17.9 ± 0.18 8.94 ± 0.27 12.6 ± 0.51 16.6 ± 0.33 21.1 ± 0.84 12.2 ± 0.37 17.2 ± 0.35 

Moringa 

oleifera root 
3.24 ± 0.14 6.65 ± 0.19 2.23 ± 0.12 3.63 ± 0.26 5.12 ± 0.21 8.97 ± 0.36 4.86 ± 0.21 6.27 ± 0.26 

Eugenia 

jambolana 

bark 

19.2 ± 0.38 14.1 ± 0.56 2.81 ± 0.39 13.5 ± 0.40 25.6 ± 0.51 16.9 ± 0.33 15.3 ± 0.37 19.5 ± 0.46 

 Acacia 

nilotica bark 
23.4 ± 0.47 31.6 ± 0.95 13.1 ± 0.52 15.7 ± 0.32 26.2 ± 0.78 32.8 ± 0.65 18.2 ± 0.55 20.2 ± 0.61 

Azadirachta 

indica bark 
10.7 ± 0.22 13.8 ± 0.55 37.2 ± 0.74 25.0 ± 0.53 14.2 ± 0.29 17.8 ± 0.53 42.4 ± 0.64 31.9 ± 0.63 

Terminalia 

arjuna bark 
22.5 ± 0.67 23.3 ± 0.45 34.5 ± 0.44 37.2 ± 0.46 28.6 ± 0.46 24.9 ± 0.49 40.7 ± 0.86 46.6 ± 083 

Ficus religiosa 

fruit 
18.9 ± 0.76 26.4 ± 0.52 16.9 ± 0.67 19.7 ± 0.39 21.3 ± 0.64 29.2 ± 0.88 19.5 ± 0.58 22.8 ± 0.91 

Aloe 

barbadensis 

leave 

15.6 ± 0.62 17.8 ± 0.36 10.8 ± 0.43 15.2 ± 0.68 17.5 ± 0.73 20.3 ± 0.41 13.2 ± 0.52 18.1 ± 0.72 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

Table 4.2.1.b. Effect of extraction procedure on the extract yield (g/100 g of dry matter) of different agricultural waste 

materials 
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Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 4.56 ± 0.18 9.45 ± 0.38 3.46 ± 0.14 5.15 ± 0.21 5.09 ± 0.26 10.4 ± 0.32 4.73 ± 0.19 6.24 ± 0.25 

Wheat bran 9.63 ± 0.37 12.7 ± 0.25 7.33 ± 0.22 10.3 ± 0.39 10.1 ± 0.22 13.6 ± 0.54 8.45 ± 0.24 12.5 ± 0.37 

Rice bran 22.1 ± 0.22 20.5 ± 0.62 18.6 ± 0.37 19.6 ± 0.36 24.5 ± 0.49 21.9 ± 0.43 19.5 ± 0.39 20.6 ± 0.41 

Rice hull 6.21 ± 0.25 8.83 ± 0.35 2.12 ± 0.14 3.46 ±  0.19 7.72 ± 0.23 9.47 ± 0.36 3.56 ± 0.14 5.37 ± 0.21 

Corn cob 19.5 ± 0.59 21.6 ± 0.43 2.26 ± 0.26 12.6 ± 0.25 20.8 ± 0.62 22.1 ± 0.44 3.64 ± 0.18 13.6 ± 0.54 

Citrus peel 19.6 ± 0.39 21.5 ± 0.65 12.5 ± 0.38 18.7 ± 0.37 22.1 ± 0.88 23.7 ± 0.71 13.5 ± 0.54 19.1 ± 0.38 

Apple peel 12.2 ± 0.48 16.4 ± 0.61 7.35 ± 0.29 8.14 ± 0.32 13.6 ± 0.27 17.9 ± 0.29 8.43 ±  0.26 9.44 ± 0.21 

Pomegranate peel 12.6 ± 0.51 29.9 ± 0.59 11.3 ± 0.22 14.6 ± 0.48 14.3 ± 0.43 31.2 ± 0.62 13.6 ±  0.45 17.9 ± 0.53 

Banana peel 11.4 ± 0.34 24.6 ± 0.74 12.2 ± 0.18 13.1 ± 0.26 12.9 ± 0.39 25.2 ± 0.76 7. 22 ± 0.28 14.6 ± 0.43 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

 

 

 

 

 

 

 

 

 

 

Table 4.2.1.c.  Effect of extraction procedure on the extract yield (g/100 g of dry matter) of different fruits 
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Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Strawberry 38.1 ± 0.66 46.6 ± 0.93 26.3 ± 0.53 39.2 ± 0.31 42.9 ± 0.53 53.8 ± 0.96 29.7 ± 0.89 43.1 ± 0.68 

Mulberry 18.9 ± 0.75 32.3 ± 0.64 16.5 ± 0.49 26.9 ± 0.87 22.7 ± 0.68 41.6 ± 1.07 18.2 ± 0.72 29.6 ± 0.73 

Apricot 5.72 ± 0.22 12.2 ± 0.49 4.24 ± 0.23 9.66 ± 0.28 6.84 ± 0.29 15.3 ± 0.61 6.23 ± 0.25 10.9 ± 0.39 

Apple 4.23 ± 0.29 11.9 ± 0.47 3.92 ± 0.21 10.7 ± 0.32 4.63 ± 0.13 12.8 ± 0.52 4.04 ± 0.19 11.7 ± 0.41 

Plum 7.44 ± 0.26 15.6 ± 0.31 6.63 ± 0.13 13.2 ± 0.58 8.22 ± 0.16 18.7 ± 0.37 7.73 ± 0.23 14.9 ± 0.37 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.2.1.d. Effect of extraction procedure on the extract yield (g/100 g of dry matter) of different vegetables 
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Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 17.2 ± 0.56 24.8 ± 0.97 16.3 ± 0.67 18.1 ± 0.72 19.6 ± 0.79 27.7 ± 0.83 19.2 ± 0.57 22.8 ± 0.68 

Carrot 26.8 ± 0.41 60.9 ± 1.12 23.9 ± 0.48 46.4 ± 0.93 29.3 ± 0.48 62.6 ± 2.51 26.8 ± 0.81 48.9 ± 0.56 

Spinach 19.2 ± 0.63 58.0 ± 1.43 17.3 ± 0.72 32.8 ± 0.65 22.6 ± 0.67 59.9 ± 1.36 20.1 ± 0.46 35.6 ± 0.71 

Cauliflower 56.2 ± 0.92 71.4 ± 1.26 41.8 ± 0.83 63.3 ± 1.06 57.1 ± 1.04 72.2 ± 0.72 42.9 ± 0.88 64.5 ± 1.29 

Cabbage 22.8 ± 0.68 34.1 ± 1.33 19.3 ± 0.79 26.9 ± 1.17 25.9 ± 1.07 39.6 ± 0.78 23.8 ± 0.28 29.5 ± 0.88 

Turnip 39.9 ± 0.76 58.9 ±1.72 28.7 ± 0.33 42.6 ± 1.23 41.2 ± 0.89 60.0 ± 0.67 29.1 ± 1.16 43.8 ± 0.81 

Garlic 7.21 ± 0.39 12.9 ± 0.62 60.2 ± 0.96 9.55± 0.28 9.12 ± 0.38 16.7 ± 0.66 8.34 ± 0.47 13.9 ± 0.56 

Onion 8.62 ± 0.31 13.6 ± 0.59 9.21 ± 0.37 15.2 ± 0.61 11.3 ± 0.45 18.1 ± 0.72 12.7 ± 0.59 19.4 ± 0.77 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

 

 

 

 

 

 

 

 

 

 

 

4.2.2. Effect of extraction procedure on the total phenolic contents expressed as gallic acid equivalents 

g /100 g of dry matter (GAE g/100 g of dry matter) of different plant materials 
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Table 4.2.2.a.  Effect of extraction procedure on the total phenolic contents (GAE g/100 g of dry matter) of medicinal plants 

organs 

 

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

100 % 

methanol 

80 % 

methanol 
100 % ethanol 80 % ethanol 

Moringa oleifera 

leave  
10.3 ± 0.41 12.2 ± 0.28 9.72 ± 0.21 11.6 ± 0.21 9.63 ± 0.28 10.7 ± 0.31 6.16 ± 0.26 8.21 ± 0.36 

Moringa oleifera 

root 
0.22 ± 0.07 0.31± 0.06 0.14 ± 0.01 0.27 ± 0.08 0.17 ± 0.02 0.27 ± 0.04 0.12 ± 0.03 0.23 ± 0.06 

Eugenia jambolana 

bark 
10.1 ± 0.39 8.30 ± 0.49 8.12 ± 0.35 9.03 ± 0.45 8.91 ± 0.39 8.14 ± 0.33 7.94 ± 0.31 8.64 ± 0.27 

 Acacia nilotica 

bark 
12.7 ± 0.28 11.2 ± 0.33 11.2 ± 0.31 16.5 ± 0.66 12.22 ± 0.21 10.7 ± 0.24 10.8 ± 0.28 14.6 ± 0.29 

Azadirachta indica 

bark 
11.1 ± 0.66 9.34 ± 0.37 8.48 ± 0.26 12.0 ± 0.36 9.72 ± 0.33 7.91 ± 0.39 7.23 ± 0.23 10.8 ± 0.38 

Terminalia arjuna 

bark 
12.2 ± 0.57 7.80 ± 0.39 10.2 ± 0.39 12.8 ± 0.26 11.63 ± 0.29 6.25 ± 0.30 9.67 ± 0.38 11.9 ± 0.46 

Ficus religiosa  

Fruit 
3.13 ± 0.19 5.34 ± 0.36 2.67 ± 0.16 4.11 ± 0.18 2.12 ± 0.09 4.93 ± 0.28 2.26 ± 0.10 4.13 ± 0.21 

Aloe barbadensis 
leave 

8.25 ± 0.28 10.3 ± 0.28 6.53 ± 0.38 7.93 ± 0.31 7.29 ± 0.27 9.24 ± 0.26 6.44 ± 0.29 6.94 ± 0.27 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.2.b. Effect of extraction procedure on the total phenolic contents (GAE g/100 g of dry matter) of different agro 

wastes 

 

Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 0.15 ± 0.03 0.32 ± 0.19 0.08 ± 0.02 0.21 ± 0.11 0.19 ± 0.03 0.29 ± 0.03 0.11 ± 0.04 0.21 ± 0.06 

Wheat bran 0.22 ± 0.02 0.37 ± 0.21 0.17 ± 0.04 0.20 ±0.12 0.20 ± 0.02 0.32 ± 0.02 0.15 ± 0.03 0.18 ± 0.05 

Rice bran 0.42 ± 0.06 0.36 ± 0.16 0.26 ± 0.03 0.27 ± 0.09 0.31 ± 0.06 0.29 ± 0.04 0.17 ± 0.05 0.20 ± 0.03 

Rice hull 0.12 ± 0.01 0.16 ± 0.10 0.11 ± 0.02 0.12 ± 0.07 0.09 ± 0.01 0.12 ± 0.01 0.07 ± 0.02 0.11 ± 0.04 

Corn cob 0.59 ± 0.05 1.53 ± 0.35 0.09 ± 0.01 0.22 ± 0.05 0.32 ± 0.03 0.99 ± 0.05 0.12 ± 0.01 0.22 ± 0.02 

Citrus peel 2.63 ± 0.18 2.42 ± 0.33 1.86 ± 0.21 2.19 ± 0.16 2.38 ± 0.12 2.59 ± 0.03 1.45 ± 0.04 2.08 ± 0.07 

Apple peel 2.98 ± 0.13 3.90 ± 0.62 2.56 ± 0.18 3.66 ± 0.14 2.67 ± 0.09 3.72 ± 0.06 2.38 ± 0.06 3.59 ± 0.05 

Pomegranate peel 23.1 ±  0.42 36.4 ± 0.73 20.4 ± 0.31 26.2 ± 0.52 20.2 ± 0.41 34.2 ± 0.62 20.1 ± 0.59 25.6 ± 0.48 

Banana peel 0.72 ± 0.07 1.12 ± 0.32 0.61 ± 0.04 0.86 ± 0.07 0.66 ± 0.04 1.03 ± 0.05 0.52 ± 0.03 0.72 ± 0.05 

 Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.2.c.  Effect of extraction procedure on the total phenolic contents (GAE g/100 g of dry matter) of different fruits 

 

Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Strawberry 1.21 ± 0.11 2.98 ± 0.13 0.92 ± 0.08 2.07 ± 0.14 0.90 ± 0.03 2.35 ± 0.09 0.82 ± 0.06 1.96 ± 0.08 

Mulberry 2.06 ± 0.09 3.66 ± 0.14 1.69 ± 0.12 2.86 ± 0.10 1.86 ± 0.07 3.50 ± 0.07 1.38 ± 0.04 2.39 ± 0.06 

Plum 1.92 ± 0.12 2.59 ± 0.08 1.02 ± 0.06 2.18 ± 0.16 1.61 ± 0.09 2.33 ± 0.05 0.99 ± 0.08 2.06 ± 0.09 

Apple 0.96 ± 0.04 1.65 ± 0.06 0.63 ± 0.07 1.23 ± 0.08 0.89 ± 0.03 1.55 ± 0.11 0.54 ± 0.03 1.11 ± 0.05 

Apricot 0.32 ± 0.06 0.59 ± 0.07 0.10 ± 0.04 0.49 ± 0.04 0.29 ± 0.04 0.49 ± 0.03 0.08 ± 0.01 0.36 ± 0.02 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.2.d.  Effect of extraction procedure on the total phenolic contents (GAE g/100 g of dry matter) of different vegetables 

 

Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 0.90 ± 0.04 1.20 ± 0.05 0.61 ± 0.06 0.89 ± 0.05 0.82 ± 0.09 1.13 ± 0.12 0.52 ± 0.07 0.66 ± 0.05 

Carrot 0.16 ± 0.02 0.33 ± 0.02 0.10 ± 0.03 0.28 ± 0.03 0.11 ± 0.02 0.26 ±0.08 0.08 ± 0.02 0.19 ± 0.01 

Spinach 1.56 ± 0.08 2.44 ± 0.08 1.06 ± 0.09 1.92 ± 0.18 1.36 ± 0.13 2.39 ± 0.16 1.00 ± 0.13 1.86 ± 0.14 

Cauliflower 1.98 ± 0.06 2.72 ± 0.13 1.66 ± 0.07 2.32 ± 0.16 1.68 ± 0.17 2.67 ± 0.21 1.39 ± 0.21 2.09 ± 0.21 

Cabbage 2.16 ± 0.19 2.79 ± 0.12 1.87 ± 0.12 2.46 ± 0.21 2.09 ± 0.12 2.62 ± 0.27 1.72 ± 0.18 2.22 ± 0.16 

Turnip 0.56 ± 0.03 1.20 ± 0.20 0.67 ± 0.08 1.11 ± 0.17 0.66 ± 0.08 1.09 ± 0.12 0.59 ± 0.11 1.06 ± 0.09 

Garlic 0.13 ± 0.04 0.46 ± 0.03 0.16 ± 0.02 0.39 ± 0.04 0.16 ± 0.03 0.38 ± 0.09 0.10 ± 0.07 0.32 ± 0.07 

Onion 1.63 ± 0.07 2.61 ± 0.12 1.25 ± 0.16 1.93 ± 0.12 1.59 ± 0.16 2.36 ± 0.24 1.53 ± 0.08 2.01 ± 0.17 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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4.2.3. Effect of extraction procedure on the total flavonoid contents expressed as catechin quivalents 

g /100 g of dry matter (CE g/100 g of dry matter)  of different plant materials 
 

Table 4.2.3.a. Effect of extraction procedure on the total flavonoid contents (CE g/100 g of dry matter) of medicinal plants 

organs 

  

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

100 % 

methanol 

80 % 

methanol 
100 % ethanol 80 % ethanol 

Moringa oleifera 

leave  
6.06 ± 0.12 8.66 ± 0.21 5.33 ± 0.13 6.21 ± 0.11 5.90 ± 0.16 7.29 ± 0.18 4.19 ± 0.09 5.31 ± 0.19 

Moringa oleifera 

root 
1.68 ± 0.06 2.94 ± 0.08 1.22 ± 0.04 1.59 ± 0.03 1.02 ± 0.03 2.86 ± 0.13 0.89 ± 0.07 1.21 ± 0.07 

Eugenia 

jambolana bark 
2.63 ± 0.04 1.72 ± 0.07 1.68 ± 0.06 2.10 ± 0.06 1.99 ± 0.06 0.83 ± 0.02 1.06 ± 0.04 1.55 ± 0.05 

 Acacia nilotica 

bark 
4.86 ± 0.09 3.21 ± 0.12 3.15 ± 0.14 4.93 ± 0.15 3.92 ± 0.12 2.52 ± 0.06 3.00 ± 0.13 4.19 ± 0.11 

Azadirachta indica 

bark 
2.93 ± 0.10 3.31 ± 0.16 2.68 ± 0.12 3.14 ± 0.09 2.16 ± 0.08 2.90 ± 0.04 1.66 ± 0.06 2.99 ± 0.13 

Terminalia arjuna 

bark 
3.01 ± 0.13 2.13 ± 0.13 2.64 ± 0.09 3.49 ± 0.11 1.78 ± 0.06 1.52 ± 0.05 2.11 ± 0.11 2.63 ± 0.08 

Ficus religiosa 

fruit 
2.16 ± 0.08 3.77 ±0.10 1.28 ± 0.04 2.03 ± 0.06 1.97 ± 0.05 3.56 ± 0.11 1.47 ± 0.05 2.86 ± 0.12 

Aloe barbadensis 
leave 

2.91 ± 0.16 4.28 ± 0.17 1.68 ± 0.02 2.96 ± 0.04 2.90 ± 0.07 4.66 ± 0.09 1.39 ± 0.07 2.55 ± 0.09 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.3.b.  Effect of extraction procedure on the total flavonoid contents (CE g/100 g of dry matter) of different agro 

wastes 

 

Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 0.041 ± 0.002 0.052 ± 0.003 0.036 ±0.002 0.051 ±0.004 0.046 ±0.005 0.055 ±0.003 0.039 ±0.002 0.055 ±0.004 

Wheat bran 0.039 ± 0.003 0.046 ±0.004 0.031 ±0.004 0.042 ±0.002 0.034 ±0.003 0.045 ±0.004 0.034 ±0.003 0.045 ±0.003 

Rice bran 0.022 ± 0.001 0.032 ±0.003 0.031 ±0.002 0.032 ±0.003 0.021 ±0.002 0.036 ± 0.003 0.029 ±0.001 0.028 ±0.004 

Rice hull 0.012 ± 0.001 0.026 ±0.002 0.022 ±0.001 0.024 ±0.002 0.016 ±0.002 0.039 ± 0.004 0.023 ±0.003 0.031 ±0.002 

Corn cob 0.021 ±0.002 0.052 ±0.004 0.031 ±0.002 0.036 ±0.001 0.029 ±0.003 0.043 ± 0.002 0.036 ±0.004 0.42 ±0.02 

Citrus peel 2.99 ± 0.06 1.92 ± 0.06 2.78 ±0.07 3.12 ±0.08 2.89 ±0.08 1.86 ± 0.06 2.70 ±0.13 3.00 ±0.18 

Apple peel 2.86 ± 0.08 2.21 ±0.04 2.67 ±0.09 2.99 ±0.09 2.82 ±0.06 3.60 ± 0.12 2.72 ± 0.04 3.02 ± 0.12 

Pomegranate peel 3.42 ± 0.07 4.89 ± 0.07 3.18 ±0.08 3.66 ±0.07 3.29 ±0.08 4.68 ±0.09 3.00 ± 0.06 3.58 ± 0.11 

Banana peel 0.39 ± 0.02 0.62 ±0.05 0.26 ±0.02 0.48 ±0.03 0.25 ±0.02 0.45 ± 0.03 0.19 ± 0.03 0.32 ± 0.02 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.3.c. Effect of extraction procedure on the total flavonoid contents (CE g/100 g of dry matter) of different fruits 

 

Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 
80 % methanol 100 % ethanol 80 % ethanol 

Strawberry 0.166 ± 0.062 0.321 ± 0.051 0.122 ± 0.004 0.261 ± 0.032 0.198 ± 0.002 0.313 ± 0.043 0.108 ± 0.003 0.258 ± 0.052 

Mulberry 0.233 ± 0.051 0.389 ± 0.003 0.192 ± 0.003 0.277 ± 0.053 0.200 ± 0.035 0.336 ± 0.033 0.168 ± 0.041 0.272 ± 0.047 

Plum 0.219 ± 0.072 0.262 ± 0.042 0.109 ± 0.002 0.238 ± 0.064 0.089 ± 0.041 0.256 ± 0.062 0.092 ± 0.002 0.230 ± 0.036 

Apple 0.066 ± 0.002 0.092 ± 0.002 0.038 ± 0.004 0.066 ± 0.044 0.061 ± 0.002 0.087 ± 0.002 0.021 ± 0.003 0.209 ± 0.062 

Apricot 0.013 ± 0.004 0.063 ± 0.004 0.013 ± 0.002 0.058 ± 0.002 0.019 ± 0.001 0.066 ± 0.003 0.012 ± 0.001 0.046 ± 0.003 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.3.d.  Effect of extraction procedure on the total flavonoid contents (CE g/100 g of dry matter) of different vegetables 

 

Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 0.012 ± 0.003 0.036 ± 0.002 0.019 ± 0.004 0.058 ± 0.003 0.011 ± 0.003 0.028 ± 0.003 0.016 ± 0.002 0.049 ± 0.002 

Carrot 0.062 ± 0.002 0.069 ± 0.041 0.032 ± 0.003 0.051 ± 0.002 0.052 ± 0.002 0.049 ± 0.002 0.028 ± 0.043 0.046 ± 0.005 

Spinach 0.189 ± 0.041 0.262 ± 0.062 0.127 ± 0.024 0.196 ± 0.002 0.145 ± 0.041 0.246 ± 0.063 0.139 ± 0.051 0.272 ± 0.003 

Cauliflower 0.162 ± 0.053 0.218 ± 0.071 0.119 ± 0.033 0.203 ± 0.042 0.151 ± 0.033 0.209 ± 0.031 0.113 ± 0.062 0.196 ± 0.004 

Cabbage 0.156 ± 0.031 0.221 ± 0.052 0.107 ± 0.034 0.216 ± 0.033 0.142 ± 0.052 0.212 ± 0.044 0.096 ± 0.003 0.200 ± 0.004 

Turnip 0.128 ± 0.042 0.188 ± 0.033 0.116 ± 0.051 0.156 ± 0.005 0.116 ± 0.043 0.173 ± 0.025 0.109 ± 0.042 0.139 ± 0.005 

Garlic 0.009 ± 0.002 0.012 ± 0.001 0.018 ± 0.024 0.029 ± 0.002 0.018 ± 0.002 0.018 ± 0.003 0.021 ± 0.006 0.031 ± 0.001 

Onion 0.162 ± 0.054 0.194 ± 0.044 0.290 ± 0.053 0.381 ± 0.041 0.122 ± 0.031 0.173 ± 0.043 0.361 ± 0.012 0.432 ± 0.014 

 Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1 x 3 x 3), (P < 0.05) 
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4.2.4. Effect of extraction procedure on reducing power of different plant materials 
 

 

Table 4.2.4.a. Effect of extraction procedure on reducing power of different medicinal plant organs  

 

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

100 % 

methanol 

80 % 

methanol 
100 % ethanol 80 % ethanol 

Moringa oleifera 

leave  
2.45 ± 0.05 2.88 ± 0.03 1.53 ± 0.04 2.50 ± 0.06 1.25 ± 0.05 1.78 ± 0.03 0.94 ± 0.04 0.95 ± 0.04 

Moringa oleifera 

root 
0.09 ± 0.01 0.14 ± 0.02 0.09 ± 0.01 0.12 ± 0.02 0.06 ± 0.01 0.13 ± 0.02 0.09 ± 0.03 0.11 ± 0.02 

Eugenia jambolana 

bark 
1.06 ± 0.04 1.48 ± 0.04 0.98 ± 0.02 1.60 ± 0.03 0.80 ± 0.04 1.26 ± 0.05 0.61 ±  0.05 1.39 ± 0.07 

Acacia nilotica 

bark 
1.68 ± 0.05 1.52 ± 0.04 1.45 ± 0.06 1.87 ± 0.05 1.25 ± 0.06 1.13 ± 0.04 1.05 ±  0.07 1.62 ± 0.05 

Azadirachta indica 

bark 
1.55 ± 0.03 1.46 ± 0.05 1.05 ± 0.05 1.71 ± 0.03 1.16 ± 0.03 1.10 ± 0.07 0.79 ± 0.02 1.56 ± 0.06 

Terminalia arjuna 

bark 
1.26 ± 0.02 1.66 ± 0.04 1.12 ± 0.02 1.34 ±0.04 1.11 ± 0.05 1.46 ± 0.02 0.62 ± 0.03 0.99 ± 0.03 

Ficus religiosa  

fruit 
1.06 ± 0.04 1.36 ± 0.07 0.92 ± 0.06 0.99 ± 0.07 1.13 ± 0.02 1.22 ± 0.05 1.26 ± 0.06 1.32 ± 0.02 

Aloe barbadensis 

leave 
2.01 ± 0.03 2.91 ± 0.05 1.56 ± 0.04 2.16 ± 0.04 2.18 ± 0.04 2.96 ± 0.08 1.72 ± 0.04 1.88 ± 0.04 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.4.b. Effect of extraction procedure on the reducing power of different agro wastes 

 

Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 0.17 ± 0.03 0.26 ± 0.02 0.15 ± 0.02 0.19 ± 0.03 0.16 ± 0.02 0.24 ± 0.01 0.11 ± 0.02 0.18 ± 0.03 

Wheat bran 0.92 ± 0.02 1.07 ± 0.04 0.83 ± 0.05 0.99 ± 0.01 0.81 ± 0.03 0.92 ± 0.04 0.61 ± 0.04 0.72 ± 0.05 

Rice bran 0.29 ± 0.04 0.37 ± 0.01 0.27 ± 0.04 0.31 ± 0.02 0.26 ± 0.02 0.30 ± 0.02 0.21 ± 0.03 0.28 ± 0.02 

Rice hull 0.10 ± 0.02 0.22 ± 0.03 0.12 ± 0.03 0.21 ± 0.03 0.10 ± 0.01 0.22 ± 0.03 0.11 ± 0.05 0.19 ± 0.03 

Corn cob 1.29 ± 0.05 1.26 ± 0.05 0.78 ± 0.04 1.05 ± 0.04 0.72 ± 0.03 1.18 ± 0.05 0.59 ± 0.06 0.83 ± 0.01 

Citrus peel 1.52 ± 0.04 1.33 ± 0.04 1.26 ± 0.08 1.30 ± 0.03 1.41 ± 0.06 1.29 ± 0.04 1.21 ± 0.02 1.25 ± 0.06 

Apple peel 1.48 ± 0.03 1.59 ± 0.03 1.36 ± 0.06 1.47 ± 0.02 1.44 ± 0.04 1.62 ± 0.06 1.49 ± 0.05 1.58 ± 0.04 

Pomegranate peel 2.78 ± 0.05 3.46 ± 0.06 1.99 ± 0.05 2.97 ± 0.05 2.68 ± 0.05 3.39 ± 0.06 1.86 ± 0.04 2.68 ± 0.05 

Banana peel 1.07 ± 0.06 1.29 ±  0.05 0.76 ± 0.03 0.99 ± 0.02 0.92 ± 0.02 1.18 ± 0.05 0.88 ± 0.02 1.06 ± 0.03 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.4.c. Effect of extraction procedure on the reducing power of different fruits 

 

Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Strawberry 2.89 ± 0.07 3.21 ± 0.13 2.16 ± 0.08 3.08 ± 0.08 2.76 ± 0.04 3.07 ± 0.04 1.92 ± 0.05 2.99 ± 0.08 

Mulberry 2.96 ± 0.05 3.39 ± 0.16 2.77 ± 0.04 3.12 ± 0.05 2.57 ± 0.08 3.18 ± 0.07 2.39 ± 0.02 3.00 ± 0.05 

Plum 2.19 ± 0.04 2.86 ± 0.21 1.88 ± 0.05 2.72 ± 0.06 1.96 ± 0.05 2.72 ± 0.02 1.77 ± 0.06 2.59 ± 0.06 

Apple 0.87 ± 0.02 1.22 ± 0.11 0.72 ± 0.03 0.93 ± 0.02 0.86 ± 0.02 1.32 ± 0.05 0.63 ± 0.03 0.82 ± 0.02 

Apricot 0.27 ± 0.03 0.34 ± 0.02 0.22 ± 0.02 0.29 ± 0.03 0.17 ± 0.03 0.29 ± 0.03 0.17 ± 0.02 0.19 ± 0.03 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.4.d.  Effect of extraction procedure on the reducing power of different vegetables 

 

Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 0.39 ± 0.02 0.77 ± 0.03 0.22 ± 0.01 0.59 ± 0.04 0.29 ± 0.02 0.62 ± 0.03 0.19 ± 0.01 0.46 ± 0.03 

Carrot 0.17 ± 0.01 0.39 ± 0.02 0.15 ± 0.02 0.27 ± 0.03 0.15 ± 0.01 0.28 ± 0.02 0.13 ± 0.03 0.27 ± 0.02 

Spinach 0.99 ± 0.05 1.52 ± 0.07 1.07 ± 0.05 1.26 ± 0.06 0.87 ± 0.04 1.39 ± 0.06 0.93 ± 0.05 1.62 ± 0.04 

Cauliflower 0.73 ± 0.04 1.61 ± 0.04 0.61 ± 0.04 1.38 ± 0.05 0.68 ± 0.03 1.52 ± 0.04 0.59 ± 0.02 1.29 ± 0.03 

Cabbage 1.67 ± 0.06 2.24 ± 0.12 1.36 ± 0.06 1.92 ± 0.04 1.59 ± 0.07 2.22 ± 0.08 1.43 ± 0.07 2.13 ± 0.08 

Turnip 0.29 ± 0.03 0.57 ± 0.03 0.17 ± 0.02 0.48 ± 0.02 0.27 ± 0.02 0.77 ± 0.05 0.15 ±0.02 0.48 ± 0.04 

Garlic 0.16 ± 0.01 0.29 ± 0.02 0.13 ± 0.02 0.26 ± 0.01 0.16 ± 0.01 0.27 ± 0.02 0.19 ± 0.04 0.33 ± 0.02 

Onion 0.28 ± 0.02 0.76 ± 0.03 0.19 ± 0.01 0.37 ± 0.03 0.16 ± 0.02 0.59 ± 0.03 0.39 ± 0.03 0.58 ± 0.04 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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4.2.5. Effect of extraction procedure on the DPPH
.
 radical scavenging activity (% DPPH

.
 remaining) of 

different plant materials 
 

Table 4.2.5.a.  Effect of extraction procedure on the DPPH
.
 scavenging activity (% DPPH

.
 remaining) of different medicinal 

plant organs 

 

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

100 % 

methanol 

80 % 

methanol 
100 % ethanol 80 % ethanol 

Moringa oleifera 

leave  
17.2 ± 0.7 13.7 ± 0.8 29.1 ± 0.9 14.8 ± 0.6 18.4 ± 1.0 20.6 ± 0.8 30.8 ± 1.2 19.4 ± 0.8 

Moringa oleifera 

root 
48.6 ± 1.2 37.1 ± 0.6 43.4 ± 1.2 38.2 ± 1.3 46.1 ± 0.8 35.2 ± 1.2 41.2 ± 1.4 37.3 ± 0.6 

Eugenia jambolana 

bark 
51.2 ± 1.4 47.3 ± 0.9 49.6 ± 0.6 46.1 ± 0.9 51.9 ± 0.8 48.6 ± 0.9 50.8 ± 1.0 47.3 ± 1.5 

 Acacia nilotica 

bark 
43.7 ± 1.6 39.1 ± 1.4 17.5 ± 0.9 13.4 ± 0.5 44.2 ± 1.3 39.3 ± 1.6 18.1 ± 0.7 18.9 ± 0.8 

Azadirachta indica 

bark 
46.8 ± 1.9 42.6 ± 1.3 42.7 ± 1.4 39.2 ± 0.8 48.4 ± 1.2 45.6 ± 1.4 43.3 ± 1.3 41.6 ± 1.7 

Terminalia arjuna 

bark 
62.3 ± 1.3 51.5 ± 1.0 37.1 ± 1.5 32.6 ± 1.1 62.8 ± 1.3 52.7 ± 1.3 38.4 ± 0.8 34.1 ± 1.4 

Ficus religiosa 

fruit 
42.8 ± 1.7 36.6 ± 1.1 44.7 ± 1.3 39.9 ± 0.9 44.1 ± 1.4 37.2 ± 0.7 43.8 ± 1.4 36.2 ± 1.1 

Aloe barbadensis 

leave 
26.3 ± 1.1 19.9 ± 0.9 32.8 ± 1.4 29.3 ± 1.2 27.1 ± 1.1 22.4 ±  0.9 32.0 ± 1.3 28.1 ± 1.2 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.5.b. Effect of extraction procedure on the DPPH
.
 scavenging activity (% DPPH

.
 remaining) of different agro wastes 

 

Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 49.8 ± 1.3 46.2 ± 1.9 49.7 ± 1.5 51.2 ± 1.0 50.3 ± 1.5 49.6 ± 0.9 56.2 ± 1.1 50.6 ± 1.0 

Wheat bran 31.6 ± 1.2 28.9 ± 0.8 33.6 ± 0.7 29.8 ± 0.9 34.2 ± 1.4 29.1 ± 1.1 33.8 ± 1.0 26.9 ± 1.1 

Rice bran 33.9 ± 1.1 31.6 ± 1.1 36.3 ± 1.5 32.7 ± 0.8 36.2 ± 1.1 32.9 ± 0.7 37.8 ± 1.5 33.7 ± 0.7 

Rice hull 60.2 ± 0.9 52.6 ± 0.7 61.6 ± 1.2 54.9 ± 1.0 61.3 ± 1.2 52.9 ± 1.6 62.4 ± 1.2 56.7 ± 1.7 

Corn cob 33.7 ± 1.1 26.1 ± 1.4 42.9 ± 1.3 38.6 ± 1.2 34.6 ± 0.7 29.3 ± 1.2 44.7 ± 1.4 39.8 ± 1.6 

Citrus peel 30.2 ± 1.2 21.8 ± 1.4 29.6 ± 1.1 24.8 ± 1.0 31.2 ± 1.3 22.7 ± 0.7 31.1 ± 0.9 25.5 ± 0.8 

Apple peel 18.2 ± 0.7 15.6 ± 0.5 26.7 ± 0.5 18.8 ± 0.8 17.8 ± 0.7 14.2 ± 0.5 29.3 ± 1.2 19.8 ± 0.6 

Pomegranate peel 16.3 ± 0.8 11.2 ± 0.8 21.6 ± 0.9 13.9 ± 0.4 18.2 ± 0.6 13.6 ± 0.6 22.9 ± 0.9 15.5 ± 0.6 

Banana peel 41.2 ± 1.3 23.6 ± 1.8 46.1 ± 1.4 29.3 ± 1.1 41.8 ± 1.2 22.9 ± 0.7 47.4 ± 1.4 32.8 ± 1.0 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.5.c. Effect of extraction procedure on the DPPH
.
 scavenging activity (% DPPH

.
 remaining) of different fruits 

 

Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Strawberry 22.6 ± 0.7 19.9 ± 0.8 23.8 ± 0.9 17.3 ± 0.7 23.9 ± 0.9 21.6 ± 0.8 24.3 ± 0.8 16.8 ± 0.7 

Mulberry 20.3 ± 0.9 17.2 ± 0.5 21.9 ± 0.7 13.7 ± 0.8 21.8 ± 0.8 16.3 ± 0.7 20.4 ± 0.6 12.1 ± 0.5 

Plum 26.8 ± 0.8 20.8 ± 0.8 29.3 ± 0.8 23.6 ± 0.6 27.9 ± 1.0 22.6 ± 0.8 31.8 ± 1.3 24.7 ± 1.3 

Apple 37.8 ± 1.1 29.7 ± 1.2 42.6 ± 1.4 39.1 ± 1.6 39.1 ± 1.6 31.4 ± 1.3 44.7 ± 1.2 41.6 ± 1.8 

Apricot 53.7 ± 1.7 41.3 ± 1.3 57.3 ± 1.1 49.3 ± 1.4 54.6 ± 1.5 42.9 ± 1.6 58.1 ± 1.9 50.8 ± 1.5 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.5.d. Effect of extraction procedure on the DPPH
.
 scavenging activity (% DPPH

.
 remaining)  of different vegetables 

 

Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 39.6 ± 1.6 32.6 ± 1.3 43.3 ± 1.7 36.8 ± 1.2 41.5 ± 1.3 33.1 ± 1.3 41.2 ± 1.4 34.6 ± 0.7 

Carrot 52.3 ± 1.0 46.9 ± 1.5 57.1 ± 1.3 42.3 ± 1.3 55.9 ± 1.1 48.6 ± 0.9 59.3 ± 1.1 46.2 ± 1.4 

Spinach 27.3 ± 0.8 20.1 ± 0.9 23.8 ± 0.7 21.9 ± 0.7 29.4 ± 1.4 22.9 ± 1.1 25.6 ± 1.2 23.1 ± 0.9 

Cauliflower 26.6 ± 1.2 22.5 ± 0.8 20.3 ± 0.8 19.8 ± 0.8 28.8 ± 1.2 25.7 ± 0.8 24.7 ± 0.8 21.3 ± 0.7 

Cabbage 21.7 ± 0.9 19.6 ± 0.7 26.8 ± 0.7 20.9 ± 0.9 24.6 ± 0.8 21.8 ± 0.9 31.6 ± 1.3 26.4 ± 0.9 

Turnip 32.2 ± 1.3 25.8 ± 0.8 35.3 ± 1.4 27.3 ± 1.8 37.3 ± 1.3 29.4 ± 1.1 39.2 ± 1.1 32.6 ± 1.2 

Garlic 58.3 ± 1.2 46.1 ± 1.3 59.2 ± 1.2 49.8 ± 1.1 59.6 ± 1.1 48.3 ± 1.4 51.6 ± 0.9 44.7 ± 1.6 

Onion 38.6 ± 1.3 31.0 ± 1.2 44.3 ± 0.8 33.7 ± 1.2 46.7 ± 1.4 33.7 ± 1.0 40.8 ± 0.8 30.9 ± 1.5 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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4.2.6. Effect of extraction procedure on the % inhibition of linoleic acid peroxidation of different plant 

materials 
 

Table 4.2.6.a.  Effect of extraction procedure on the % inhibition of linoleic acid peroxidation of different medicinal plant 

organs 

 

Medicinal plant 

organs 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

100 % 

methanol 

80 % 

methanol 
100 % ethanol 80 % ethanol 

Moringa oleifera 

leave  
79.9 ± 2.4 86.2 ±2.6 73.3 ± 1.5 82.9 ± 1.6 68.2 ± 2.0 82.6 ± 1.6 68.7 ± 2.0 80.5 ± 1.7 

Moringa oleifera 

root 
47.6 ± 1.9 66.7 ±2.4 45.3 ± 1.8 65.2 ± 1.3 40.8 ± 1.6 64.8 ± 2.5 43.2 ± 1.7 63.6 ± 1.9 

Eugenia jambolana 

bark 
85.2 ± 2.6 80.4 ± 1.6 90.6 ± 2.7 90.2 ± 1.8 83.3 ± 2.4 78.1 ± 2.3 88.9 ± 2.6 87.1 ± 1.8 

 Acacia nilotica 

bark 
85.2 ± 1.8 78.2 ± 2.3 86.2 ± 1.6 69.2 ± 2.7 84.1 ± 1.5 72.1 ± 1.4 85.3 ± 2.5 66.3 ± 1.6 

Azadirachta indica 

bark 
65.0 ± 2.6 71.4 ± 2.8 47.8 ± 1.8 55.1 ± 1.6 63.2 ± 1.2 69.1 ± 2.0 44.3 ± 1.7 50.8 ± 2.0 

Terminalia arjuna 

bark 
31.1 ± 1.2 44.4 ±1.7 61.8 ± 2.4 66.0 ± 2.6 59.4 ± 1.7 36.2 ± 1.4 61.4 ± 1.2 63.2 ± 2.5 

Ficus religiosa 

fruit 
59.2 ± 1.7 67.4 ±2.1 54.9 ± 2.1 60.8 ± 2.4 59.6 ± 2.3 67.1 ± 2.0 55.2 ± 1.6 61.9 ± 2.4 

Aloe barbadensis 

leave 
66.2 ± 1.3 68.3 ±1.4 63.7 ± 1.9 65.9 ± 1.9 64.3 ± 1.9 67.9 ± 1.3 66.2 ± 1.3 67.3 ± 2.1 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.6.b. Effect of extraction procedure on the % inhibition of linoleic acid peroxidation of different agro wastes 

 

Agro wastes 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Wheat husk 57.3 ± 2.3 68.2 ± 3.6 53.6 ± 2.3 63.8 ± 2.0 55.2 ± 2.2 66.3 ± 1.9 52.9 ± 2.2 60.6 ± 1.8 

Wheat bran 61.9 ± 1.8 70.7 ± 3.5 59.9 ± 1.9 64.2 ± 1.7 61.2 ± 1.7 69.3 ± 1.5 57.8 ± 1.9 64.1 ± 1.6 

Rice bran 73.8 ± 2.1 69.5 ± 2.6 52.6 ± 2.2 54.2 ± 2.1 60.3 ± 2.1 61.9 ± 2.2 49.2 ± 1.8 51.8 ± 1.1 

Rice hull 59.2 ± 2.4 64.8 ± 3.9 50.7 ± 1.9 58.8 ± 1.9 46.6 ± 1.9 52.8 ± 2.0 44.7 ± 1.7 44.9 ± 1.8 

Corn cob 89.9 ± 1.8 72.5 ± 2.8 60.5 ± 1.4 63.6 ± 1.8 82.1 ± 2.4 68.3 ± 1.9 56.4 ± 1.8 61.9 ± 2.1 

Citrus peel 87.7 ± 2.6 86.9 ± 1.8 72.1 ± 1.3 81.8 ± 2.4 86.8 ± 2.1 82.1 ± 2.9 71.9 ± 2.0 80.6 ± 1.9 

Apple peel 76.8 ± 2.3 88.2 ± 3.7 69.2 ± 2.1 80.9 ± 2.2 72.9 ± 2.8 87.9 ± 2.5 68.1 ± 2.5 78.3 ± 2.3 

Pomegranate peel 89.2 ± 1.8 96.4 ± 1.9 76.3 ± 1.9 83.8 ± 2.0 88.8 ± 1.9 94.3 ± 2.1 77.4 ± 2.3 83.1 ± 2.5 

Banana peel 70.4 ± 2.1 82.7 ± 4.1 66.7 ± 2.0 72.8 ± 1.9 69.2 ± 2.5 80.7 ± 2.5 65.6 ± 2.5 70.9 ± 2.7 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.6.c.  Effect of extraction procedure on the % inhibition of linoleic acid peroxidation of different fruits 

 

Fruits 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Strawberry 72.8 ± 2.1 80.6 ± 1.9 77.6 ± 1.8 84.8 ± 1.9 71.9 ± 1.9 79.3 ± 2.2 76.8 ± 1.9 83.1 ± 1.9 

Mulberry 80.9 ± 2.3 86.1 ± 2.5 75.2 ± 2.2 88.6 ± 1.7 77.3 ± 1.8 84.8 ± 1.8 73.9 ± 2.2 88.3 ± 1.8 

Plum 72.8 ± 1.8 79.2 ± 2.8 67.9 ± 2.1 78.2 ± 2.2 71.4 ± 1.0 78.3 ± 2.1 66.8 ± 2.5 77.6 ± 2.2 

Apple 65.1 ± 2.4 72.5 ± 2.9 58.3 ± 2.4 67.2 ± 2.4 64.8 ± 2.4 71.7 ± 2.2 56.8 ± 2.4 66.1 ± 2.3 

Apricot 52.9 ± 2.1 61.8 ± 2.5 50.6 ± 2.3 63.1 ± 2.5 51.3 ± 2.1 60.8 ± 2.4 50.1 ± 2.3 62.8 ± 2.4 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.2.6.d. Effect of extraction procedure on the % inhibition of linoleic acid peroxidation of different vegetables 

 

Vegetables 

Extraction by shaker Extraction by reflux 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 

80 % 

ethanol 

100 % 

methanol 

80 % 

methanol 

100 % 

ethanol 
80 % ethanol 

Peas 71.2 ± 2.4 82.4 ± 3.3 69.1 ± 2.1 79.9 ± 1.6 70.1 ± 2.2 80.9 ± 1.7 72.6 ± 2.6 81.1 ± 1.9 

Carrot 68.3 ± 2.5 78.6 ± 2.4 65.3 ± 2.6 73.7 ± 2.2 66.9 ± 2.7 77.3 ± 2.3 63.8 ± 2.5 72.3 ± 2.6 

Spinach 76.1 ± 2.3 80.2 ± 4.0 71.2 ± 2.2 78.3 ± 1.6 77.3 ± 1.5 82.1 ± 1.5 70.6 ± 1.4 77.4 ± 2.3 

Cauliflower 77.3 ± 1.6 82.4 ± 2.5 78.8 ± 1.6 84.6 ± 1.8 76.8 ± 2.2 81.9 ± 2.1 77.2 ± 2.3 82.8 ± 2.5 

Cabbage 66.8 ± 2.6 75.2 ± 4.5 65.1 ± 2.7 71.9 ± 2.2 64.6 ± 2.5 73.8 ± 2.2 67.3 ± 2.1 74.6 ± 2.9 

Turnip 62.9 ± 1.8 71.4 ± 4.9 60.3 ± 2.5 67.8 ± 2.7 60.8 ± 1.2 73.9 ± 2.9 61.4 ± 2.4 68.9 ± 2.1 

Garlic 48.8 ± 1.9 52.9 ± 2.2 43.1 ± 1.7 49.3 ± 1.9 49.1 ± 1.9 55.7 ± 2.2 45.6 ± 1.8 52.8 ± 2.2 

Onion 70.3 ± 1.4 77.5 ± 1.9 68.9 ± 2.1 73.6 ± 1.5 71.8 ± 1.6 76.3 ± 1.5 66.1 ± 1.3 72.9 ± 1.5 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Part III 

4.3. Effect of different cooking methods on the antioxidant activity of selected 

vegetables 

 
 

Table 4.3.1.  Effect of different cooking methods on extract yield (g/100 g of dry 

matter) of vegetables 

Vegetables Raw Boiled Microwaved Fried 

Peas 24.8 ± 0.97 19.2 ± 0.74 11.5  ± 0.32 18.8± 0.68 

Carrot 60.9 ± 1.12 45.5 ± 1.31 50.3 ± 1.6 48.7± 1.51 

Spinach 58.0 ± 1.43 31.4 ± 1.24 26.8 ± 0.37 31.5± 1.27 

Cabbage 34.1 ± 1.26 46.7 ± 1.18 45.9 ± 1.45 57.0 ± 1.35 

Cauliflower 71.4 ± 1.33 40.7 ± 1.29 42.5 ± 1.50 49.5± 1.42 

White Turnip 58.9 ± 1.72 56.6 ± 1.32 57.0 ± 1.40 49.9 ± 1.12 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in 

triplicate (n = 1x 3 x 3), (P < 0.05) 
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Table 4.3.2. Effect of different cooking methods on the total phenolic contents (GAE 

g/100 g of dry matter) of vegetables   

Vegetables Raw Boiled Microwaved Fried 

Peas 1.20  ± 0.05 0.48 ± 0.02 1.54 ± 0.06 1.10  ± 0.05 

Carrot 0.33 ± 0.02 0.79 ± 0.03 0.52 ± 0.02 1.00  ± 0.04 

Spinach 2.44 ± 0.08 2.02 ± 0.09 2.68 ± 0.11 2.02 ± 0.04 

Cabbage 2.79 ± 0.12 1.36 ± 0.06 1.40 ± 0.05 1.98 ± 0.06 

Cauliflower 2.72 ± 0.13 1.55 ± 0.05 0.56 ± 0.03 1.14 ± 0.04 

White Turnip 1.20 ± 0.04 1.03 ± 0.03 0.82 ± 0.03 1.24 ± 0.06 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in 

triplicate (n = 1 x 3 x 3), (P < 0.05) 
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Table 4.3.3.   Effect of different cooking methods on % inhibition of linoleic acid 

peroxidation of different vegetables 

 

Vegetables Raw Boiled Microwaved Fried 

Peas  82.4  ± 3.29 83.8 ± 4.19 81.2 ± 4.87 85.4 ± 3.41 

Carrot 78.6 ± 2.35 82.1± 3.28 86.4 ± 3.45 84.2 ± 2.52 

Spinach  80.2 ± 4.01 80.7 ± 4.84 79.4 ± 3.97 81.3 ± 4.06 

Cabbage  75.2 ± 4.54 77.4 ± 3.09 77.2 ± 3.08 79.2 ± 4.75 

Cauliflower  82.4 ± 2.47 85.3± 3.41 79.4 ± 4.75 87.4 ± 3.47 

White Turnip  71.4 ± 4.99 73.2 ± 2.19 66.4 ± 2.65 77.4 ± 3.09 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in 

triplicate (n = 1 x 3 x 3), (P < 0.05) 

Percent inhibition for BHT and ascorbic acid as positive control, 93.0, 47.0 %, respectively. 
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Table 4.3.4.   Effect of different cooking methods on the reducing power of vegetables 

 
Cooking 

method 

Conc. 

mg/ml 
Peas Carrot Spinach Cabbage Cauliflower White Turnip 

Raw 

0.0 

2.5 

5.0 

7.5 

10.0 

0.005 ± 0.001 

0.378 ± 0.01 

0.489 ± 0.02 

0.642 ± 0.02 

0.766 ± 0.03 

0.004 ± 0.001 

0.285 ± 0.01 

0.313 ± 0.01 

0.350 ± 0.008 

0.391 ± 0.02 

0.006 ± 0.001 

0.658 ± 0.03 

0.914 ± 0.02 

1.070 ± 0.04 

1.524 ± 0.07 

0.007± 0.001 

0.809 ± 0.05 

1.266 ± 0.04 

1.730 ± 0.06 

2.239 ± 0.12 

 

0.006 ± 0.001 

0.642 ± 0.03 

0.928 ± 0.02 

1.193 ± 0.05 

1.611 ± 0.04 

0.009 ± 0.001 

0.408 ± 0.02 

0.541 ± 0.04 

0.687 ± 0.03 

0.786 ± 0.03 

Fried 

0.0 

2.5 

5.0 

7.5 

10.0 

0.009 ± 0.001 

0.479 ± 0.02 

0.581 ± 0.04 

0.818 ± 0.03 

0.910 ± 0.03 

0.012 ± 0.001 

0.595 ± 0.01 

0.755 ± 0.03 

0.903 ± 0.02 

1.156 ± 0.04 

0.012 ± 0.001 

0.783 ± 0.02 

1.098 ± 0.06 

1.497 ± 0.05 

1.923 ± 0.08 

0.014 ± 0.001 

0.987 ± 0.03 

1.478 ± 0.06 

2.058 ± 0.05 

4.066 ± 0.07 

0.007 ± 0.001 

1.148 ± 0.02 

1.771 ± 0.04 

2.800 ± 0.03 

4.067 ± 0.02 

0.013 ± 0.001 

0.688 ± 0.02 

0.977 ± 0.06 

1.206 ± 0.03 

1.376 ± 0.05 

 

Microwave 

0.0 

2.5 

5.0 

7.5 

10.0 

0.007 ± 0.001 

0.436 ± 0.02 

0.573 ± 0.03 

0.705 ± 0.03 

0.822 ± 0.02 

0.005 ± 0.001 

0.368 ± 0.02 

0.527 ± 0.02 

0.633 ± 0.04 

0.750 ± 0.03 

0.009 ± 0.001 

0.487 ± 0.02 

0.725 ± 0.03 

0.914 ± 0.06 

1.103 ± 0.05 

0.009 ± 0.001 

0.594 ± 0.02 

0.613 ± 0.03 

0.863 ± 0.03 

0.928 ± 0.02 

 

0.008 ± 0.001 

0.433 ± 0.03 

0.608 ± 0.02 

0.837 ± 0.04 

1.013 ± 0.06 

 

0.009 ± 0.001 

0.495 ± 0.02 

0.587 ± 0.03 

0.765 ± 0.02 

0.902 ± 0.04 

 

Boiled 

0.0 

2.5 

5.0 

7.5 

10.0 

0.006 ± 0.001 

0.378 ± 0.02 

0.493 ± 0.03 

0.605 ± 0.02 

0.714 ± 0.03 

0.008 ± 0.001 

0.351 ± 0.02 

0.426 ± 0.03 

0.490 ± 0.02 

0.547 ± 0.03 

0.016 ± 0.001 

0.496 ± 0.03 

0.671 ± 0.02 

0.914 ± 0.03 

1.103 ± 0.07 

0.008 ± 0.001 

0.486 ± 0.03 

0.688 ± 0.04 

0.887 ± 0.02 

1.070 ± 0.04 

0.005 ± 0.001 

0.490 ± 0.03 

0.776 ± 0.02 

0.997 ± 0.04 

1.163 ± 0.03 

0.009 ± 0.001 

0.404 ± 0.02 

0.522 ± 0.02 

0.646 ± 0.04 

0.731 ± 0.03 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 
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Part IV 

 

 
 

Figure 4.4.1. HPLC chromatogram showing the separation of pure standards of 

flavonols 
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Figure 4. 4.2. Typical HPLC chromatogram showing the separation of flavonols of 

Aloe vera leaves 
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Figure 4. 4.3. Typical HPLC chromatogram showing the separation of flavonols of 

apricot 
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4.4. Flavonol contents of different plant materials 

Table 4.4.1. Flavonol contents (mg/ kg of dry matter) of different vegetables 
 

Vegetables Myricetin Quercetin Kampeferol 
Total 

flavonols 

Peas 
146.20 ± 4.39 36.42 ± 1.09 15.50 ± 0.46 198.12 

Carrot 525.28 ± 10.50 ND ND 525.28 

Cabbage ND ND 23.86 ± 0.48 23.86 

Cauliflower 1586.96 ± 31.74 ND 17.96 ± 0.36 1603.96 

Spinach 1660.88 ± 33.21 ND 59.61 ± 1.78 1720.49 

Turnip 457.02 ± 18.28 ND 14.71 ± 0.59 471.73 

Onion ND 104.52 ± 4.18 0.27 ± 0.03 104.79 

Garlic ND ND ND ND 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in 

triplicate (n = 1x3 x 3), (P < 0.05) 

ND; Not detected 
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Table 4.4.2. Flavonol contents (mg /kg of dry matter) of different fruits 
 

 

Fruits 

 

Myricetin Quercetin Kampeferol 
Total 

flavonols 

Apple 308.97 ± 12.36 119.53 ± 4.78 31.44 ± 1.26 459.94 

Plum 564.12 ± 11.28 ND 0.65 ± 0.03 564.77 

Apricot 406.88 ± 16.27 322.12 ± 6.44 5.75 ± 0.17 784.75 

Strawberry 3382.87 ± 101.48 ND 192.57 ± 5.77 3575.44 

Mulberry ND 359.43 ± 7.19 284.29 ± 5.68 643.72 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate 

(n = 1 x 3 x 3), (P < 0.05) 

ND; Not detected 
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Table 4.4.3.  Flavonol contents (mg/ kg of dry matter) of 

different medicinal plant organs 

 

Medicinal plant organs Myricetin Quercetin Kampeferol 
Total 

flavonols 

Jaman(bark) ND 1.16 ± 0.04 1.26 ± 0.05 2.42 

Desi kiker(bark) 188.98 ± 3.78 63.37 ± 1.90 21.72 ± 0.65 274.07 

Neem(bark) ND 31.88 ± 1.27 0.51 ± 0.02 32.39 

Arjan(bark) ND 7.74 ± 0.31 8.87 ± 0.26 16.61 

Sohanjana (leaves) 5804.35 ± 116.08 281.02 ± 5.62 40.23 ± 0.80 6125.6 

Sohanjana(root) 170.20 ± 6.81 ND 13.88 ± 0.13 184.08 

Aloevera(leaves) 1283.52 ± 38.51 94.84 ± 2.84 257.68 ± 5.15 1636.04 

Peepal (fruit) 694.01 ± 13.88 256.28 ± 2.56 160.80 ± 4.82 1111.09 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed 

individually in triplicate (n = 1 x 3 x 3), (P < 0.05) 

ND; Not detected 
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Table 4.4.4. Flavonol contents (mg /kg of dry matter) of different agro waste 
material 
 

Agro wastes Myricetin Quercetin Kampeferol Total flavonols 

Rice (bran) ND ND 1.06 ± 0.042 1.06 

Rice (hull) 32.59 ± 0.98 ND ND 32.59 

Wheat (bran) ND 88.75 ± 2.66 52.32 ± 2.09 141.07 

Wheat (husk) ND 107.34 ± 3.22 ND 107.34 

Corn cob ND 102.51 ± 4.10 ND 102.51 

Citrus (peel) 1102.39 ± 44.09 ND ND 1102.39 

Banana (peel) 666.68 ± 20.00 ND ND 666.68 

Pomegranate (peel) 2495.89 ± 24.96 24.11 ± 0.72 102.41 ± 4.09 2622.41 

Apple (peel) 493.44 ± 9.86 415.09 ± 8.30 51.54 ± 1.07 960.07 

Values (mean ± SD) are average of three samples of each agro waste material, analyzed 

individually in triplicate (n = 1 x 3 x 3), (P < 0.05) 

ND; Not detected 

 

 

 

 

 

 

 



 102 

 
 

Figure  4.5.1. Typical HPLC chromatogram showing the separation of mixture of 

pure standards of phenolic acids 
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Figure  4.5.3. Typical HPLC chromatogram showing the separation of phenolic 

acids of Ficus religiosa 
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Figure 4.5.4.  Typical HPLC chromatogram showing the separation of phenolic 

acids of corncob 
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Figure 4.5.5. Typical HPLC chromatogram showing the separation of phenolic acids 

of Moringa oleifera leaves 
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Figure 4.5.6. Typical HPLC chromatogram showing the separation of phenolic acids 

of turnip 
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4.5. Contents of phenolic acids of different plant materials quantified by 

HPLC 
 

Table 4.5.1. Contents of phenolic acids (mg/ kg of dry matter) of different medicinal 

plant organs quantified by HPLC 

 

Medicinal plant 

organs 
Vanillic acid p-coumaric acid Ferulic acid Caffeic acid Sinapic acid 

Syringic 

acid 
Gallic acid 

Moringa 

oleifera leave  
4.7 ± 0.6 

41.3 ± 1.1 

 

26.6 ± 0.9 

 

39.8 ± 1.3 

 

 

28.7 ± 0.9 

 

46.8 ± 1.3 

 
ND 

Moringa 

oleifera root 

1.8 ± 0.3 

 
13.9 ± 0.9 1.5  ± 0.3 

2.5 ± 0.6 

 

1.7 ± 0.4 

 

13.8 ± 0.6 

 

ND 

 

Eugenia 

jambolana bark 
0.05 ± 0.02 0.04 ± 0.02 0.05 ± 0.02 ND ND 0.04 ± 0.2 0.07 ± 0.04 

 Acacia nilotica 

bark 
ND 1.7 ± 0.3 ND 4.9 ± 0.6 ND ND 0.03 ± 0.01 

Azadirachta 

indica bark 
0.3 ± 0.1 0.6 ± 0.2 1.4 ± 0.2 3.5 ± 0.5 0.9 ± 0.2 0.2 ± 0.1 2.1 ± 0.4 

Terminalia 

arjuna bark 
0.08 ± 0..3 ND 0.9 ± 0.3 1.4 ± 0.2 ND 0.05 ± 0.03 ND 

Ficus religiosa 

fruit 
1.9 ± 0.3 5.1 ± 0.5 ND 2.7 ± 0.4 1.6 ± 0.2 ND 2.1 ± 0.02 

Aloe 

barbadensis 

leave 

2.4 ± 0.2 32.7 ± 0.6 16.2 ± 0.9 ND 0.7 ± 0.3 ND ND 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed 

individually in triplicate (n = 1x 3 x 3), (P < 0.05), ND = not detected 
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Table 4.5.2. Contents of phenolic acids (mg/ kg of dry matter) of different agro 

wastes quantified by HPLC 

 

Agro wastes Vanillic acid P-coumaric acid Ferulic acid Caffeic acid Sinapic acid Syringic acid Gallic acid 

Wheat husk 14.7 ± 0.8 21.6 ± 0.8 10.5 ± 0.7 13.2 ± 0.6 21.8 ± 0.6 9.9 ± 0.8 ND 

Wheat bran 16.9 ± 0.9 18.5 ± 0.9 16.2 ± 0.6 54.6 ± 0.9 50.6 ± 1.3 21.3 ± 0.9 ND 

Rice bran 0.06 ± 0.02 2.03 ± 0.11 3.64 ± 0.21 0.04 ± 0.01 ND 0.03 ± 0.02 
0.06 ± 

0.03 

Rice hull 1.22 ± 0.01 1.93 ± 0.08 0.98 ± 0.05 ND ND 0.04 ± 0.02 ND 

Corn cob 2.91 ± 0.33 9.56 ± 0.29 11.9 ± 0.42 0.8 ± 0.2 1.6 ± 0.3 0.8 ± 0.3 ND 

Citrus peel 21.7 ± 0.8 10.4 ± 0.4 54.6 ± 0.9 14.4 ± 0.5 68.7 ± 1.6 1.1 ± 0.5 ND 

Apple peel ND 12.2 ± 0.3 1.4 ± 0.3 31.7 ± 0.9 5.8 ± 0.5 ND ND 

Pomegranate 

peel 
16.7 ± 0.9 54.9 ± 0.8 21.3 ± 0.7 57.1 ± 1.2 ND ND 

23.6 ± 

0.12 

Banana peel ND 0.3 ±  0.1 ND ND 0.2 ± 0.1 ND 2.9 ± 0.2 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in 

triplicate (n = 1x3 x 3), (P < 0.05), ND = not detected 
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Table 4.5.3. Contents of phenolic acids (mg/ kg of dry matter) of different vegetables 

quantified by HPLC 

 

Vegetables Vanillic acid P-coumaric acid Ferulic acid Caffeic acid Sinapic acid Syringic acid Gallic acid 

 

Peas 
3.2 ± 0.2 5.1 ± 0.2 12.2 ± 0.6 2.9 ± 0.3 11.2 ± 0.5 ND ND 

Carrot 1.8 ± 0.1 3.2 ± 001 1.8 ± 0.1 ND 2.7 ± 0.2 ND ND 

Spinach 16.1 ± 0.6 53.1 ± 0.9 15.3 ± 0.8 12.9 ± 0.8 ND 9.8 ± 0.6 ND 

Cauliflower ND 43.3 ± 1.1 12.4 ± 0.6 ND 13.2 ± 0.8 ND 1.2 ± 0.3 

Cabbage 48.1 ± 0.8 15.9 ± 0.8 ND 12.1 ± 0.6 9.3 ± 0.5 0.7 ± 0.1 ND 

Turnip 26.8 ± 0.9 ND 17.2 ± 0.6 13.2 ± 0.7 8.6 ± 0.7 3.2 ± 0.3 ND 

Garlic 0.03± 0.01 0.06 ± 0.02 0.03 ± 0.01 ND ND 0.09 ± 0.02 ND 

Onion 46.9 ± 0.7 36.8 ± 0.8 55.6 ± 1.2 1.3 ± 0.2 25.0 ± 0.6 ND ND 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in 

triplicate (n = 1x3 x 3), (P < 0.05) 
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Table 4.5.4. Contents of phenolic acids (mg/ kg
 
of dry matter) of different fruits 

quantified by HPLC 

 

Fruits Vanillic acid P-coumaric acid Ferulic acid Caffeic acid Sinapic acid Syringic acid Gallic acid 

Strawberry ND 

 

47.5 ± 0.8 

 

14.9 ± 0.5 13.6 ± 0.5 23.3 ± 0.8 ND 5.6 ± 0.1 

Mulberry 16.9 ± 0.4 22.4 ± 0.4 32.9 ± 0.6 11.9 ± 0.3 ND 12.7 ± 0.5 ND 

Plum ND 2.3 ± 0.2 13.6 ± 0.3 32.8 ± 0.7 ND ND 2.6 ± 0.2 

Apple ND 10.2 ± 0.2 0.9 ± 0.3 26.1 ± 0.5 3.1 ± 0.2 ND ND 

Apricot ND 23.6 ± 0.4 13.9 ± 0.5 6.7 ±  0.7 ND ND 4.54 ± 0.1 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate 

(n = 1x3 x 3), (P < 0.05), ND = not detected 
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Part V 

 

 
Figure 4.6.1. Typical GC-MS chromatogram showing the separation of phenolic 

acids of pomegranate peel 
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Figure 4.6.2. Typical GC-MS chromatogram showing the separation of phenolic 

acids of apple fruit 
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Figure 4.6.3. Typical GC-MS chromatogram showing the separation of phenolic 

acids of cabbage 
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Figure 4.6.4. Typical GC-MS chromatogram showing the separation of phenolic 

acids of onion 
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Figure 4.6.5. Typical GC-MS chromatogram showing the separation of phenolic 

acids of Acacia nilotica bark 

 

 

 

 

 

 

 

 
 



 116 

 
 

Figure 4.6.6. Typical GC-MS chromatogram showing the separation of phenolic 

acids of wheat bran 
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4.6. Contents of phenolic acids of different plant materials quantified by GC-MS 

 
Table 4.6.1. Contents of phenolic acids (mg/ kg of dry matter) of different medicinal plant organs quantified by GC-MS 

 

Medicinal plant 

organs 
Ben A Cinn A P-hyd A Van A P-cou Fer A Caf A Sin A Syr A Proto A 

Moringa 

oleifera leave 

 

1.6 ± 0.2 2.9 ± 0.3 0.9 ± 0.2 4.9 ± 0.6 41.1 ± 1.6 26.3 ± 1.1 39.6 ± 1.3 28.4 ± 0.9 46.9 ± 1.6 4.6 ±  0.8 

Moringa 

oleifera root 
0.2 ± 0.1 1.0 ± 0.2 0.06 ± 0.03 1.3 ± 0.2 13.5 ± 0.9 1.3 ± 0.3 2.1± 0.6 1.9 ± 0.3 13.4 ± 0.6 0.4 ± 0.2 

Eugenia 

jambolana bark 
0.8 ± 0.3 0.06 ± 0.02 0.02 ± 0.01 0.07 ±  0.03 0.02 ± 0.01 0.06 ± 0.03 ND ND 0.03 ± 0.01 0.5 ± 0.01 

 Acacia nilotica 

bark 
ND 2.6 ± 0.6 0.4 ± 0.2 ND 1.5 ±  0.3 ND 4.7 ± 0.5 ND ND 2.6 ± 0.5 

Azadirachta 

indica bark 

0.3 ± 0.1 0.9 ± 0.2 0.07 ±  0.03 0.2 ± 0.1 0.8 ± 0.2 1.2 ± 0.3 3.2 ± 0.4 0.6 ± 0.2 0.3 ± 0.1 0.4 ± 0.1 

Terminalia 

arjuna bark 

ND 0.08 ± 0.03 0.04 ± 0.02 0.09 ± 0.04 0.05 ± 0.02 0.8 ± 0.4 1.1 ± 0.2 0.05 ± 0.02 0.06 ± 0.02 ND  

Ficus religiosa 

fruit 

ND 1.8 ± 0.6 2.7 ± 0.6 1.6 ± 0.5 4.9 ± 0.5 4.8 ± 0.8 2.3 ± 0.5 1.9 ± 0.6 ND  0.7 ± 0.2 

Aloevera 

leaves 

1.1 ± 0.4 1.6 ± 0.4 ND 2.1 ± 0.3 32.6 ± 1.2 16.3 ± 0.9 11.3 ± 0.8 0.9 ± 0.4 1.6 ± 0.5 0.6 ± 0.2 

Values (mean ± SD) are average of three samples of each medicinal plant organ, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

ND = not detected, Ben A= benzoic acid, Cinn A= cinamic acid, P-hyd A=P-hydroxybenzoic acid, Van A= vanillic acid, P-cou= P-coumaric acid, 

Fer A= ferulic acid, Caf A= caffeic acid, Sin A= sinapic acid, Syr A= syringic acid, and Proto A- protocatechuic acid. 
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        Table 4.6.2. Contents of phenolic acids (mg/ kg of dry matter) of different agro wastes quantified by GC-MS 

 

Agro wastes Ben A Cinn  A P-hyd A Van A P-cou Fer A Caf A Sin A Syr A Proto A 

Wheat husk ND 10.6 ± 0.6 ND 19.3 ± 0.6 21.9 ±0.9 14.6 ±0.2 13.9±0.6 21.4±0.8 9.6±0.6 ND 

Wheat bran ND 56.3 ± 1.8 21.9± 0.8 16.7±0.7 18.7±0.8 16.5 ±0.8 54.8±1.2 50.1±1.9 20.9±0.8 ND 

Rice bran 0.03± 0.01 0.02± 0.01 0.03± 0.01 0.05±0.02 0.02±0.01 0.06 ±0.01 0.03±0.01 0.04±0.02 0.02±0.01 ND 

Rice hull ND 0.03± 0.02 0.02± 0.01 0.0±0.01 0.03±0.02 0.02 ±0.02 0.05±0.02 ND ND 0.02±0.01 

Corn cob ND 6.3 ± 0.4 3.9 ± 0.3 9.6 ±0.6 2.3± 0.4 1.3 ±0.4 0.9±0.2 1.1±0.3 0.9±0.3 0.6±0.2 

Citrus peel ND 1.3 ± 0.3 ND 21.3 ±0.8 10.6± 0.6 54.2 ±1.2 14.9±0.6 68.9±1.6 0.9±0.2 ND 

Apple peel 1.2 ± 0.3 6.3 ± 0.5 26.3 ± 0.6 21.9 ±0.6 12.7± 0.5 1.6 ±0.3 31.9±0.8 5.6±0.2 ND 5.3±0.6 

Pomegranate 

peel 
21.9 ± 0.8 34.5 ± 0.9 46.3 ± 0.8 16.4 ±0.4 54.3± 1.8 21.6 ±0.6 56.8±0.9 20.9±0.8 ND 24.1±0.8 

Banana peel 0.6 ± 0.02 0.2 ± 0.1 1.6 ± 0.4 ND 0.4 ± 0.2 ND ND 0.1±0.09 0.2±0.1 0.4±0.2 

Values (mean ± SD) are average of three samples of each agro waste, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

ND = not detected, Ben A= benzoic acid, Cinn A= cinamic acid, P-hyd A=P-hydroxybenzoic acid, Van A= vanillic acid,  

P-cou= P-coumaric acid, Fer A= ferulic acid, Caf A= caffeic acid, Sin A= sinapic acid, Syr A= syringic acid, and Proto A- protocatechuic acid. 
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Table 4.6.3. Contents of phenolic acids (mg/ kg of dry matter) of different vegetables quantified by GC-MS 

 

Vegetables Ben A Cinn A P-hyd A Van A P-cou Fer A Caf A Sin A Syr A Proto A 

Peas 1.3 ± 0.4 0.9 ± 0.3 1.8 ± 0.5 2.9 ± 0.3 4.8 ± 0.4 11.6 ± 0.6 2.3 ± 0.3 10.6 ± 0.7 1.9 ± 0.2 2.6 ± 0.4 

Carrot ND ND 0.6 ± 0.2 1.5 ± 0.2 2.9 ± 0.3 1.3 ± 0.2 ND 2.1 ± 0.2 ND 2.0 ± 0.2 

Spinach ND ND 4.9 ± 0.5 15.9 ± 0.6 52.6 ± 1.3 14.6 ± 0.3 12.3 ± 0.5 10.9 ± 0.4 9.6 ± 0.4 2.8 ± 0.5 

Cauliflower 0.9 ± 0.2 1.8 ± 0.4 7.9 ± 0.7 25.3 ± 0.9 42.9 ± 0.8 11.6 ± 0.5 ND 12.8 ± 0.6 ND 2.1± 0.2 

Cabbage ND ND 7.8 ± 0.3 47.6 ± 0.8 15.2 ± 0.4 12.9 ± 0.4 11.7 ± 0.6 8.9 ± 0.5 ND 4.3 ± 0.2 

Turnip 0.6 ± 0.3 1.7 ± 0.6 2.9 ± 0.2 26.3 ± 0.6 ND 16.9 ± 0.3 12.8 ± 0.4 8.2 ± 0.4 2.7 ± 0.3 ND 

Garlic ND ND 0.06 ± 0.01 0.05 ± 0.01 0.08 ± 0.02 0.02 ± 0.01 ND ND 0.07 ± 0.02 0.02 ± 0.01 

Onion 4.9 ± 0.6 8.9 ± 0.7 4.2 ± 0.3 46.3 ± 0.9 36.5 ± 0.8 55.2 ± 1.3 21.6 ± 0.6 24.9 ± 0.5 1.6 ± 0.4 0.6 ± 0.2 

Values (mean ± SD) are average of three samples of each vegetable, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

ND = not detected, Ben A= benzoic acid, Cinn A= cinamic acid, P-hyd A=P-hydroxybenzoic acid, Van A= vanillic acid, P-cou= P-coumaric acid, 

Fer A= ferulic acid, Caf A= caffeic acid, Sin A= sinapic acid, Syr A= syringic acid, and Proto A- protocatechuic acid. 
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        Table 4.6.4. Contents of phenolic acids (mg/ kg
 
of dry matter) of different fruits quantified by GC-MS 

 

Fruits Ben A Cinn A P-hyd A Van A P-cou Fer A Caf A Sin A Syr A Proto A 

Strawberry 1.2 ± 0.2 2.9 ± 0.5 6.3 ± 0.5 ND 14.6 ± 0.6 46.9 ± 1.2 12.9 ± 0.5 23.1± 0.6 11.6±0.6 15.6± 0.6 

Mulberry 0.9 ± 0.3 2.1± 0.2 12.3± 0.4 16.3±0.8 21.9± 0.5 32.6 ± 0.8 11.8 ± 0.3 ND 12.3±0.5 0.9 ± 0.4 

Plum 0.1 ± 0.02 0.9 ± 0.3 16.3± 0.6 2.8 ± 0.4 1.9 ± 0.3 12.9 ± 0.3 32.6 ± 0.8 41.6 ± 1.3 12.9±0.4 12.6± 0.5 

Apple ND 2.9 ± 0.4 21.6± 0.5 18.3±0.6 13.2 ± 0.4 2.3 ± 0.2 26.9 ± 0.9 6.3 ± 0.6 ND 2.6 ± 0.2 

Apricot ND ND 1.6 ± 0.2 2.9 ± 0.5 12.8 ± 0.5 13.6  0.8 4.9 ± 0.3 10.6 ± 0.5 1.9 ± 0.2 0.9 ± 0.3 

Values (mean ± SD) are average of three samples of each fruit, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05) 

ND = not detected, Ben A= benzoic acid, Cinn A= cinamic acid, P-hyd A=P-hydroxybenzoic acid, Van A= vanillic acid, P-cou= P-coumaric acid, 

Fer A= ferulic acid, Caf A= caffeic acid, Sin A= sinapic acid, Syr A= syringic acid, and Proto A- protocatechuic acid. 
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Part VI 

4.7. Antioxidant potential of 80% methanolic extracts of agro wastes for preservation of vegetable oils under 

accelerated and ambient storage  
Table 4.7.1.  Peroxide value (meq/kg of oil) of stabilized and control corn oil (CO) under accelerated storage (oven heating, 60 
o
C; heating cycle, 8 hours per day) 

                                                         Incubation period  (days) 

Samples 0 5 10 15 20 25 30 

Increase in PV 

(relative to control) 

of CO from initial 

after 30 days 

%decline (relative to 

control) in PV of  

CO after 30 days 

CO-C 0.71 ± 0.04 5.92 ± 0.45 7.64 ± 0.46 9.55 ± 0.91 13.71 ± 0.83 16.36 ± 1.12 21.44 ± 0.76 20.73 ----- 

CO-BHT 0.66 ± 0.02 1.33 ± 0.17 3.28 ± 0.22 6.26 ± 0.49 7.95 ± 0.71 8.24 ± 0.61 9.93 ± 0.90 9.27 55.3 

CO-PP    0.59 ± 0.03 0.79 ± 0.08 1.92 ± 0.11 2.88 ± 0.21 4.54 ± 0.32 5.69 ± 0.28 6.81 ± 0.39 6.22 70.0 

CO-AP     0.61 ± 0.06 0.82 ±0. 09 2.87 ± 0.25 3.26 ± 0.27 5.82 ± 0.36 6.56 ± 0.52 7.94 ± 0.48 7.33 64.4 

CO-WH     0.69 ± 0.03 4.26 ± 0.37 5.93 ± 0.41 7.34 ± 0.32 8.91 ± 0.49 10.62 ± 0.86 11.32 ± 0.72 10.63 48.8 

CO-WB    0.66 ± 0.06 2.38 ± 0.18 4.82 ± 0.33 5.91 ± 0.41 7.76 ± 0.24 8.63 ± 0.67 10.28 ± 0.86 9.62 53.6 

CO-BP       0.65 ± 0.04 1.41 ± 0.08 3.84 ± 0.26 4.95 ± 0.22 6.83 ± 0.38 7.84 ± 0.51 9.26  ± 0.66 8.62 58.4 

CO-RB 0.67 ± 0.05 2.94 ± 0.12 5.76 ± 0.39 6.64 ± 0.41 8.28 ± 0.59 9.33 ± 0.42 10.77 ± 0.79 10.1 51.3 

CO-CC      0.66 ± 0.02 1.86 ± 0.07 4.33 ± 0.26 5.23 ± 0.23 7.55 ± 0.45 8.19 ± 0.60 9.83 ± 0.57 9.17 55.8 

CO-RH      0.70 ± 0.03 4.83 ± 0.26 6.17 ± 0.45 7.86 ± 0.52 9.36 ± 0.61 11.24 ± 0.88 12.65 ± 0.69 11.95 42.5 

CO-CP 0.64 ± 0.08 1.09 ± 0.06 3.14 ± 0.28 5.65 ± 0.39 6.29 ± 0.40 7.26 ± 0.61 8.61 ± 0.48 7.97 61.6 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.2. Conjugated dienes (CD) contents (ε1cm (λ 232 nm) of stabilized and control corn oil (CO) under accelerated storage 

(oven heating, 60 
o
C; heating cycle, 8 hours per day) 

 Incubation period (days)   

Samples 0 5 10 15 20 25 30 

Increase in CD 

(relative to control)   

of CO from initial 

after 30 days  

%decline(relative to 

control) in CD of  

CO after 30 days 

CO-C 1.36 ± 0.11 4.55 ± 0.26 7.27 ± 0.39 9.85 ± 0.69 11.62 ± 0.72 14.43 ± 0.55 17.29 ± 0.49 15.93 ----- 

CO-BHT 1.23 ± 0.09 3.63 ± 0.16 3.91 ± 0.21 4.96 ± 0.33 5.84 ± 0.32 6.71 ± 0.56 7.23 ± 0.50 6.0 62.3 

CO-PP    1.12 ± 0.08 1.92 ± 0.20 2.28 ± 0.22 2.82 ± 0.11 3.65 ± 0.35 4.29 ± 0.32 5.61 ± 0.32 4.49 71.8 

CO-AP     1.19 ± 0.12 2.31 ± 0.21 2.94 ± 0.23 3.47 ± 0.24 4.33 ± 0.63 5.25 ± 0.40 6.16 ± 0.60 4.97 68.8 

CO-WH     1.31 ± 0.06 3.86 ± 0.18 6.36 ± 0.36 6.81 ± 0.52 7.46 ± 0.52 9.14 ± 0.66 10.63 ± 0.55 9.32 41.5 

CO-WB    1.29 ± 0.08 3.64 ± 0.22 4.45 ± 0.31 5.66 ± 0.34 6.39 ± 0.41 8.26 ± 0.62 7.99 ± 0.42 6.7 57.9 

CO-BP       1. 21 ± 0.05 3.21 ± 0.15 3.75 ± 0.26 4.59 ± 0.38 5.36 ± 0.27 6.53 ± 0.32 6.82 ± 0.56 5.61 64.8 

CO-RB 1.30 ± 0.03 3.83 ± 0.39 4.63 ± 0.32 5.91 ± 0.44 6.83 ± 0.35 9.11 ± 0.61 9.91 ± 0.52 8.61 45.9 

CO-CC      1.26 ± 0.09 3.44 ± 0.26 3.92 ± 0.22 4.86 ± 0.31 5.77 ± 0.32 6.72 ± 0.44 7.23 ± 0.51 5.97 62.5 

CO-RH      1.33 ± 0.13 3.91 ± 0.29 6.79 ± 0.36 7.25 ± 0.46 7.60 ± 0.34 9.46 ± 0.50 11.16 ± 0.48 9.83 38.3 

CO-CP 1.18 ± 0.05 2.87 ± 0.12 3.36 ± 0.29 3.93 ± 0.26 4.87 ± 0.19 5.92 ± 0.59 6.74 ± 0.33 5.56 65.1 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.3.Conjugated trienes (CT) contents (ε1cm (λ 268 nm) of stabilized and control corn oil (CO) under accelerated storage 

(oven heating, 60 
o
C; heating cycle, 8 hours per day) 

 Incubation period (days)   

Samples 0 5 10 15 20 25 30 

Increase in CT 

(relative to control)  

of CO from initial 

after 30 days  

%decline(relative to 

control) in CT of  CO  

after 30  days 

CO-C 0.75 ± 0.02 2.99 ± 0.26 4.83 ± 0.38 6.36 ± 0.44 8.93 ± 0.37 10.26 ± 0.61 12.13 ± 0.56 11.38 ----- 

CO-BHT 0.61 ± 0.07 1.82 ± 0.13 2.39 ± 0.19 2.51 ± 0.27 3.24 ± 0.29 4.93 ± 0.34 6.55 ± 0.28 5.94 47.8 

CO-PP    0.61 ± 0.08 0.86 ± 0.09 1.22 ± 0.10 1.93 ± 0.18 2.35 ± 0.16 3.55 ± 0.25 5.27 ± 0.34 4.66 59.1 

CO-AP     0.63 ± 0.03 1.13 ± 0.18 1.66 ± 0.08 2.26 ± 0.19 2.62 ± 0.22 3.92 ± 0.17 5.62 ± 0.23 4.99 56.2 

CO-WH     0.73 ± 0.06 2.56 ± 0.21 3.83 ± 0.28 3.81 ± 0.20 4.49 ± 0.31 6.19 ± 0.26 7.74 ± 0.55 7.11 37.5 

CO-WB    0.69 ± 0.02 1.93 ± 0.19 2.56 ± 0.24 3.38 ± 0.16 3.95 ± 0.29 5.65 ± 0.33 6.91 ± 0.49 6.24 45.2 

CO-BP       0.66 ± 0.07 1.62 ± 0.24 2.19 ± 0.26 2.52 ± 0.18 3.18 ± 0.09 4.83 ± 0.21 6.36 ± 0.50 5.7 49.9 

CO-RB 0.71 ± 0.05 2.39 ± 0.07 2.82 ± 0.12 3.61 ± 0.46 4.27 ± 0.29 5.76 ± 0.33 7.25 ± 0.41 6.54 42.5 

CO-CC      0.67 ± 0.04 1.81 ± 0.18 2.56 ± 0.22 2.74 ± 0.20 3.63 ± 0.31 4.92 ± 0.36 6.64 ± 0.56 5.97 47.5 

CO-RH      0.73 ± 0.05 2.53 ± 0.26 3.45 ± 0.42 4.16 ± 0.29 4.91 ± 0.39 6.35 ± 0.47 8.33 ± 0.42 7.6 33.2 

CO-CP 0.65 ± 0.03 1.37 ± 0.16 1.93 ± 0.18 2.45 ± 0.16 2.54 ± 0.21 4.24 ± 0.28 5.91 ± 0.36 5.26 53.8 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 
CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.4.  P-anisidine value (P-AV) of stabilized and control corn oil of stabilized and control corn oil (CO) under 

accelerated storage (oven heating, 60 
o
C; heating cycle, 8 hours per day) 

 Incubation period (days)   

Samples 0 5 10 15 20 25 30 

Increase in P-

AV(relative to 

control)  of  CO 

from initial 

after 30 days  

% decline (relative  

to control) in    CT  

of  CO after 30   

days  

Control 0.71 ± 0.04 2.33 ± 0.26 3.16 ± 0.32 4.69 ± 0.28 6.72 ± 0.39 7.93 ± 0.42 9.32 ± 0.37 8.61 ----- 

CO-BHT 0.65 ± 0.05 1.12 ± 0.08 1.61 ± 0.11 2.54 ± 0.19 3.44 ± 0.17 4.65  ± 0.23 6.39 ± 0.26 5.74 33.3 

CO-PP    0.61 ± 0.03 0.76 ± 0.09 1.08 ± 0.08 1.63 ± 0.09 2.39 ± 0.21 3.62 ± 0.15 4.81 ± 0.21 4.2 51.2 

CO-AP     0.62 ± 0.07 0.93 ± 0.07 1.33 ± 0.12 2.12 ± 0.16 2.95 ± 0.19 4.26 ± 0.34 5.45   ± 0.41 4.83 43.9 

CO-WH     0.69 ± 0.04 1.72 ± 0.11 2.45 ± 0.21 3.81 ± 0.28 4.64 ± 0.36 5.91 ± 0.29 7.32 ± 0.22 6.63 23.0 

CO-WB    0.65 ± 0.02 1.39 ± 0.09 1.92 ± 0.11 3.46 ± 0.30 3.91 ± 0.29 5.33 ± 0.30 6.86 ± 0.34 6.21 27.9 

CO-BP       0.64 ± 0.04 1.18 ± 0.08 1.75 ± 0.16 2.65 ± 0.26 3.54 ± 0.18 4.72 ± 0.32 6.17 ± 0.26 5.53 35.8 

CO-RB 0.69 ± 0.05 1.33 ± 0.07 2.21 ± 0.13 3.51 ± 0.34 4.22 ± 0.32 5.64 ± 0.29 7.12 ± 0.45 6.43 25.3 

CO-CC      0.66 ± 0.04 1.28 ± 0.12 1.74 ± 0.10 2.92 ± 0.21 3.61 ± 0.20 4.82 ± 0.26 6.39 ± 0.32 5.73 33.4 

CO-RH      0.68 ± 0.03 1.81 ± 0.17 2.63 ± 0.20 4.09 ± 0.30 5.34 ± 0.42 6.26 ± 0.40 7.64 ± 0.30 6.96 19.2 

CO-CP 0.63 ± 0.05 0.93 ± 0.06 1.55 ± 0.16 2.33 ± 0.19 3.16 ± 0.16 4.43 ± 0.31 5.81 ± 0.23 5.18 39.8 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)    

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.5.  Peroxide value (meq/kg of oil) of stabilized and control corn oil (CO) under accelerated storage (microwave oven 

heating at medium power setting) 
 Incubation period (mintues)   

Samples 0 3 6 9 12 15 18 

Increase in PV 

(relative to control) 

of CO from initial 

after 18 min 

%decline(relative to 

control) in PV of  

CO after 18 min 

CO-C 0.71 ± 0.04 5.87 ± 0.26 7.52 ± 0.21 9.43 ± 0.52 12.16 ± 0.37 15.89 ± 0.86 20.92 ± 0.61 20.21  

CO-BHT 0.66 ± 0.02 1.26 ± 0.13 3.66 ±0.18 5.96 ± 0.37 7.89 ± 0.68 8.02 ± 0.59 9.49 ± 0.92 8.77 56.6 

CO-PP    0.59 ± 0.03 0.70 ± 0.06 1.73 ± 0.12 2.61 ± 0.16 4.43 ± 0.21 5.52 ± 0.17 6.37 ± 0.36 5.78 56.2 

CO-AP     0.61 ± 0.06 0.76 ± 0.08 2.58 ± 0.23 3.35 ± 0.28 5.67 ± 0.32 6.48 ± 0.46 7.90 ± 0.32 7.29 63.9 

CO-WH     0.69 ± 0.03 4.11 ± 0.21 5.86 ± 0.30 7.17 ± 0.23 8.72 ± 0.37 10.52 ± 0.72 10.93 ± 0.68 10.24 49.3 

CO-WB    0.66 ± 0.06 2.27 ± 0.07 4.57 ± 0.21 5.68 ± 0.26 7.58 ± 0.13 8.54 ± 0.53 9.93 ± 0.47 9.27 54.1 

CO-BP       0.65 ± 0.04 1.32 ± 0.08 3.71 ± 0.17 4.66 ± 0.25 6.68 ± 0.32 7.67 ± 0.41 8.97 ± 0.52 8.32 58.8 

CO-RB 0.67 ± 0.05 2.77 ± 0.14 5.68 ± 0.28 6.51 ± 0.19 8.12 ± 0.36 9.26 ± 0.32 10.24 ± 0.32 9.57 52.6 

CO-CC      0.66 ± 0.02 1.66 ± 0.09 4.29 ± 0.13 5.10 ± 0.21 7.38 ± 0.58 8.11 ± 0.47 9.89 ± 0.47 9.23 54.3 

CO-RH      0.70 ± 0.03 4.32 ± 0.17 5.86 ± 0.22 7.37 ± 0.42 9.17 ± 0.76 11.18 ±0.62 12.19 ± 0.62 11.49 43.1 

CO-CP 0.64 ± 0.08 0.98 ± 0.06 2.97 ± 0.21 5.42 ± 0.26 6.10 ± 0.56 7.12 ± 0.41 8.23 ± 0.41 7.59 62.4 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.6. Conjugated dienes (CD) contents (ε1cm (λ 232 nm) of stabilized and control corn oil (CO) under accelerated storage 

(microwave oven heating at medium power setting) 

 Incubation period (mintues)   

Samples 0 3 6 9 12 15 18 

Increase in CD 

(relative to control)  

of CO from initial 

after 18 min 

%decline(relative to 

control) in CD of  

CO after 18 min 

CO-C 1.36 ± 0.11 4.42 ± 0.21 7.10 ± 0.36 9.62 ± 0.62 11.31 ± 0.58 14.02 ± 0.46 17.02 ± 0.52 15.65  

CO-BHT 1.23 ± 0.09 3.55 ± 0.21 3.83 ± 0.18 4.79 ± 0.23 5.73 ±  0.32 6.68 ± 0.147 7.05 ± 0.42 5.82 62.8 

CO-PP    1.12 ± 0.08 1.82 ± 0.16 2.19 ± 0.14 2.73 ± 0.08 3.55 ± 0.21 4.17 ± 0.19 5.78 ± 0.26 4.66 70.2 

CO-AP     1.19 ± 0.12 2.26 ± 0.15 2.86 ± 0.12 3.32 ± 0.17 4.26 ± 0.26 5.12 ± 0.14 6.02 ± 0.37 4.83 69.1 

CO-WH     1.31 ± 0.06 3.77 ± 0.21 6.27 ± 0.39 6.73 ± 0.46 7.38 ± 0.37 9.02 ± 0.62 10.4 ± 0.55 9.09 41.9 

CO-WB    1.29 ± 0.08 3.57 ± 0.13 4.37 ± 0.27 5.52 ±  0.26 6.28 ± 0.28 8.11 ± 0.46 7.81 ± 0.36 6.52 58.3 

CO-BP       1. 21 ± 0.05 3.22 ± 0.12 3.79 ± 0.20 4.62 ± 0.17 5.39 ± 0.23 6.58 ± 0.26 6.90 ± 0.47 5.75 63.2 

CO-RB 1.30 ± 0.03 3.78 ± 0.27 4.51 ± 0.18 5.83 ± 0.20 6.72 ± 0.24 8.96 ± 0.45 9.70 ± 0.37 8.40 46.3 

CO-CC      1.26 ± 0.09 3.29 ± 0.21 3.86 ± 0.32 4.72 ± 0.26 5.62 ± 0.33 6.67 ± 0.37 7.09 ± 0.42 5.83 62.7 

CO-RH      1.33 ± 0.13 3.80 ± 0.26 6.52 ± 0.31 7.21 ± 0.48 7.46 ± 0.27 9.26 ± 0.42 10.89 ± 0.34 9.56 38.9 

CO-CP 1.18 ± 0.05 2.88 ± 0.09 3.33 ± 0.12 3.96 ± 0.10 4.82 ± 0.22 5.80 ± 0.31 6.72 ± 0.28 5.54 64.6 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.7.Conjugated trienes (CT) contents (ε1cm (λ 268 nm) of stabilized and control corn oil (CO) under accelerated storage 

(microwave oven heating at medium power setting) 

 Incubation period (mintues)   

Samples 0 3 6 9 12 15 18 

Increase in CT 

(relative to control)   

of CO from initial 

after 18 min 

%decline(relative to 

control) in CT of  CO  

after 18 min 

CO-C 0.75 ± 0.02 2.82 ± 0.21 4.72 ± 0.37 6.21 ± 0.32 8.82 ± 0.38 10.02 ± 0.54 11.89 ± 0.47 11.14  

CO-BHT 0.61 ± 0.07 1.73 ± 0.07 2.28 ± 0.11 2.43 ± 0.23 3.16 ± 0.21 4.83 ± 0.32 6.38 ± 0.20 5.77 48.0 

CO-PP    0.61 ± 0.08 0.81 ± 0.05 1.18 ± 0.09 1.87 ± 0.11 2.28 ± 0.08 3.46 ± 0.21 5.03 ± 0.32 4.42 60.3 

CO-AP     0.63 ± 0.03 1.09 ± 0.03 1.52 ± 0.12 2.11 ± 0.09 2.51 ± 0.21 3.79 ± 0.16 5.44 ± 0.21 4.81 56.8 

CO-WH     0.73 ± 0.06 2.49 ± 0.08 3.62 ±  0.27 3.77 ± 0.13 4.31 ± 0.27 6.08 ± 0.21 7.62 ± 0.47 6.89 38.1 

CO-WB    0.69 ± 0.02 1.82 ± 0.06 2.47 ± 0.21 3.26 ± 0.17 3.86 ± 0.23 5.57 ± 0.28 6.71 ± 0.41 6.02 45.9 

CO-BP       0.66 ± 0.07 1.51 ± 0.17 2.06 ± 0.24 2.42 ± 0.17 2.99 ± 0.12 4.72 ± 0.18 6.17 ± 0.47 5.51 50.5 

CO-RB 0.71 ± 0.05 2.28 ± 0.12 2.71 ± 0.13 3.49 ± 0.37 4.18 ± 0.21 5.68 ± 0.32 7.02 ± 0.32 6.31 43.3 

CO-CC      0.67 ± 0.04 1.72 ± 0.09 2.42 ± 0.21 2.66 ± 0.18 3.55 ± 0.27 4.81 ± 0.18 6.45 ± 0.43 5.78 48.1 

CO-RH      0.73 ± 0.05 2.47 ± 0.21 3.37 ± 0.37 4.06 ± 0.23 4.82 ± 0.33 6.29 ± 0.23 8.10 ± 0.37 7.37 33.8 

CO-CP 0.65 ± 0.03 1.32 ± 0.11 1.81 ± 0.13 2.37 ± 0.14 2.42 ± 0.17 4.12 ± 0.21 5.75 ± 0.28 5.10 54.2 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 
CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.8.  P-anisidine value (P-AV) of stabilized and control corn oil of stabilized and control corn oil (CO) under 

accelerated storage (microwave oven heating at medium power setting) 

 Incubation period (mintues)   

Samples 0 3 6 9 12 15 18 

Increase in P-

AV (relative to 

control)  of  CO 

from initial 

after 18 min 

% decline 

(relative to control) in  

CT of CO after 18 

min  

CO-C 0.71 ± 0.04 2.27 ± 0.24 3.11 ± 0.33 4.52 ± 0.29 6.61 ± 0.41 7.79 ± 0.41 9.28 ± 0.35 8.57  

CO-BHT 0.65 ± 0.05 1.08 ±  0.06 1.56 ± 0.12 2.46 ±  0.20 3.39 ± 0.16 4.52 ± 0.22 6.31 ± 0.27 5.66 33.9 

CO-PP    0.61 ± 0.03 0.70 ±  0.08 1.02 ±  0.09 1.51 ±  0.11 2.32 ± 0.22 3.50 ± 0.15 4.73 ± 0.22 4.12 51.9 

CO-AP     0.62 ± 0.07 0.86 ±  0.06 1.26 ±  0.11 2.02 ±  0.14 2.86 ± 0.20 4.21 ± 0.33 5.39 ± 0.40 4.77 44.3 

CO-WH     0.69 ± 0.04 1.67 ±  0.11 2.39 ±  0.20 3.73 ±  0.25 4.55 ± 0.33 5.86 ± 0.28 7.24 ± 0.21 6.55 23.5 

CO-WB    0.65 ± 0.02 1.31 ±  0.10 1.84 ± 0.12 3.39 ±  0.32 3.82 ± 0.27 5.27 ± 0.33 6.78 ± 0.36 6.13 28.4 

CO-BP       0.64 ± 0.04 1.13 ± 0.05 1.66 ± 0.14 2.52 ± 0.25 3.41 ± 0.19 4.66 ± 0.31 6.11 ± 0.25 5.47 36.1 

CO-RB 0.69 ± 0.05 1.28 ± 0.06 2.17 ± 0.11 3.43 ± 0.31 4.16 ± 0.33 5.52 ± 0.29 7.04 ± 0.41 6.35 25.8 

CO-CC      0.66 ± 0.04 1.22 ± 0.14 1.62 ± 0.09 2.83 ± 0.22 3.55 ± 0.17 4.77 ± 0.24 6.32 ± 0.33 5.66 33.9 

CO-RH      0.68 ± 0.03 1.76 ± 0.15 2.54 ± 0.17 3.98 ± 0.29 5.26 ± 0.41 6.20 ± 0.41 7.57 ± 0.31 6.89 19.6 

CO-CP 0.63 ± 0.05 0.84 ± 0.04 1.43 ± 0.05 2.26 ± 0.17 3.09 ± 0.13 4.38 ± 0.32 5.70 ± 0.23 5.07 40.3 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.9.  Peroxide value (meq/kg of oil) of stabilized and control corn oil (CO) under ambient storage (room temperature) 
 Incubation period (months)   

Samples 0 1 2 3 4 5 6 

Increase in PV  

of CO from initial 

after 6 months 

%decline(relative to 

control) in PV of  

CO after 6 months 

CO-C 0.71 ± 0.04 5.71 ± 0.41 7.40 ± 0.28 9.31 ± 0.46 11.66 ± 0.37 15.02 ± 076 20.87 ± 0.61 20.16  

CO-BHT 0.66 ± 0.02 1.22 ± 0.11 3.63 ± 0.16 5.89 ± 0.38 7.83 ± 0.68 7.89 ± 0.52 9.49 ± 0.86 8.83 56.2 

CO-PP    0.59 ± 0.03 0.65 ± 0.07 1.65 ± 0.09 2.58 ± 0.13 4.29 ± 0.21 5.46 ± 0.16 6.25 ± 0.28 5.66 71.9 

CO-AP     0.61 ± 0.06 0.70 ± 0.09 2.54 ± 0.16 3.29 ± 0.21 5.61 ± 0.19 6.42 ± 0.32 7.58 ± 0.29 6.97 65.4 

CO-WH     0.69 ± 0.03 4.02 ± 0.18 5.79 ± 0.27 7.09 ± 0.20 8.68 ± 0.28 10.46 ± 0.19 10.81 ± 0.72 10.12 49.8 

CO-WB    0.66 ± 0.06 2.21 ± 0.11 4.51 ±  0.23 5.63 ± 0.18 5.53 ± 0.30 8.50 ± 0.41 9.79 ± 0.46 9.13 54.7 

CO-BP       0.65 ± 0.04 1.28 ± 0.06 3.65 ±  0.16 4.59 ± 0.26 6.62 ± 0.18 7.63 ± 0.38 8.85 ± 0.17 8.20 59.3 

CO-RB 0.67 ± 0.05 2.69 ± 0.13 5.62 ± 0.21 6.48 ± 0.26 8.06 ± 0.36 9.21 ± 0.32 10.10 ± 0.62 9.43 53.2 

CO-CC      0.66 ± 0.02 1.53 ± 0.06 4.21 ± 0.16 5.06 ± 0.28 7.33 ± 0.32 8.03 ± 0.46 9.36 ± 0.45 8.70 56.8 

CO-RH      0.70 ± 0.03 4.26 ± 0.18 5.80 ± 0.23 7.32 ± 0.31 9.12 ± 0.46 11.16 ± 0.57 12.02 ± 0.57 11.32 43.8 

CO-CP 0.64 ± 0.08 0.89 ± 0.09 2.95 ± 0.18 5.38 ± 0.29 6.02 ± 0.32 7.08 ± 0.38 8.11 ± 0.49 7.47 62.9 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.10. Conjugated dienes (CD) contents (ε1cm (λ 232 nm) of stabilized and control corn oil (CO) under ambient storage 

(room temperature)  

 Incubation period (months)   

Samples 0 1 2 3 4 5 6 

Increase in CD   

of CO from 

initial after 6 

months 

%decline(relative to 

control) in CD of  

CO after 6 months 

CO-C 1.36 ± 0.11 4.38 ± 0.18 7.07 ± 0.32 9.58 ± 0.57 11.26 ± 0.47 13.98 ± 0.32 16.99 ± 0.46 15.63  

CO-BHT 1.23 ± 0.09 3.49 ± 0.11 3.78 ± 0.27 4.76 ± 0.16 5.68 ±  0.28 6.63 ± 0.38 6.88 ± 0.37 5.65 63.8 

CO-PP    1.12 ± 0.08 1.78 ± 0.09 2.16 ± 0.14 2.70 ± 0.14 3.51 ±  0.32 4.15 ± 0.23 5.37 ± 0.28 4.25 72.8 

CO-AP     1.19 ± 0.12 2.23 ± 0.06 2.80 ± 0.17 3.28 ± 0.23 4.24 ± 0.21 5.09 ± 0.12 5.94 ± 0.32 4.75 69.6 

CO-WH     1.31 ± 0.06 3.69 ± 0.17 6.23 ± 0.28 6.69 ± 0.37 7.32 ± 0.26 8.98 ± 0.57 10.30 ± 0.46 9.01 42.3 

CO-WB    1.29 ± 0.08 3.52 ± 0.08 4.35 ± 0.18 5.48 ± 0.21 6.25 ± 0.32 8.08 ± 0.38 7.74 ± 0.27 6.45 58.7 

CO-BP       1. 21 ± 0.05 3.16 ± 0.14 3.71 ± 0.23 4.55 ± 0.15 5.32 ± 0.21 6.48 ± 0.24 6.58 ± 0.36 5.37 65.6 

CO-RB 1.30 ± 0.03 3.75 ± 0.29 4.46 ± 0.16 5.80 ± 0.22 6.68 ± 0.24 8.92 ± 0.32 9.59 ± 0.36 8.29 46.9 

CO-CC      1.26 ± 0.09 3.26 ± 0.18 3.84 ± 0.27 4.68 ± 0.21 5.57 ± 0.33 6.60 ± 0.38 7.02 ± 0.27 5.76 63.1 

CO-RH      1.33 ± 0.13 3.75 ± 0.21 6.49 ± 0.26 7.16 ± 0.37 7.32 ± 0.28 9.21 ± 0.37 10.80 ± 0.32 9.47 39.4 

CO-CP 1.18 ± 0.05 2.63 ± 0.06 3.18 ± 0.17 3.87 ± 0.12 4.76 ± 0.18 5.72 ± 0.33 6.47 ± 0.27 5.29 66.1 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 
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Table 4.7.11.Conjugated trienes (CT) contents (ε1cm (λ 268 nm) of stabilized and control corn oil (CO) under ambient storage 

(room temperature) 

  

 Incubation period (months)   

Samples 0 1 2 3 4 5 6 
Increase in CT   

of CO from initial 

after 6 months 

%decline(relative to 

control) in CT of  CO  

after 6 months 

CO-C 0.75 ± 0.02 2.76 ± 0.18 4.69 ± 0.32 6.15 ± 0.32 8.76 ± 0.32 9.93 ± 0.32 11.77 ± 0.38 11.02  

CO-BHT 0.61 ± 0.07 1.69 ± 0.08 2.26 ± 0.09 2.39 ± 0.22 3.12 ± 0.17 4.78 ± 0.28 6.31 ±  0.17 5.70 48.2 

CO-PP    0.61 ± 0.08 0.79 ± 0.07 1.13 ± 0.11 1.83 ± 0.08 2.26 ± 0.07 3.44 ± 0.17 4.95 ± 0.14 4.42 60.6 

CO-AP     0.63 ± 0.03 0.97 ± 0.05 1.48 ± 0.13 2.08 ± 0.12 2.48 ± 0.13 3.79 ± 0.22 5.35 ± 0.18 4.81 57.1 

CO-WH     0.73 ± 0.06 2.43 ± 0.08 3.58 ± 0.26 3.75 ± 0.08 4.26 ± 0.21 6.02 ± 0.18 7.50 ± 0.38 6.89 38.5 

CO-WB    0.69 ± 0.02 1.76 ± 0.06 2.42 ± 0.18 3.20 ± 0.13 3.81 ± 0.17 5.53 ± 0.23 6.60 ± 0.36 6.02 46.3 

CO-BP       0.66 ± 0.07 1.49 ± 0.21 2.02 ± 0.17 2.38 ± 0.13 2.89 ± 0.23 4.68 ± 0.18 6.08 ± 0.2 5.42 5.42 

CO-RB 0.71 ± 0.05 2.20 ± 0.0 2.67 ± 0.11 3.43 ± 0.32 4.12 ± 0.28 5.66 ± 0.21 6.89 ± 0.17 6.18 6.18 

CO-CC      0.67 ± 0.04 1.69 ± 0.07 2.38 ± 0.18 2.61 ± 0.13 3.52 ± 0.29 4.76 ± 0.23 6.33 ± 0.037 5.66 5.66 

CO-RH      0.73 ± 0.05 2.42 ± 0.18 3.35 ± 0.26 4.01 ± 0.17 4.76 ± 0.22 6.19 ± 0.32 8.02 ± 0.29 7.29 7.29 

CO-CP 0.65 ± 0.03 1.26 ± 0.07 1.72 ± 0.15 2.35 ± 0.09 2.39 ± 0.13 4.08 ± 0.17 5.62 ± 0.13 4.97 4.97 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 
CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene 



 132 

Table 4.7.12.  P-anisidine value (P-AV) of stabilized and control corn oil of stabilized and control corn oil (CO) under ambient 

storage (room temperature). 

 Incubation period (months)   

Samples 0 1 2 3 4 5 6 

Increase in (P-

AV)  

of  CO from 

initial after 6 

months 

% decline(relative to 

control) in CT of   

CO after 6 months 

Control 0.71 ± 0.04 2.21 ± 0.25 3.07 ± 0.30 4.47 ± 0.27 6.58 ± 0.38 7.72 ± 045 9.11 ± 0.39 8.40  

CO-BHT 0.65 ± 0.05 1.02 ± 0.07 1.52 ± 0.12 2.41 ± 0.18 3.32 ± 0.14 4.46 ± 0.21 6.14 ± 0.25 5.49 34.6 

CO-PP    0.61 ± 0.03 0.65 ± 0.02 0.97 ± 0.07 1.46 ± 0.07 2.28 ± 0.23 3.45 ± 0.15 4.59 ± 0.23 3.98 52.6 

CO-AP     0.62 ± 0.07 0.79 ± 0.04 1.22 ± 0.14 1.96 ± 0.18 2.72 ± 0.8 4.18 ± 0.35 5.30 ± 0.38 4.68 44.9 

CO-WH     0.69 ± 0.04 1.59 ± 0.12 2.33 ± 0.22 3.68 ± 0.24 4.51 ± 0.38 5.79 ± 0.25 7.09 ± 0.24 6.40 23.8 

CO-WB    0.65 ± 0.02 1.28 ± 0.08 1.79 ± 0.13 3.35 ± 0.21 3.78 ± 0.27 5.21 ± 0.31 6.62 ± 0.34 5.97 28.9 

CO-BP       0.64 ± 0.04 1.07 ± 0.07 1.62 ± 0.15 2.46 ± 0.21 3.39 ± 0.16 4.62 ± 0.33 5.95 ± 0.25 5.31 36.7 

CO-RB 0.69 ± 0.05 1.21 ± 0.08 2.12 ± 0.12 3.38 ± 0.30 4.11 ± 0.21 5.49 ± 0.27 6.87 ± 0.41 6.18 26.4 

CO-CC      0.66 ± 0.04 1.18 ± 0.13 1.59 ± 0.09 2.70 ± 0.18 3.50 ± 0.21 4.76 ± 0.23 6.18 ± 0.26 5.52 34.2 

CO-RH      0.68 ± 0.03 1.62 ± 0.12 2.51 ± 0.14 3.92 ± 0.28 5.20 ± 0.39 6.12 ± 0.35 7.37 ± 0.28 6.69 20.3 

CO-CP 0.63 ± 0.05 0.89 ± 0.08 1.50 ± 0.13 2.34 ± 0.17 3.17 ± 0.14 4.46 ± 0.25 5.76 ± 0.21 5.13 38.9 

Values (mean ± SD) are average of triplicate samples analyzed individually in triplicate (n = 3 x 3), (P < 0.05) 

CO-C       Corn oil control (with out extract stabilization)   

CO-PP     Corn oil stabilized with pomegranate peels extract   CO-RB      Corn oil stabilized with rice bran extract  

CO-AP    Corn oil stabilized with apple peels extract  CO-CC      Corn oil stabilized with corncob extract 

CO-WH   Corn oil stabilized with wheat husk extract  CO-RH      Corn oil stabilized with rice hull extract 

CO-WB   Corn oil stabilized with wheat bran extract  CO-BP       Corn oil stabilized with banana peel extract 

CO-CP     Corn oil stabilized with citrus peel extract  CO-BHT    Corn oil stabilized with butylated hydroxytoluene
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4.8.  Percent decline (relative to the control) in the oxidation parameters of 

sunflower oil under accelerated storage using antioxidant extracts from different 

agro wastes 

accelerated storage 

(oven heating, 60 
o
C; heating cycle, 8 hours per day) 

 

 Peroxide value Conjugated 

dienes 

Conjugated 

trienes 

P-anisidine 

SFO-PP    65.9 70.2 59.6 48.8 

SFO-AP     65.1 66.3 55.4 42.9 

SFO -WH     46.3 39.6 36.8 22.3 

SFO -WB    51.8 56.1 46.3 26.2 

SFO -BP       57.2 63.4 48.6 36.4 

SFO -RB 50.1 46.6 40.9 26.3 

SFO -CC      56.4 37.6 46.2 32.9 

SFO -RH      41.8 39.1 32.6 18.7 

SFO -CP 59.2 65.7 54.1 38.0 

SFO -PP     = Sunflower stabilized with pomegranate peel extract 

SFO -AP    = Sunflower stabilized with apple peel extract 

SFO -WH    = Sunflower stabilized with wheat husk extract 

SFO -WB   = Sunflower stabilized with wheat bran extract 

SFO -BP      = Sunflower stabilized with banana peel extract 

SFO -RB     = Sunflower stabilized with rice bran extract 

SFO -CC     = Sunflower stabilized with corncob extract 

SFO -RH     = Sunflower stabilized with rice hull extract 

SFO -CP      = Sunflower oil stabilized with citrus peel extract 
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Table 4.9. Comparison in the percent decline (relative to the control) in the 

oxidation parameters of corn oil under different storage conditions using 

antioxidant extracts from different agro wastes  

 

 Accelerated storage 

Oven heating (60 
o
C) 

(30 days) 

Accelerated storage 

Microwave heating (18 

min) 

Ambient storage 

 (room temperature, 6 

months) 

 

 PV CD CT PA PV CD CT PA PV CD CT PA 

CO-PP    70.0 71.8 59.1 51.2 71.4 70.2 60.3 51.9  71.9 72.8 60.6 52.6 

CO-AP     64.4 68.8 56.2 43.9 63.9 69.1 56.8 44.3 65.4 69.6 57.1 44.9 

CO-WH     48.8 41.5 37.5 23.0 49.3 41.9 38.1 23.5 49.8 42.3 38.5 23.8 

CO-WB    53.6 57.9 45.2 27.9 54.1 58.3 45.9 28.4 54.7 58.7 46.3 28.9 

CO-BP       58.4 64.8 49.9 35.8 58.8 63.2 50.5 36.1 59.3 65.6 50.8 36.7 

CO-RB 51.3 45.9 42.5 25.3 52.6 46.3 43.3 25.8 53.2 46.9 43.9 26.4 

CO-CC      55.8 62.5 47.5 33.4 54.3 62.7 48.1 33.9 56.8 63.1 48.6 34.2 

CO-RH      42.5 38.3 33.2 19.2 43.1 38.9 33.8 19.6 43.8 39.4 34.2 20.3 

CO-CP    61.6 65.1 53.8 39.8 62.4 64.6 54.2 40.3 62.9 66.1 54.9 38.9 

CO-PP     = Corn oil stabilized with pomegranate peel extract 

CO-AP    = Corn oil stabilized with apple peel extract 

CO-WH    = Corn oil stabilized with wheat husk extract 

CO-WB   = Corn oil stabilized with wheat bran extract 

CO-BP      = Corn oil stabilized with banana peel extract 

CO-RB     = Corn oil stabilized with rice bran extract 

CO-CC     = Corn oil stabilized with corncob extract 

CO-RH     = Corn oil stabilized with rice hull extract 

CO-CP      = Corn oil stabilized with citrus peel extract 
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Table 4.10. Comparison in percent decline (relative to the control) in the oxidation 

parameters of sunflower oil under different storage conditions using antioxidant 

extracts from different agro wastes  

 
 Accelerated storage 

Oven heating (60 
o
C) (30 

days) 

Accelerated storage 

Microwave heating (18 

min) 

Ambient storage 

 (room temperature, 6 

months) 

 PV CD CT PA PV CD CT PA PV CD CT PA 

SFO-PP 65.9 70.2 59.6 48.8 68.3 71.8 59.9 49.1 70.8 72.2 60.2 49.9 

SFO-AP     65.1 66.3 55.4 42.9 67.6 66.9 56.1 43.4 68.4 67.6 56.7 44.1 

SFO -WH     46.3 39.6 36.8 22.3 47.8 40.6 35.2 21.8 48.2 38.9 37.1 23.2 

SFO -WB    51.8 56.1 46.3 26.2 50.1 56.7 45.2 26.9 53.3 57.8 46.7 27.6 

SFO -BP       57.2 63.4 48.6 36.4 56.8 62.9 48.8 35.8 57.8 64.1 49.0 36.8 

SFO -RB 50.1 46.6 40.9 26.3 50.8 45.7 40.3 25.9 51.2 46.9 41.6 26.5 

SFO -CC      56.4 37.6 46.2 32.9 55.2 38.1 46.9 33.1 56.1 38.7 47.3 33.7 

SFO -RH      41.8 39.1 32.6 18.7 40.3 38.6 32.8 18.2 41.9 39.6 33.9 19.3 

SFO -CP 59.2 65.7 54.1 38.0 58.4 66.2 54.7 38.6 59.8 66.8 55.2 39.2 

SFO -PP     = Sunflower stabilized with Pomegranate peels extract 

SFO -AP    = Sunflower stabilized with apple peels extract 

SFO -WH    = Sunflower stabilized with wheat husk extract 

SFO -WB   = Sunflower stabilized with wheat bran extract 

SFO -BP      = Sunflower stabilized with banana peel extract 

SFO -RB     = Sunflower stabilized with rice bran extract 

SFO -CC     = Sunflower stabilized with corncob extract 

SFO -RH     = Sunflower stabilized with rice hull extract 

SFO -CP      = Sunflower oil stabilized with citrus peel extract 
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Chapter -5 

 

 

DISCUSSION 

 

 

5.1. Effect of drying on the antioxidant activity of different plant 

materials 

 

Prior to extraction of antioxidants components, the subject plants materials were 

dried at two different conditions: oven-drying at 80 °C and ambient-drying (average 

room temperature 30 ± 2 °C). Control samples (fresh plant materials) were also tested.   

Table 4.1.1 depicts the possible effect of drying on the phenolic contents and antioxidant 

activity of different medicinal plant organs. Generally, it was observed that the phenolic 

contents of the medicinal plant organs increased when dried at 80 
o
C, relative to those of 

analyzed freshly or after ambient-drying. The antioxidant activity of the tested medicinal 

plant organs, measured in terms of percent inhibition of linoleic acid peroxidation also 

followed almost similar trends as observed for phenolic contents. On the other hand, with 

regard to the effects of drying process, the results for 1, 1
’
–diphenyl–2-picrylhydrazyl 

free radical (DPPH
.
) scavenging capacities were determined to be somewhat random.  

Within different medicinal plant organs (oven-dried at 80 
o
C), maximum plenolic 

contents (g/100 g of dry matter) were observed in Eugenia jambolana bark (12.83), 

followed by Moringa oleifera leaves (12.38), Acacia nilotica bark (11.56), Aloe vera 

leaves (11.14), Azadirachta indica  bark (10.24), Terminalia arjuna bark (9.32), Ficus 

religosa fruit (6.21), and Moringa oleifera root (0.37) (Table 4.1.1). The levels of 

inhibition of linoleic acid oxidation exhibited by the extracts from oven-dried (80 
o
C) 

medicinal plant organs ranged from 46.0 to 87.7%. Maximum inhibition was offered by 

Moringa oleifera leaves and minimum by Terminalia arjuna bark. The tested extracts 

showed the DPPH radical-scavenging activities to varying degrees, ranging from 13.2 to 

49.6% (DPPH
. 
remaining). Moringa oleifera leaves and Terminalia arjuna bark extracts 
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were the most and least effective free radical-scavengers with DPPH
. 
remaining values of 

13.2 and 49.6%, respectively.  

The results of Table 4.1.2. reveal the effects of drying processes on the 

antioxidant activity of different agro wastes. With the exception of wheat bran, rice bran 

and apple peel, which exhibited greater antioxidant activity in raw (fresh) form, the 

phenolic contents and antioxidant activity of all other agro wastes increased when oven-

dried at 80 
o
C. Among different agro wastes dried at 80 

o
C, maximum phenolic contents 

(g/100 g of dry matter) were determined in pomegranate peel (37.17), followed by apple 

peel (3.62), citrus peel (2.68), corn cob (1.66), banana peel (1.17), wheat husk (0.39), rice 

bran (0.32), wheat bran (0.28), and rice hull (0.19). Inhibition of linoleic acid 

peroxidation offered by different agro wastes extracts ranged from 66.3% (rice hull) to 

96.9% (pomegranate peel). A similar pattern of antioxidative effectiveness of the tested 

extracts to scavenge DPPH free radical was also observed. 

As far as is concerned about the effects of drying on the antioxidant activity of 

different fruits, with exception of apricot, all other fruits, analyzed in fresh form offered 

the higher amounts of phenolic contents and antioxidant activity. However, drying at 80 

o
C increased the phenolic contents and antioxidant activity of apricot (Table 4.1.3). 

Among different fruits, analyzed freshly, maximum phenolic contents (g/100 g of 

dry matter) were detected in mulberry (3.66), followed by strawberry (2.98), plum (2.59), 

apple (1.65), and apricot (0.59). Levels of inhibition of linoleic acid peroxidation ranged 

from 61.8 to 86.1%. Mulberry extract inhibited the linoleic acid oxidation at highest level 

while apricot at lowest.  The effectiveness of the tested fruit extracts for DPPH
.
 -

scavenging was similar to that observed for inhibition of linoleic acid peoxidation. 

Table 4.1.4 shows the effect of drying on the phenolic contents and antioxidant 

activity of different vegetables. Generally, the samples of fresh vegetables exhibited 

higher phenolic contents and antioxidant activity. The only exceptions were the carrot 

and garlic which showed higher phenolic contents and antioxidant activity when dried at 

80 
o
C.  

Among freshly tested vegetables, maximum phenolic contents (g/100 g of dry 

matter) were determined in cabbage (2.79) followed by cauliflower (2.72), onion (2.61), 

spinach (2.44), peas = turnip (1.2), garlic (0.46), and carrot (0.33). The levels of 
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inhibition of linoleic acid peroxidation ranged from 52.9 to 82.4%. Highest levels of 

inhibition of linoleic acid peroxidation were offered by peas = cauliflower (82.4%), while 

lowest by garlic (52.9%). The vegetables tested also scavenged the DPPH
.
, but to varying 

levels. Highest amount of DPPH
.
 was scavenged by cabbage and lowest by carrot.  

Overall results of this part of the study indicated that greater variations in 

phenolic contents and antioxidant activity were observed among different plant materials. 

However, generally fresh samples showed higher amounts of total phenolics and 

antioxidant activities followed by dried at 80 
o
C and dried at ambient temperature.  

The scientific literature reveal that the drying regimes, in particular, the drying 

temperature and circumstances, might affect the antioxidant activities of plant materials 

due to change in the chemical composition and antioxidant constituents (Moure et al., 

2001). Larrauri et al. (1997) reported 28 and 50% decrease in the antioxidant activity of 

red grape pomace peel after drying at 100 and 140 
o
C, respectively. Kerkhofs (2003) 

reported a significant decrease in the total phenolic contents of tomatoes when dried at 40 

o
C. The antioxidant activity of blueberry was also noted to be decreased upto level of 

52% after drying (Kalt et al., 2000).  

This decrease in the phenolic contents and antioxidant activity of plant materials 

might be attributed to chemical and enzymatic degradation, losses by volatilization or 

thermal decomposition of the chemical compounds contributing to such antioxidative 

effects. However, in contrast some reports have shown an increase in the antioxidant 

activity of plant materials after drying at accelerated conditions. For example, Gahler et 

al. (2003) reported an appreciable increase in the phenolic contents of tomatoes as a 

result of thermal processing. Piga et al. (2003) reported an increase in the antioxidant 

activity of plums and prunes after drying at 85 
o
C for 40 h. This increase in the phenolic 

contents and the antioxidant activity could be explained on the basis that during drying 

relatively at high temperature, Millarad reaction products are formed which may enhance 

antioxidant activity.  In some particular cases, the phenolic contents and antioxidant 

effectiveness of a heat-dried plant material may also increase as a result of conversion of 

ester linked phenolic compounds into free phenolics that exhibit more antioxidant activity 

than their respective bound forms (Moure et al., 2001).         
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Part II 

 

5.2. Effect of extraction procedure on the antioxidant activity of 

different plant extracts 

 

5.2.1. Effect of extraction procedures on the extracts yields from different plant 

materials 

   

Amounts (g/100g of dry plant material) of the antioxidant compounds determined 

for different medicinal plant materials, extracted using four different solvents (100% 

methanol and 80% methanol (methanol: water, 80:20 v/v); 100% ethanol and 80% 

ethanol, (ethanol: water, 80:20 v/v) and two different extraction techniques: shaker and 

reflux in table 4.2.1.a to 4.2.1.d are shown. Among medicinal plant organs, greater 

extract yields from leaves and roots of Moringa oleifera, bark of Acacia nilotica, fruit of 

Ficus religiosa and leaves of Aloe vera were obtained with 80% methanol, using both of 

the extraction techniques. 100% methanol, 100% ethanol, and 80% ethanol extracted 

maximum antioxidant compounds from barks of Eugenia jambolana, Azadirachta indica, 

and Terminalia arjuna, respectively. 

The extract yields (g/100 g of dry material) from agro waste materials using 

different extraction procedures are shown in Table 6. As for as is concerned about the  

effects of extracting solvents, 80% methanol proved to be the most efficient solvent for 

extracting antioxidant compounds. The extract yields (80% methanol, shaker) of 

antioxidative components from different agro wastes ranged from 8.83 to 29.9%. The 

highest amounts were extracted from pomegranate peel (29.9%), followed by banana peel 

(24.6%), corncob (21.6%), citrus peels (21.5%), rice bran (20.5%), apple peel (16.4%), 

wheat bran (12.7%), wheat husk (9.45%), and rice hull (8.83 %).   

The solvent system, 80% methanol also proved to be the most effective for 

extracting antioxidant compounds from fruits and vegetables using both of the extracting 

techniques. The extract yields (80% methanol, shaker) from fruits and vegetables ranged 
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from 11.9-46.6 and 12.9-71.4%, respectively. Highest yield was achieved from 

strawberry (46.6%), followed by mulberry (32.3%), apricot (15.5 %), plum (12.2%), and 

apple (11.9%). Among vegetables, maximum extract yield (80% methanol, shaker) was 

offered by cauliflower (71.4%), followed by carrot (60.9%), turnip (58.9%), spinach 

(58.0%), cabbage (34.1%), peas (24.8%), onion (13.6%), garlic (12.9%), and ginger 

(10.7%). Similar order of extract yields with 80% methanol from fruits and vegetables 

were also observed using reflux technique, however, the extract yields were higher as 

compared to those achieved using shaker. This might be attributed to the fact that polar 

and hot solvents are more efficient to extract antioxidant compounds.   Shon et al., (2003) 

also investigated that methanol and hot water are more efficient to extract antioxidant 

compounds from Phellinus baumii.  

Significant (p < 0.05) variations were observed in the extract yields from different 

plant materials using different solvents systems and extraction techniques. Results 

indicated that generally higher extract yields were achieved using refluxing extraction 

technique than by shaking, regardless of the solvent used.  

 

Present results showed a wide variation of extracts yields from different plant 

materials. In the literature, rarely reports are available regarding the yield of extracts from 

plant materials used in the present study. The extract yield of banana and pomegranate 

peels with 95% ethanol (7.66 and 6.21%, respectively) has been reported in the literature 

(Okonogi et al., 2006). The amounts of extractable components using different solvents 

(ethanol, methanol, acetone, hexane, petroleum ether, and diethyl ether) from citrus peels 

ranged from 7.88 to 19.87% (Zia-ur-Rehman 2006), rice bran 10.02 to 16.71% (Chatha et 

al., 2006), and wheat bran 10.6% (Liyana-Pathirana and Shahidi 2007).  

 

Variations in the extract yields from different plant materials might be attributed 

to the availability of different extractable components, defined by the chemical 

composition of plant, nature of soil and agro-climatic conditions (Hsu et al., 2006).  The 

amount of the antioxidant components that can be extracted from a plant material mainly 

depends on the dynamism of the extraction procedure and possibility exists of sample to 
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sample variation in the extracted materials. Among other parameters, effectiveness of the 

extracting solvent to dissolve endogenous compounds might also be a contributing factor.  

 

 

5.2.2. Effect of extraction procedures on the total phenolic contents of 

different plant materials 

The interest in the phenolics has increased outstandingly due to their prominent 

free radical scavenging activity and other antioxidant attributes. Phenolic compounds are 

generally classified as simple phenols, a single aromatic ring bearing with at least one 

hydroxyl group, and polyphenols with at least two phenol subunits like flavonoids or 

three and more phenol subunits called tannins (Robbins 2003).  

Total phenolic contents (TPC) in the present work were determined using Folin-

Ciocalteu reagent (FCR) method and were expressed as gallic acid equivalents (GAE). 

The FCR-based assay, commonly known as the total phenols (or phenolic) assay involves 

the reduction of a phospho-molybadic-phosphotungstic acid to a blue colored complex 

under basic conditions, the intensity of which is measured at about 755 nm. The total 

phenol assay is frequently used due to its convenience, simplicity, and reproducibility, 

regardless of undefined chemical nature of FCR. Several studies applied the FCR-based 

assay to determine the TPC of plant materials and often established excellent linear 

correlations between the “total phenolic profile” and antioxidant activity (Huang et al., 

2006). 

TPC of different plant materials, using four solvent systems: 100, 80% methanol 

and 100, 80% ethanol and two extraction techniques (shaker and reflux) are shown in 

table 4.2.2.a to 4.2.2.d. Among different medicinal plant organs, 80% ethanolic (shaker) 

extract of Acacia nilotica bark offered the highest TPC (16.5 GAE g/100 g of dry matter). 

Appreciable amounts of TPC (12.0 and 12.8 GAE g/100 g of dry matter) from 

Azadirachta indica and Terminalia arjuna barks were also detected using 80% ethanol 

(shaker), respectively. The determined amounts of TP from investigated tree barks in the 

present study were lower than that reported for Acacia confuse bark (Tung et al., 2007). 

However, the TPC of the tested barks in the present study were higher than those reported 
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for Bauhiniamacrostachya, Cecropia obtuse, Davilla kunthii, AndInga edulis bark (Silva 

et al., 2006) and Acacia auriculiformis bark (Singh et al., 2006).  

Maximum amounts of total phenolics from Moringa oleifera leaves and root (12.2 

and 0.31 GAE g/100 g of dry matter), respectively, fruit of Ficus religiosa (5.34 GAE 

g/100 g of dry matter) and leaves of Aloe vera (10.3 GAE g/100 g of dry matter) were 

obtained with 80% methanol (shaker). However, the bark of Eugenia jambolana offered 

the highest level (8.30 GAE g/100 g of dry matter) of total phenolics with 100% 

methanol. In contrast to the trends noted for extracts yields, the TPC of all medicinal 

plant organs were noted to be decreased using reflux technique, regardless of the nature 

of the extracting solvent used. 

 

The amounts of total phenolics (TP) determined in different agro waste materials 

using four solvent systems are shown in Table 4.2.2.b. Maximum amounts of TP from 

agro wastes were detected in 80% methanolic (shaker) extracts. The contents of TP 

ranging from 0.16 to 36.40 (GAE g/100g of dry matter) differed significantly (P < 0.05) 

among agro wastes analyzed. Of the peels studied, highest amounts of TP (g/100 g of dry 

matter) were determined in pomegranate (36.40) followed by apple (3.90), citrus (2.42), 

and banana (1.12) peels. The level of TP in pomegranate peel in the present work was 

found to be higher than that reported by Li et al. (2006), however, lower than that 

investigated by Negi et al. (2003). The concentration of TP in apple peel, quite 

comparable with the results of Wolfe and Liu (2003), however, was noted to be higher 

than that reported by Leontowicz et al. (2002). Citrus and banana peels in the present 

analysis also offered appreciable amounts of TP (1.12-2.42). Our results, some what 

higher than those reported by Anagnostopoulou et al. (2006) and Someya et al. (2002), 

were in agreement to Li et al. (2006), who reported that peel tissues usually contain 

higher amounts of phenolics, anthocynins and flavonols.  

 

TPC of rice bran and wheat bran were found to be 0.36 and 0.37 g/100 g of dry 

matter, respectively. Iqbal et al. (2005) reported TP of four varieties of rice bran 

indigenous to Pakistan ranged from 0.251-0.359 g/100 g of dry matter. TPC of wheat 

bran in the present study, quite comparable with earlier reports (Iqbal et al., 2007, 
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Liyana-Pathirana and Shahidi 2006), however were higher than that investigated by Zhou 

and Yu (2004).  Lowest contents of TP (0.16 and 0.32 g/100 g of dry matter) were 

detected in the samples of rice hull, and wheat husk, respectively. The amount of TP in 

corncob (2.53 g/100 g of dry matter) was found to be relatively lower than those of fruit 

peels but higher than rice hull, rice bran, wheat bran, and wheat husk. TPC of all the 

tested agro wastes in the present study were noted to be decreased using reflux extraction 

technique, regardless, of the extracting solvent used.  

TPC of different fruits are presented in table 4.2.2.c. All the fruits offered higher 

amounts of TP in 80% methanolic (shaker) extracts, ranging from 0.59-3.66 g/100 g of 

dry matter. Among fruits, mulberry offered the highest level of TP (3.66), followed by 

strawberry (2.98), plum (2.59), apple (1.65), and apricot (0.59). Somewhat similar order 

of TPC within fruits also existed in all other solvents systems using both of the extraction 

techniques, however, concentrations of TP were relatively lower in the extracts prepared 

by reflux technique. 

Total phenolics contents of different vegetables are shown in table 5.2.2.d. The 

tested vegetables also offered higher TPC in 80% methanolic (shaker) extracts, ranging 

from 0.33-2.79 GAE g/100 g of dry matter. Maximum amounts were observed in cabbage 

(2.79), followed by cauliflower (2.72), onion (2.61), spinach (2.44), peas = turnip (1.20), 

garlic (0.46), and carrot (0.33). TPC of all the tested vegetables extracted with the solvent 

systems: 100, 80 % methanol and 100, 80% ethanol were decreased using reflux 

extraction technique, except, onion and ginger. The samples of onion and ginger offered 

the maximum TPC when extracted with 100 and 80% ethanol, using reflux technique.  

 

5.2.3. Effect of extraction procedures on the total flavonoids contents of 

different plant materials 

 

Total flavonoids contents (TFC) of various plant materials, extracted with four 

solvent systems: 100, 80% methanol and 100, 80% ethanol, and using shaker and reflux 

extraction techniques are presented in table 4.2.3a to 4.2.3d. TFC were determined as 

catechine equivalent (CE). Among medicinal plant organs (table 4.2.3a), 80% methanolic 

extract (shaker) of Moringa oleifera leaves offered the highest TFC (8.66 CE g/100 g of 
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dry matter) followed by 80% ethanolic extract (shaker) of Acacia nilotica bark (4.93), 

80% methanolic extract (shaker) of Aloe vera leaves (2.28), 80% methanolic extract 

(shaker) of Ficus religiosa fruit (3.77), 80% ethanolic extract (shaker) of Terminalia 

arjuna bark (3.49), 80% ethanolic extract (shaker) of Azadirachta indica  bark (3.14), 

80% methanolic extract (shaker) of Moringa oleifera root (2.94), and 100% methanolic 

extract (shaker) of Eugenia jambolana bark (2.63). Amount of TF in all medicinal plant 

materials in all solvent extracts generally decreased when reflux technique was 

employed. However, TFC of Aloe vera leaves were noted to be increased from 4.28 to 

4.66 g/100 g of dry matter, when extracted with 80% methanol using reflux technique. 

Ficus religiosa fruits also exhibited higher TFC using reflux technique with 100 and 80% 

ethanol. Total flavonoid contents (1.47-3.77 g/100 g of dry matter) of Ficus religiosa 

fruit in our analysis were found to be greater than that reported for Ficus microcarpa fruit 

(0.6 g/100 g dry weight) (Ao et al., 2008). On the other hand, TFC in Terminalia arjuna 

(1.52-3.49 g/100 g of dry matter) determined in our work were lower than those 

investigated by Dwivedi (2007), (5.70 g/100 g dry weight). 

  TFC of different agro wastes tested are presented in table 4.2.3b. Eighty percent 

methanol (80% methanol) proved to be the best solvent system for extracting flavonoids 

from most of the agro waste materials. TFC of different agro wastes extracted with 80% 

methanol using shaker ranged from 0.026- 4.89 CE g/100 g of dry matter. The peels of 

pomegranate contained the greater concentration of the flavonoids (4.89), followed by 

banana peel (0.62), wheat husk (0.052), wheat bran (0.046), rice bran (0.042), corncob 

(0.039), and rice hull (0.026). While maximum amounts of flavonoids from peels of 

citrus and apple were extracted with 80% ethanol i.e. 3.12 and 2.99 g/100 g of dry matter, 

respectively. The efficacy of the four tested solvent systems for extracting flavonoids 

from wheat husk, rice hull, and apple peel was noted to be increased when these materials 

were extracted using reflux technique. 

The amounts of total flavonoids (TF) determined for different fruits and 

vegetables are presented in table 4.2.3c and 4.2.3.d, respectively. All the fruit samples 

that were extracted with 80% methanol using shaker contained greater amounts of TF. 

Highest levels of TF were detected in mulberry (0.389), followed by strawberry (0.321), 

apricot (0.262), apple (0.092), and plum (0.063). TF concentrations of TF in all fruits, 



 xiii 

when extracted employing reflux technique were decreased, regardless of the solvent 

used. However, 100 and 80% methanol exhibited better efficacy for extracting flavonoids 

from plum using reflux technique.  

Significant (p< 0.05) variations in efficacy of different solvent systems for 

extracting TF from vegetables were observed. Results indicated that greater amounts of 

flavonoids from vegetables were extracted with aqueous solvents i.e. 80% ethanol and 

80% methanol. Highest levels of TF from carrot, spinach, cauliflower, cabbage, and 

turnip were extracted with 80% methanol. Conversely, 80% ethanol was proved to be the 

best system for extracting TF from peas, garlic, and onion. Relatively lower 

concentrations of TF were detected from the vegetables when extracted using reflux 

technique with all solvents. However, the extracts of spinach, garlic and onion, prepared 

using 100 and 80% ethanol and reflux method offered higher concentrations of TF than 

those determined by shaker technique.  

 

5.2.4. Effect of extraction procedures on reducing power of different plant materials 

 

Results showing the effects of extraction procedures, involving four extracting 

solvents: 80, 100% methanol, 80, 100% ethanol and two extraction techniques: shaker 

and reflux on the reducing potential of extracts of different plant organs at concentration 

of 10 mg/mL, in tables 4.2.4a to 4.2.4d are shown. The values of reducing power at 

concentration of 10 mg/ml determined for different medicinal plant organs extracts 

(shaker), ranging from 0.09 to 2.88, followed the order of effectiveness as: 80% 

methanolic extract (ME) Moringa oleifera leaves> 80% ME of Aloe vera leaves > 80% 

ethanolic extract (EE) of Acacia nilotica bark > 80% EE of Azadirachta indica bark > 80 

% ME of Terminalia arjuna bark > 80% EE of Eugenia jambolana bark > 80% ME of 

Ficus religisa fruit > 80% ME of Moringa oleifera roots. With exceptions of leaves of 

Aloe vera and fruit of Ficus religiosa, reducing powers of all the medicinal plant organs 

were adversely affected by reflux extraction technique, regardless, of the solvent used, 

however each material tested retained the same efficacy order.  

 Among different solvent systems employed, 80% methanolic extracts (shaker) of 

all agro wastes materials possessed better reducing power.  Maximum reducing power 
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was exhibited by pomegranate peel extract (3.46), followed by apple peel (1.59), citrus 

peel (1.33), banana peel (1.29), corncob (1.26), wheat bran (1.07), rice bran (0.37), wheat 

husk (0.262), and rice hull (0.228) extracts. With exception of pomegranate peel, 

reducing potential of all agro wastes extracts decreased by reflux technique, regardless, of 

the solvent used, however, the order of reducing strength for each sample remained 

unaffected. 

 In agreement with the trends of agro wastes extracts, 80% methanolic extracts of 

all fruits and vegetables also offered maximum reducing power as against other solvent 

extracts. The reducing power offered by different fruits extracts in decreasing order was 

as followed: mulberry > strawberry > plum > apple > apricot, while for the vegetables, 

the order was: cabbage > cauliflower > spinach > peas > onion > turnip > carrot > garlic. 

With the exception of 80% methanolic extract of apple peel, reducing potential of fruit 

extracts decreased by reflux technique, however, the order of reducing power for each 

fruit remained identical. The ethanol (100 and 80%) extracts of cabbage, garlic, and 

onion, prepared by reflux technique, showed higher reducing power, thus indicating 

superior efficacy of ethanol towards extracting antioxidant compounds from these 

materials. 

 

 

5.2.5. Effect of extraction procedures on the DPPH
.
 scavenging activity (% DPPH

.
 

remaining) of different plant materials 

 

I, 1-diphenyl-1-picrylhydrazyl radical (DPPH
.
) scavenging assay is commonly 

used for the assessment of antioxidant activity of plant materials. DPPH
.
 with deep violet 

color gives intensive absorption within 515-528 nm range. This test is based on the 

ability of the DPPH
.
 to react with hydrogen donor species, mainly phenolics. Upon 

receiving proton from extract constituents, DPPH
.
 loses its color and becomes yellow. As 

the concentration of phenolic compounds or degree of hydroxylation of the phenolic 

compounds increases, their DPPH
.
 scavenging activity also increases, thus correlating 

directly to the extent of antioxidant efficacy of a typical plant material (Roginsky and 

Lissi 2005). DPPH radicals are very sensitive to the presence of hydrogen donors, the 
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whole system operates at very low concentration; with it, it can allow a large number of 

samples to be tested in a short time (Cheng et al., 2006).     

DPPH
.
 scavenging activity of different plant materials as affected by extraction 

methods are given in table 4.2.5a to 4.2.5d. Absorbance in this assay was recorded at 0.5 

to 10 min time intervals from initiation of the reaction. Observed scavenging activity was 

similar at the beginning of the reaction and changed with the increase of the reaction time 

until stabilized at 10
th

 min. Practically, significant (p< 0.05) differences of DPPH
. 

scavenging activity among extracts were observed at 5
th

 minute of the reaction. The 

DPPH
. 
scavenging activity of the sample extracts was reported as the percent of DPPH

.
 

remaining (% DPPH
.
 remaining). A higher value of percent of DPPH

.
 remaining is 

correlated to a weaker antioxidant activity.    

All medicinal plant organs extracts possessed the free radical scavenging 

properties but to varying degrees, ranging from 13.4 to 62.8% DPPH remaining (table 

4.2.5.a). Using shaker extraction technique, generally 80% ethanol and 80% methanol 

extracts showed better DPPH. scavenging activity (% DPPH. remaining). Maximum 

scavenging activity was offered by 80% ethanolic extract of Acacia nilotica bark 

(13.4% DPPH
.
 remaining), followed by 80% methanolic extract of Moringa oleifera 

leaves (13.7%), 80% methanolic extract of Aloe vera leaves (19.9%), 80% ethanolic 

extract Terminalia arjuna bark (32.7%), 80% methanolic extract of the Ficus religiosa 

fruit (36.3%), 80% methanolic extract of  Moringa oleifera root (37.1%), 80% 

ethanolic extract of Azadirachta indica bark ( 39.2%), and 80% ethanolic extract of 

Eugenia jambolana bark (46.1%). The ethanolic extracts of roots of Moringa oleifera, 

leaves of Aloe vera, and fruit of Ficus religiosa prepared by reflux technique showed 

better scavenging activity as compared with those of prepared by shaking technique. 

Rest of the medicinal plant organs extracts, prepared using shaker extraction method 

exhibited better scavenging activity than their corresponding extracts, obtained by 

reflux technique.  

Eighty percent (80%) methanolic extracts (shaker) of different agro wastes 

materials exhibited better DPPH
.
 scavenging activity. The remaining amount (%) of 

DPPH
.
 at 5 min after initiation of the reaction ranged from 11.2 to 52.6%. The extract 

from pomegranate peel exhibited the maximum scavenging power (11.2% DPPH
.
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remaining) followed by apple peel (15.6%), citrus peel (21.8%), banana peel (23.6%), 

corncob (26.1%), wheat bran (28.9%), rice bran (31.6%), wheat husk (46.2%), and 

rice hull (52.6%) extracts. Among different agro wastes, the peels extracts offered 

potent DPPH
.
 scavenging activity. The higher amounts of phenolics contained in peel 

extracts may account for the greater DPPH
.
 scavenging activity. Okonogi et al. (2006) 

investigated that among peels of some fruits, the pomegranate peel extract exhibited 

the highest DPPH
.
 scavenging activity. Antioxidant activity of pomegranate peel 

might be attributed to the presence of polyphenols, such as ellagic tannins, ellagic acid 

and gallic acid (Gil et al., 2000).  

DPPH radical scavenging activity of wheat bran (28.9% DPPH
.
 remaining) in 

the present study was found to be greater than that reported by Cheng et al.  (2006) 

(35.6 % DPPH
.
 remaining) but lower than that reported by Zhou and Yu (2004) 

(16.87% DPPH remaining), while that of rice bran (31.6% DPPH remaining) was 

found to be comparable with the investigation of Iqbal et al. (2005) (20.6-30.6% 

DPPH
.
 remaining). With exception of methanolic extracts of apple and banana peels, 

free radical scavenging activity of all other agro wastes decreased when reflux 

extraction technique was employed for preparation of their extracts.  

Among fruits (table 4.2.5c), maximum DPPH radical scavenging activity was 

offered by 80% ethanolic extract of mulberry (13.7 % DPPH
.
 remaining), followed by 

80% methanolic extract of strawberry (19.9%), 80% methanolic extract of plum 

(20.8%), 80% methanolic extract of apple (29.3%), and 80% methanolic extract of 

apricot (41.3%). DPPH radical scavenging activity of the tested fruits, except 

mulberry decreased when their extracts were prepared by reflux extraction technique.  

Significant (p < 0.05) variations in DPPH radical scavenging activity among 

different vegetables extracts were also observed (Table 4.2.5.d). With exceptions of 

ethanolic extracts of peas, garlic, and onion; free radical scavenging activity of all other 

vegetables extracts decreased using reflux technique. Most of the vegetable extracts 

exhibited better free radical scavenging activity when prepared in 80% methanol, using 

shaker. Using shaker as extraction technique, the free radical scavenging activity offered 

by different vegetables in decreasing order was as followed: 80% methanolic extract of 

cabbage (19.6% DPPH
.
 remaining) >  80% ethanolic extract of cauliflower (19.8%) > 
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80% methanolic extract of spinach (20.1%) >80% methanolic extract of turnip (25.8%)  > 

80% methanolic extract of onion (31.0%) > 80% methanolic extract of peas (32.6%) > 

80% ethanolic extract of carrot (42.3%) and > 80% methanolic extract of garlic (46.1%).   

Over all, it was observed that aqueous solvent (80% methanol, 80% ethanol) 

extracts, prepared by both of the shaker and reflux extraction techniques exhibited better 

free radical scavenging activity. Attributable to polar nature of natural antioxidants, the 

antioxidant activity generally increases in those extracts which are prepared in polar 

solvents. Aqueous methanol and aqueous ethanol due to their polarity are generally 

employed for the extraction of antioxidant components from plant materials. Most of the 

antioxidative components have good solubility in in these two solvents (Siddhuraju and 

Becker 2003; Zhou and Yu 2004).   

 

5.2.6. Effect of extraction procedures on the % inhibition of linoleic acid 

peroxidation of different plant materials 

Inhibition of linoleic acid peroxidation was also used to assess the antioxidant 

activity of different plant materials. Linoleic acid is a polyunsaturated fatty acid, upon 

oxidation, peroxides are formed which oxidizes Fe
+2

 to Fe
+3

, the later forms complex 

with thiocyanate ion, the intensity of this colored complex is measured at 500 nm. The 

higher the absorbance, higher the concentration of peroxides formed during reaction due 

to lower antioxidant activity.  

Inhibition of linoleic acid oxidation determined for extracts of different plant 

materials, and as affected by extraction methods are shown in tables 4.2.6a to 4.2.6d. 

Among medicinal plant organs (table 4.2.6.a), maximum inhibition was offered by 

100% methanolic extract of Eugenia jambolana bark (90.6%), followed by 100% 

ethanol extract of Acacia nilotica bark = 80% methanol extract of Moringa oleifera 

leaves (86.2%), 80% methanolic extract Azadirachta indica bark (71.4%), 80% 

methanol extract of Aloe vera leaves (68.3%), 80% methanolic extract of Ficus 

religiosa  fruits (67.4%), 80% methanolic extract of Moringa oleifera  roots (66.7%), 

and 80% ethanolic extract of Terminalia arjuna bark (66.0%). The present level of 

percent inhibition exhibited by Moringa oleifera leaves extract (86.2%), were found to 

be slightly lower than the values (89.7-92.0%) investigated by Siddhuraju and Becker 
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(2003). The present data revealed that, regardless of the solvent used, the extracts of all 

medicinal plant organs, prepared using shaker extraction technique, exhibited higher 

levels of inhibition of linoleic acid oxidation than those obtained by reflux method.  

In case of agro waste materials, 80% methanolic extracts (shaker) of all samples 

exhibited higher inhibition of peroxidation in linoleic acid system, ranging from 64.8 

to 96.4% (table 4.2.6.b). Results of the this analysis showed that pomegranate peel 

extract exhibited maximum inhibition of peroxidation (96.4%), followed by apple peel 

(88.2%), citrus peel (86.9%), banana peel (82.7%), corncob (72.5%), wheat bran (70.7 

%), rice bran (69.5%), wheat husk (68.2%), and rice hull (64.8%). Lower levels of % 

inhibition of peroxidation offered by wheat bran, rice bran, wheat husk, rice hull and 

corn cob extracts may be attributed to low concentrations of phenolic compounds in 

these materials. Major phenolics, generally occurring in these materials are 

hydroxybenoate and hydroxycyanamate (Proteggente et al., 2002), which exhibit low 

antioxidant activity than those of anthocyanins and flavonoids (Kahkonen et al., 

1999). Iqbal et al. (2005) investigated that rice bran extracts from different varieties 

inhibited lipid peroxidation up to 90% (Iqbal et al., 2005). It is remarkable that plant 

materials which display greater antioxidant activity are generally rich in phenolics 

(Garcia-Alonso et al., 2004).  

Pomegranate is a rich source of anthocyanins (a glycosylated form of 

anthocyanidins). Cyanidin glycosides because of their ortho-dihydroxy structure offer 

good antioxidant activity. Therefore, the higher antioxidant activity of pomegranate 

extract determined in the present work might be attributed to its cyanidin glycoside 

contents (Karadeniz et al., 2005). Antioxidant activity of apple peel may also be 

related to the occurrence of anthocyanins and flavonoids in apple fruit (Wolfe and Liu 

2003). Anthocyanins are the main phenolic compounds present in the peel of red apple 

(Pearson et al., 1999). The antioxidant activity of citrus peel extracts may be in due 

part to the presence of phenolic compounds such as flavonones, flavone glycosides, 

polymethoxylated flavones, hydroxy cinnamate and other miscellaneous phenolic 

glycosides and amines (John 2004). Some researchers suggest that the antioxidant 

activity of some plant materials may be attributed to the presence of gallo-derivatives, 

for example this is the case with banana, which is high in gallocatechins (Someya et 
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al., 2002). Present results also indicated that inhibition of linoleic acid oxidation of 

agro wastes extracts decreased when reflux technique was employed for their 

preparation. 

Results of inhibition of linoleic acid peroxidation obtained for different fruit 

extracts (table 4.2.6.c) indicated that maximum activity was offered by 80% 

methanolic extract of mulberry (88.6%), followed by 80% ethanolic extract of 

strawberry (84.8%), 80% methanolic extract of plum (79.2%), 80% methanolic extract 

of apple (72.5%), and 80% ethanolic extract of apricot (63.1%). The levels of 

inhibition of linoleic acid oxidation determined for the tested fruit extracts were noted 

to be decreased when the extracts were prepared by reflux extraction technique.    

Significant (p < 0.05) variations in inhibition of linoleic acid oxidation of 

different solvent extracts of vegetables were observed (table 4.2.6.d). It was noted that 

80% methanol extracts of all vegetables, except, cauliflower exhibited higher 

inhibition of linoleic acid oxidation. Among vegetables, maximum inhibition of 

linoleic acid was exhibited by cauliflower = peas (82.4%), followed by spinach (80.2 

%), carrot (78.6%), onion (77.5%), cabbage (75.2 %), turnip (71.4 %), and garlic (52.9 

%) extracts.   

The extraction techniques employed for preparation of extracts also affected the 

inhibition of linoleic acid oxidation of the vegetables. The inhibition of linoleic acid 

oxidation determined for the vegetables tested, except cauliflower and carrot, 

generally increased when the extracts were prepared using reflux method, regardless 

of the solvent used. Over all, the vegetables extracts produced by aqueous solvent 

systems, using both the extraction techniques exhibited better inhibition of linoleic 

acid oxidation.  
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Part III 

 

5.3. Effect of processing on the antioxidant activity of vegetables 

 

5.3.1. Effect of cooking methods on the yield of antioxidative extracts of vegetables 

      Data for the percent yields of 80% methanolic extracts of raw and cooked vegetables 

in table 4.3.1 are shown. Percent yield (w/w) of extracts of raw, fried, boiled and 

microwave cooked vegetables ranged from 24.8 to 71.4, 18.8 to 66.3, 19.2 to 56.6 and 

11.5 to 57.0%, respectively. Kahkonen et al. (1999) reported the yield of 80% methanolic 

extracts of fresh peas and carrot to be 35 and 56%, respectively. Cieslik et al. (2006) 

reported the yield of raw carrot and cabbage as 10.52 and 6.67%, respectively. These 

reported values are quite lower than our present findings. Such differences in the extracts 

yields of different raw vegetables could be attributed to the differences in bio-availability 

of different extractable components depending on the nature of soil and agro-climatic 

conditions, used for their cultivation (Hsu et al., 2006). The amount of materials that can 

be extracted from a plant depends on the vigor of the extraction procedure and possibility 

exists of sample-to-sample variation in extracted materials.    

The results of the present analysis showed that extracts yields of all vegetables, 

except, cabbage decreased significantly (P < 0.05) after cooking treatments as compared 

with the values of raw vegetables. The extracts yields of cooked peas, carrot, spinach, 

cauliflower, and white turnip decreased up to level of 53, 26, 53, 43, and 15%, 

respectively which might be attributed to cooking process. However, the yield of cabbage 

extract increased up to 66%, which is in consistent with the previous reports. In literature, 

few reports are available determining the effects of cooking methods on the extracts 

yields of some vegetables. Haung et al. (2006) reported that percent yield of the 

methanolic extracts of different varieties of potatoes increased 3-4 times after heat 

treatment. The increase in percent yield of specific vegetable extracts might be attributed 

to the fact that heat treatment converts insoluble phenolic compounds into soluble 

extractable forms (Jeong et al., 2004), thus leading to increasing the yield. 

 

5.3.2. Effect of cooking methods on the total phenolic contents of vegetables 
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      The total phenolic contents (TPC) of raw and cooked vegetables as determined by 

Follin- Ciocalteu Reagent (FCR) method are shown in table 4.3.2. Of the raw vegetables, 

cabbage and cauliflower had highest TPC (2.79 and 2.72 g/100 g of dry matter) followed 

by spinach (2.44), white turnip= peas (1.20) and carrot (0.33). Such variations in the TPC 

of vegetables are expected. Zhou and Yu (2006) reported that spinach had greater TPC 

than carrot. Kahkonen et al. (1999) determined TPC of carrot and peas as 0.6 and 0.4 

mg/g of dry weight, respectively. Ou et al. (2002) investigated that spinach and 

cauliflower had greater TPC and thus higher antioxidant activity among 13 different 

vegetables used in the United States. Variation in TPC within the raw vegetables is 

caused by many factors such as species, variety, natural chemical composition, maturity 

at harvest, growing conditions, soil state and conditions of post-harvest storage (Jeffery et 

al., 2003).  

TPC of all the raw vegetables used in this study were found to be some what 

higher than those investigated from some other countries and regions. Such variation in 

TPC within the countries and vegetables may be attributed to the possible changes in 

environmental and geological conditions of the regions. This higher TPC in the present 

analysis of raw vegetables as compared with those of some vegetables from some other 

regions of the world might be due to the reason that Pakistan receives stronger solar 

radiation due to high elevation. It has been reported that solar radiation increased the 

antioxidant properties and total phenolic contents (Yu et al., 2003). The results of the 

present analysis of TPC of different vegetables indigenous to Pakistan demonstrated that 

these vegetables are a potential source of natural antioxidants.  

 Numerous studies have established that antioxidant properties of plant extracts are 

mainly derived from phenolic compounds. The beneficial effects derived from phenolic 

compounds are attributed to their antioxidant activity (Heim et al., 2002). Velioglu et al. 

(1998) reported a strong relationship between total phenolic contents and antioxidant 

activity in selected fruits, vegetables and grain products. The antioxidative effect of 

vegetables and fruits is mainly due to the presence of polyphenols, such as flavonoids, 

phenolic acids, tannins and phenolic diterpines (Pietta 2000). Awika et al. (2003) also 

reported that phenolic compounds may contribute directly to antioxidative activity. 
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Similarly, Eberhardt et al. (2000) reported that phytochemicals (phenolics), other than 

ascorbic acid, exhibited higher antioxidant activity.        

So far as is concerned about the conduct of cooking practices on the TPC of 

vegetables, different cooking practices generally exhibited random effects. Microwave 

cooking showed more severe effects on the TPC of cabbage, cauliflower, and white 

turnip, resulting in the reduction of TPC up to 71%, which could be attributed to the 

breakdown of some heat labile phenolic components (Crozier et al., 1997). However, 

TPC of the carrot, peas and spinach significantly (P < 0.05) increased with microwave 

cooking. As a result of boiling and frying, TPC of all the vegetables, except carrot, also 

significantly (P < 0.05) decreased ranging from 15.0 to 60.0 and 8.33 to 58.0%, 

respectively. This reduction in TPC of vegetables after boiling and frying might be 

ascribed to the thermal decomposition of phenolics and leaching of water-soluble 

antioxidants into the liquor (Hunter and Fletcher 2002). Our results for the reduction in 

TPC of vegetables are in agreement to the previous findings of Zhang and Hamauzu 

(2004).  Ismail et al. (2004) reported that 1 min boiling reduced the TPC of the 

vegetables. Sahlin et al. (2004) investigated that boiling and frying resulted in a 

significant reduction (P < 0.05) in TPC of tomatoes.  

On the other hand, increase in TPC of carrot, peas and spinach due to some 

cooking treatments in the present analysis might be attributed to the extractability and 

therewith the bioavailability of antioxidants from vegetables. TPC may increase after 

some processing due to softening or disruption of plant cell walls and the destruction of 

complex phenolics (Bernhardt and Schlich 2006). Plants contain a wide range of phenolic 

compounds in one form or another, including the free, soluble esters, glycosides, 

insoluble bound, total phenolics; and numerous other polyphenols such as lignans and 

substances related to lignans (White and Xing 1997). 

 

 

5.3.3. Effect of cooking processes on the peroxidation inhibition capacity of 

vegetables  

      Antioxidant activity of methanolic extracts of vegetables measured in terms of 

inhibition of linoleic acid peroxidation is shown in table 4.3.3. At concentration of 0.2 
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mg/mL, vegetable extracts inhibited 66.4-91.3% peroxidation of linoleic acid after 

incubation for 360 h (15 days). The vegetables tested in the present study showed varied 

levels of percent inhibition, thus revealing different antioxidant activities as a result of 

diverse cooking methods. Generally, inhibition of linoleic acid oxidation by vegetables 

increased by frying with few exceptions, increased slightly by boiling, and decreased by 

microwave heating. Of the cooked vegetables, the fried yellow turnip extract exhibited 

the highest i.e. 91.3% inhibition of linoleic acid oxidation, indicating highest antioxidant 

activity. The level of inhibition offered by fried yellow turnip was comparable to that 

obtained for BHT (93.0%). However, all other vegetables exhibited significantly (P < 

0.05) lower levels of percent inhibition than BHT. Of the processed vegetables, 

microwaved white turnip extract exhibited the lowest inhibition of linoleic acid oxidation 

(66.4 %). On the other hand when compared to ascorbic acid (47.0%), all the vegetable 

extracts offered significantly (P < 0.05) higher inhibition of linoleic acid oxidation. The 

variations in inhibition of linoleic acid oxidation as revealed by tested vegetables after 

different cooking treatments might be attributed to the extractability and bioavailability 

of the phenolic antioxidants into the solvent extracting media. Velioglu et al. (1998) 

investigated that fruits and vegetables containing high concentrations of total phenolic 

contents also exhibit high levels of inhibition of peroxidation in linoleic acid system. 

  

 

5.3.4. Effect of cooking on the reducing power of the vegetables 

      The data for the reducing power of raw and cooked vegetables extracts are 

presented in table 4.3.4. The reducing power of raw and cooked vegetables extracts was 

recorded over the concentration range of 0.0 to 10.0 mg/mL. Reducing potential of 

vegetable extracts increased in a concentration dependent manner. However, with regard 

to the cooking effects, the vegetables subjected to boiling and microwave treatments 

exhibited lesser, while fried vegetables exhibited higher reducing power than the raw (un 

cooked/fresh) ones.  

     Reducing potential of extracts from fresh vegetables at concentration of 10.0 mg/mL 

ranged from 0.391 to 2.239. Frying practice, significantly (P < 0.05) increased the 

reducing power of all the vegetables, ranging from 0.910- 4.067. The order of increase in 
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reducing potential of vegetable extracts was as followed: cauliflower > cabbage > 

spinach > white turnip > carrot > peas. This increase in reducing potential of vegetables 

as a result of frying may be attributed to the fact that the pre-cooking/cooking treatments 

bruise the tissues and expose the antioxidant components, thereby resulting in a higher 

reducing power. Lin and Chang (2005) investigated that reducing power of broccoli 

(Brassica oleracea L var. italica Plenca), was noted to be increased after cooking 

treatments.  

However, boiling (with respect to raw) caused a significant (P < 0.05) decrease 

(up to 52%) in the reducing power of all the vegetables tested, except carrot, the reducing 

potential of the latter increased up to 39.9%. The decrease in the reducing power of the 

vegetables due to the boiling might be in due part to the fact that vegetables are rich in 

ascorbic acid (Vitamin C). The contents of vitamin C in such materials are greatly lost 

due to unsuitable conditions of storage and processing (Parr and Bolwell 2000).  Hence, 

during boiling, due to loss of this vitamin, greater decline of reducing power were 

observed for these vegetables. Our results are in agreement with the previous findings of 

Oboh (2005) who reported 50.4-82.4% losses in the contents of ascorbic acid after 

blanching of some tropical green leafy vegetables. On the other hand, an increase in 

reducing power of carrot might be attributed to the exceptional increase in carotenoids, 

which could have compensated for the general loss in vitamin C and other non-phenolic 

antioxidants present in this vegetable.  Ismail et al. (2004) reported that 1 min boiling did 

not show any considerable effect on antioxidant activity of cabbage, however, it reduced 

the activity of spinach notably. 

       Microwave heating exhibited mixed effects on reducing power of different 

vegetables. As a result of microwave treatment, reducing power of carrot, peas and white 

turnip increased while that of spinach, cabbage, cauliflower and yellow turnip decreased 

non-significantly (P > 0.05). The basis of the increase in reducing power of the 

vegetables could not be categorically stated, however, it may be attributed to the possible 

breakdown of the tannins (Oboh 2005). Manzocco et al. (2001) reported that processing 

did not affect the antioxidant potential of fruit and vegetables or enhanced it due to 

improvement of antioxidant properties of naturally occurring compounds or formation of 

novel compounds such as Maillard reaction products having antioxidant activity.  
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     Determination of reducing power, using an assay to directly measure transfer of 

electrons to Fe
3+

, is an efficient method to determine the antioxidant activity of fruits and 

vegetables extracts. In this approach an electron donating reducing agent contributes to 

antioxidant activity of a specific material by its capacity to donate an electron to free 

radicals, resulting in neutralization of the reactivity of the radicals. Greater the reducing 

power, greater will be the antioxidant activity (Hsu et al., 2006). Siddhuraju et al. (2002) 

reported that the reducing power of bioactive compounds is associated with antioxidant 

activity. No correlation has been reported between the total phenolic contents and 

reducing power in the study of Kahkonen et al. (1999) on some plant extracts. 

Conversely, in the present study, a strong correlation was observed between phenolic 

contents and reducing power. Cabbage and cauliflower having greater total phenolics 

contents (TPC) showed higher reducing power, while peas and carrot containing lower 

amounts of TP exhibited lower reducing potential. Yellow turnip, white turnip and 

spinach containing appreciable levels of total phenolics also revealed good reducing 

power.  

Generally, no consistent correlation was observed between reducing power and 

inhibition of linoleic acid oxidation and TPC, and inhibition of linoleic acid oxidation of 

different vegetables subjected to different cooking treatments. However, the vegetables 

with high TPC were generally higher in reducing power. Furthermore, from the results of 

the present investigations it could be possible to declare that although an antioxidant 

assays may be appealing and convenient for the quick quantification of antioxidant 

efficacy of a vegetable; however, due to complexity of the composition of vegetables, a 

number of different methods might be necessary to adequately assess their in vitro 

antioxidant effectiveness.  
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Part IV 

5.4. Quantification of flavonols from different plant materials using HPLC  

5.4.1. Flavonols in vegetables  

Data in Table 4.4.1 depicts the amounts of flavonols (myricetin, quercetin, 

kaempeferol) determined in nine vegetables examined in the present study. Kaempeferol 

was the most prevalent flavonol, detected in most of the vegetables at concentrations 

ranging from 0.27-796 mg/kg of dry matter. The concentrations of flavonols were 

significantly (p < 0.05) varied among spinach (59.61), cabbage (23.86), cauliflower 

(17.96), peas (15.50), turnip (14.71), and onion (0.27). Conversely, none of the flavonols 

were detected in carrot and garlic.  

The kaempeferol contents of spinach were found to be comparable with the 

results (49-90 mg/ kg) of Franke et al. (2004), however, lower than those reported by 

Nuutila et al. (2002) (3039-3667 mg/ kg
 
). Highest kampeferol levels in spinach among 

nine vegetables analyzed in the present study are in agreement with the claims that leafy 

vegetables are good sources of kampeferol (Goldbohm et al. 1998; Nuttila et al. 2002). 

Franke et al. (2004) also investigated that green onion contained high levels of 

kampeferol (18-26 mg/ kg) than red onion (3-6 mg/ kg). Detection of lower level of 

kampeferol (0.27 mg/ kg) in onion in the present analysis may be supported by the fact 

that red onion edible part has been investigated. The color of the species is not only the 

limiting factor for the extent of phytochemicals. It has been reported earlier that red, 

violet, pink and yellow onions have higher amounts of flavonols (quercetin, kaempeferol 

etc.) than white and green (Patil et al., 1995; Prakash et al., 2007). 

After kampeferol, myricetin was the most widely occurring flavonol in vegetables 

with contribution of 146.2-1660.8 mg/ kg of dry matter. The ranking of vegetables on the 

basis of myricetin contents in decreasing order was as followed: spinach (1660.9) > 

cauliflower (1586.9) > carrot (525.3) > turnip (457.0) > peas (146.2). However, myricetin 

was not detected in cabbage, onion, and garlic. Rarely reports are available in literature 

regarding the contents of myricetin in vegetables used in the present work. According to 

Huang et al. (2007), myricetin was not detected during the analysis of phenolic 

compounds in 12 vegetables including peas and onion. 
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Quercetin was only detected in peas and onion, the concentration in onion (104.5 

mg/ kg of dry matter) was significantly (p < 0.05) higher than that determined in peas 

(36.4). The quercetin levels of peas (seed) in our study were found to be lower than that 

in peas hull (55.0 mg/ kg) as reported by Huang et al. (2006). These differences in the 

results may be attributed to the fact that peel tissues or outer covering of the seeds usually 

contain higher amounts of phenolis, anthocynins and flavonols (Li et al., 2006).  

Generally, the contents of quercetin are higher in outer layers of the onion than in 

the inner ones. Nuttila et al. (2003) reported that amounts of quercetin in onion varied 

from 7.0 to 83477 mg /kg, depending on the part of the plant and variety used. The 

quercetin levels of onion in the present study were found to be lower than those in red or 

yellow spring onion (1274 and 113 mg/ kg, respectively), however, greater than that 

found in giant onion (85 mg /kg) Nuutila et al. (2003). Among nine vegetables tested in 

the present study, garlic contained none of the flavonols (myricetin, quercetin, 

kaempeferol). Nuutila et al. (2003) also reported that garlic did not contain quercetin or 

kampeferol in detectable amounts, except for the organic leaves of garlic.   

 

5.4.2. Flavonols in fruits 

Data for the flavonols (myricetin, quercetin, kaempeferol) contents of 

different fruits are shown in table 4.4.2.  Kaempeferol concentration varied widely 

among fruits ranging from highest in mulberry (284.3 mg/ kg of dry matter) to 

lowest in plum (0.65 mg/kg of dry matter). Strawberry also contained appreciable 

amounts (192.6 mg/ kg) of kaempeferol, however, its concentration was quite low in 

apple (31.4 mg/ kg) and apricot (5.8 mg/ kg). 

The kaempeferol contents of strawberry, plum, and apple in the present 

investigation were found to be higher than those reported by Franke et al. (2004) for 

strawberry (6-13 mg/ kg) and plum and apple( <0.1 mg/ kg). The kaempeferol 

contents of strawberry (192.6 mg/ kg) determined in our analysis were with in the 

range investigated by Olsson et al. (2004), 108-437 mg/ kg. 

The levels of the second important flavonol i.e. quercetin, determined in the 

present analysis of fruits were noted to be highest in mulberry (359.4 mg/ kg of dry 

matter), followed by apricot (322.1), and apple (119.5). Detection of higher amounts 
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of quercetin in apricot than apple in our analysis is in agreement with the results of 

Dragovic-Uzelac et al. (2005), who investigated that quercetin 3-rutinoside levels of 

apricot (26.36 mg/ kg) are higher than those of apple (4.56 mg/kg). Van Der Sluis et 

al. (2004) reported that quercetin glycosides are the main flavonol in apple. The 

levels of quercetin reported by Franke et al. (2004) for apples with and without skin 

(7-76 mg/ kg), are quit lower than those determined in our study. On the other 

hand, quercetin was not detected in plum and strawberry in the present analysis. 

Franke et al. (2004), however, investigated the levels of quercetin in strawberry and 

plum to be 9-11 and 8-12 mg/ kg, respectively. Olsson et al. (2004) reported the 

amount of quercetin in strawberry to be 178-381%. Myricetin was detected only in 

plum and strawberry at levels of 564.12 and 3382.87 mg/ kg, respectively. Absence 

of myricetin in apple and apricot in our analysis is in agreement with the 

investigations of Franke et al. (2004) and Dragovic-Uzelac et al. (2005). 

5.4.3. Flavonols in medicinal plant organs 

The amounts of flavonols (myricetin, quercetin, kaempeferol) determined in 

different medicinal plant materials are presented in table 4.4.3. Kaempeferol was detected 

in all materials at varying levels, ranging from 0.51- 257.7 mg/ kg of dry matter. Highest 

contents were detected in Aloe vera leaves (257.7), followed by Ficus religiosa fruit 

(160.8), Moringa oleifera leaves (40.23), Acacia nilotica bark (21.72), Moringa oleifera 

root (13.88), Terminalia arjuna bark (8.87), Eugenia jambolana bark (1.26), and 

Azadirachta indica bark (0.51). 

Quercetin was also detected in all samples, except Moringa oleifera root at levels 

of 1.16-281.0 mg/ kg of dry matter. Maximum amounts were found in Moringa oleifera 

leaves (281.0), followed by Ficus religiosa fruit (256.3), Aloe vera leaves (94.8), Acacia 

nilotica bark (63.4), Azadirachta indica bark (31.9), Terminalia arjuna bark (7.74), and 

Eugenia jambolana bark (1.16). 

Myricetin was less frequently occurring flavonol in medicinal plant organs tested; 

however, its levels were considerably higher than quercetin and kaempeferol. Highest 

contents were offered by Moringa oleifera leaves (5804.3 mg/ kg of dry matter), 

followed by Aloe vera leaves (1283.5), Ficus religiosa fruit (694.0), Acacia nilotica bark 
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(188.9), and Moringa oleifera root (170.2). Conversely, the barks of of Eugenia 

jambolana, Azadirachta indica, and Terminalia arjuna were devoid of myricetin. 

Less information are available on the flavonol (myricetin, quercetin, kampeferol) 

contents of the medicinal plant organs/materials studied in the present work. Siddhuraju 

and Becker (2003) reported the quercetin and kampeferol levels of Moringa oleifera 

leaves (Sohanjana) to be 6340-27490 and 1050-647 mg/ kg, respectively. However, these 

literature data are quite higher than those investigated in our present study.  Generally, 

the flavonol contents (myricetin, quercetin, kaempeferol) determined in the present 

analysis of medicinal plant organs were found to be higher in the leaves and fruits parts. 

This is in agreement with the previous reports (Shahidi 1997). The photosynthesis 

reaction taking place in leaves results in accumulation of greater concentrations of the 

phytochemicals like flavonoids and phenolic acids (Silva et al., 2006).  

 

5.4.4. Flavonols in agro wastes   

Data for flavonols contents of different agro wastes are presented in table 4.4.4.  

The levels of flavonols (myricetin, quercetin, kaempeferol) were widely varied among 

different agro wastes. Myricetin was the main flavonol determined in the tested agro 

waste materials at concentration ranging from 32.85 mg/ kg of dry matter (rice hull) to 

2496 mg/ kg of dry matter (pomegranate peel). The agro wastes: rice bran, wheat bran, 

wheat husk and corncob were found to be devoid of myricetin. 

The levels of other two flavonols, quercetin and kaempferol in agro waste 

materials varied from 24.11-415.1 and 1.06-102.3 mg/ kg of dry matter, respectively.  

Maximum amounts of quercetin were detected in apple peel (415.1), followed by wheat 

husk (107.3), corncob (102.5), wheat bran (88.8), and pomegranate peel (24.1). While 

highest kaempferol levels were observed in pomegranate peel (102.3), followed by wheat 

bran (52.32), apple peel (51.54), and rice bran (1.06). On the other hand, quercetin and 

kaempferol were not detected in rice hull, wheat husk, citrus and banana peels. 

Overall, the results of the present analysis revealed that all fruit peels contained 

appreciably higher amounts of total flavonols than those determined in cereals by-

products. These results are in agreement with the previous reports which reveal that fruit 

peels contain higher levels of phenolis, anthocynins and (Li et al., 2006).  
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5.5. Quantification of phenolic acids from different plant materials 

using HPLC 

 

5.5.1. Phenolic acids in medicinal plant organs 

 The contents of phenolic acids in different medicinal plant materials as 

determined by HPLC in table 4.5.1 are shown. Wide variations in the contents of 

individual plenolic acids among medicinal plant organs tested were observed. Para-

coumaric acid was the most abundant phenolic acid occurring in all materials (0.04-41.3 

mg/ kg of dry matter). Among different medicinal plant sources, the leaves of Moringa 

oleifera were found to be richer in p-coumaric, ferulic, caffeic, sinapic, and syringic acids 

at concentration of 41.3, 26.6, 39.8, 28.7, and 46.8 mg/ kg, respectively. Vanillic acid was 

also detected in Moringa oleifera leaves, however, at relatively lower concentration (4.7 

mg/kg). The roots of Moringa oleifera also contained all the acids that were isolated in 

leaves; however, their concentrations were quite lower as compared with leaves i.e. p-

coumaric, ferulic, caffeic, sinapic, syringic and vanillic acids contents of 13.9, 1.5, 2.5, 

1.7, 13.8 and 1.8 mg/ kg, respectively. Para-coumaric, caffeic, vanillic, gallic and sinapic 

acids were also detected in fruit of Ficus religosa at levels of 5.1, 2.7, 1.9, 2.1 and 1.6 

mg/ kg, respectively. The leaves of aloe vera contained p-coumaric acid as the major acid 

(32.7), followed by ferulic acid (16.2), vanillic acid (2.4), and syringic acid (0.7 mg/ kg). 

Among four different trees: Azadirachta indica bark was found to be the richest source of 

phenolic acids offering caffeic, gallic, ferulic, sinapic, p-coumaric, vanillic and syringic  

acids at 3.5,2.1, 1.4, 0.9, 0.6, 0.3, 0.2 mg/kg, respectively.  

 

 

 

5.5.2. Phenolic acids in agro wastes 

The concentrations of phenolic acids determined in different agro wastes are 

shown in table 4.5.2. Significant (p < 0.05) variations in the contents of individual 

phenolic acids among sources were examined. Among cereals by products tested, wheat 



 xxxi 

bran mainly consisted of caffeic acid (54.6) followed by sinapic (50.6), syringic (21.3), p-

coumaric (18.5), vanillic (16.9), and ferulic (16.2 mg /kg of dry matter) acids. All these 

acids, except p-coumaric acid were also detected in wheat husk, however, at relatively 

lower concentrations, 2.8 to 9.9 mg/ kg than those determined in wheat bran. Corn cob 

also showed the presence of vanillic, p-coumaric, ferulic, caffeic, sinapic and syringic 

acids at levels of  2.91, 9.56, 11.9, 0.8, 1.6, and 0.8 mg/ kg, respectively.  

Rice bran and rice hull were found to be the poorer sources of phenolic acids. 

Major acids, detected in these materials, were ferulic and p-coumaric acids, having 

concentrations at 0.98-3.64 and 1.93-2.03 mg/ kg of dry matter, respectively. These 

results are in agreement with those of Tian et al. 2004, who reported that ferulic and p-

coumaric acids are major phenolic acids of rice. Among fruits peels, citrus and 

pomegranate peels exhibited higher contents of phenolic acids. Caffeic acid was the main 

phenolic acid (57.1), detected in pomegranate peel followed by p-coumaric (54.9), gallic 

(23.6), ferulic (21.3), and vanillic (16.7) acids. While, citrus peel exhibited the highest 

amounts of sinapic acid (68.7) followed by ferulic (54.6), vanillic (21.7), caffeic (14.4), 

p-coumaric (10.4), and syringic (1.1) acids. Apple peel also offered good amounts of 

phenolic acids such as caffeic acid (31.7) followed by p-coumaric (12.2), sinapic (5.8), 

and ferulic (1.4) acids. The peel from banana was found to be the poor source of phenolic 

acids i.e. contribution of gallic, sinapic and p-coumaric acids at levels of 2.9, 0.2, 0.3, 

respectively.  

 

 

5.5.3. Phenolic acids in vegetables 

Amounts of phenolics acids determined in different vegetable are presented in 

table 4.5.3. Significant (p < 0.05) variations in the contents of phenolic acids among 

vegetables analyzed were observed. Except garlic, all other vegetables contained 

appreciable amounts of  phenolic acids. Onion, being as the richest source of phenolic 

acids, contained feurlic acid as the main component (55.6 mg/ kg of dry matter).  The 

amounts of vanillic and p-coumaric acids in onion were 46.9 and 36.8 mg/kg, 

respectively. The contribution of these acids in onion in the present analysis was found to 
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be lower than earlier report of Djurdjevic et al. (2004). Other phenolic acids detected in 

onion were sinapic acid and caffeic acid, 25.0 and 1.3 mg/ kg, respectively.   

P-coumaric acid was the main phenolic acid determined in spinach (53.1 mg/ kg). 

Other acids detected were vanillic acid (16.1), ferulic acid (15.3), caffeic acid (12.9), and 

syringic acid (9.8 mg/kg). P-coumaric acid also ranked as the major phenolic constituent 

of cauliflower (43.3) followed by sinapic (13.2), ferulic (12.4), and gallic (1.2 mg/kg) 

acids. Cabbage offered vanillic acid as the major phenolic compound (48.1 mg/ kg). 

Other acids that included p-coumaric, sinapic, caffeic and syringic acids in cabbage 

existed at concentrations of 15.9, 9.3, 12.1, and 0.7, respectively.  

The contents of vanillic, caffeic, sinapic and syringic acids determined in turnip 

were found to be 26.8, 17.2, 13.2, 8.6, and 3.2 mg /kg. Peas and carrot also contained 

considerable amounts of phenolic acids. Ferulic and p-coumaric acids were mainly 

detected in peas and carrot, respectively. Other isolated acids of peas were vanillic, p-

coumaric, caffeic, and sinapic acids, 3.2, 5.1, 2.9, and 11.2 mg/ kg, respectively. Among 

the vegetables examined in this study, garlic was found to be the poorer source of 

phenolic acids exhibiting vanillic, p-coumaric, ferulic, caffeic, and sinapic acids at levels 

of 0.03, 0.06, 0.03, and 0.09 mg/ kg, respectively.    

 

5.5.4. Phenolic acids in fruits 

The concentrations of phenolic acids determined in different fruits are presented 

in table 4.5.4. The contents of phenolic acids significantly (p < 0.05) varied among fruits 

tested. The fruits tested mainly contained p-coumaric, ferulic and caffeic acids. The 

concentration of p-coumaric acid in strawberry was 47.5 mg/ kg of dry matter, followed 

by sinapic (23.3), ferulic (14.9), caffeic (13.6), and gallic (13.6) acids. Ferulic acid was 

the major phenolic acid of mulberry (32.9 mg/kg), followed by p-coumaric (22.4), 

vanillic (16.9), syringic (12.7), and caffeic (11.9) acids. Plum and apple also offered 

caffeic acid as the major phenolic compound with contribution at 32.8 and 26.1 mg/kg, 

respectively. The concentration of p-coumaric acid (10.2 mg/kg) and caffeic acid (26.1) 

determined in apple was found to be higher than that (9.53 and 13.2, respectively) 

investigated by Dragovic-Uzelac et al. (2005). P-coumaric acid (23.6 mg/kg) was 

determined to be the main phenolic acid in apricot. The amounts of ferulic, caffeic, and 
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gallic acids determined in apricot were 13.9, 6.7, and 4.54 mg/ kg, respectively. 

Dragovic-Uzelac et al. (2007) reported somewhat lower levels of ferulic (5.09-10.81), 

caffeic (2.39-7.83), and gallic (2.35-3.47 mg/ kg) acids in apricot than our present results. 

  

 

Part V 

 

5.6 Quantification/authentication of flavonols and phenolic acids in different 

plant materials using GC-MS  

 

5.6.1. Flavonols contents of different plant materials 

 

Flavonols (myricetin, quercetin, kaempeferol) quantified by HPLC in the present 

investigation of different plant materials, were further authenticated by using GC-MS. No 

significant (p < 0.05) variations were found in the flavonols contents of different plant 

materials as quantified by both of the GC-MS and HPLC techniques (data not shown). 

  

 

5.6.2. Phenolic acids contents of different plant materials 

Phenolic acids, quantified by HPLC in different plant materials in the present 

investigation, were further authenticated using GC-MS. Similar results revealing non-

significant (p < 0.05) variations for the contents of individual phenolic acids between two 

methods were observed. However, some additional phenolic acids were identified using 

GC-MS. 

 The phenolic acids profiles of different plant materials determined using GC-MS 

are presented in tables 4.6.1 to 4.6.4. In general, the additional phenolic acids identified, 

were benzoic, cinnamic, p-hydroxybenzoic, and protocatechuic acids. Gallic acid 

separated by HPLC in the samples investigated, however was not detected using GC-MS. 
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The levels of vanillic, p-coumaric, ferulic, caffeic, sinapic, and syringic acids detected by 

GC-MS were comparable to those determined by HPLC.  

GC-MS data showed that among additionally identified acids (benzoic, cinnamic, 

p-hydroxybenzoic, and protocatechuic); cinnamic acid was the most abundant 

component, occurring in all medicinal plant organs. In case of agro wastes, cinnamic acid 

was also noted to be the most abundant acid, while benzoic and protocatechuic acids 

were found in few samples. P-hydroxybenzoic acid was determined in all the tested 

vegetables to varying concentrations. Protocatechuic acid was also found in all 

vegetables, except turnip. However, benzoic and cinnamic acid were detected only in few 

vegetables. Almost all the fruit samples revealed the presence of p-hydroxybenzoic and 

protocatechuic acids. Moreover, cinnamic cid, detected in all fruits was absent in apricot. 

Benzoic acid was the least prevalent phenolic compound, found in different fruit samples.  

 

Overall, the concentrations of phenolic acids determined in different plant 

materials using GC-MS were slightly (p < 0.05) lower than those obtained by HPLC. 

This may be attributed to the losses of some amounts of the phenolic acids during 

conversion into trimethylsilylated derivatives for GC-MS analysis.    

 

Part VI 

 

5.7.   Antioxidant potential of agro wastes extracts for stabilization and 

preservation of vegetable oils 

After preliminary assessment of antioxidant activities and total phenolic 

contents of agro wastes, the agro wastes-derived extracts were further evaluated for 

potential applications towards stabilization and protection of vegetable oils. The 

magnitude of oxidative alterations in the extract-stabilized oils was followed by the 

measurements of peroxide value, conjugated dienes and conjugated trienes contents and 

para-anisidine values. 
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5.7.1. Antioxidant potential of agro wastes extracts for preservation of corn 

oil (hot-air oven storage) 

5.7.1. 1. Peroxide value 

Measurement of the peroxide value is an important indicator for assessment of 

primary oxidation products in oils (Shahidi and Wanasundara 1997). Peroxide value 

(PV) data for the stabilized and control corn oil (oil containing no agro waste extract 

or synthetic antioxidant), over an incubation period of 30 days at 60 °C in an oven is 

shown in table 4.7.1. The addition of synthetic antioxidant (BHT) at 200 ppm 

concentration and methanolic extracts of different agro wastes materials at 600 ppm in 

corn oil (with respect to the control) greatly decreased the formation of peroxides, a 

decline of 42.5-70.0% in PV. The rate of decline in PV was highest in that sample of 

corn oil which was stabilized with pomegranate peel extract (70.0%), followed by 

apple peel (64.6%), citrus peel (61.6%), banana peel (58.4%), corncob (55.8%), BHT 

(55.3%), wheat bran (53.6%), rice bran (51.3%), wheat husk (48.8%), and rice hull 

(42.5%) extracts.  

Peroxide value is often used as a measure of primary level oxidation state of oil, 

fat and fatty foods, hence, efficacy of an antioxidant extract to prevent or delay the 

onset of oxidation could be predicted by the magnitude of PV. The oils stabilized with 

synthetic or natural antioxidants usually show lower PV and thus extended induction 

periods (Anwar et al., 2006). Limited reports are available in literature regarding the 

effectiveness of the presently investigated plant extracts to protect vegetable oils 

against oxidation. According to Devi et al. (Devi et al., 2007), the decline in PV of 

soybean oil stabilized with crude methanolic extract of rice bran at the end of 

incubation period (at 60 
o
C) of 15 days was 32.7%. Zia-ur-Rehman (2006) 

investigated the antioxidant activity of citrus peels extracts towards stabilization of 

corn oil, stored at 25 
o
C over a period of 6 months. His results indicated an appreciable 

decline (89.9-93.9%) in the PV of corn oil as result of stabilization with citrus peel 

extracts. Chatha et al. (2006) also reported a considerable decrease in PV (22.2-

45.6%) of sunflower oil using 100 and 80% acetone and methanolic extracts of rice 

bran. The difference in the results of inhibition of PV in these studies with our present 

investigation may be attributed to varied nature of substrate oil, storage conditions and 
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the concentration of the extracts employed. However, in all such cases lower values of 

PV for stabilized oils as compared with those of control oils clearly indicated the 

effectiveness of the extracts towards preventing oxidation of oil.     

 

 

5.7.1. 2. Conjugated dienes (CD) and trienes (CT) contents 

Conjugated dienes (CD) and conjugated trienes (CT) contents of corn oil 

stabilized with methanolic extracts of different agro waste materials and BHT along 

with those of control are shown in table 4.7.2 and 4.7.3, respectively. The CD and CT 

contents in the tested oils increased parallel to increase in incubation period, however 

with greater rates for control. The extract-stabilized oils (with respect to the control) 

showed significantly (p <0.05) lower levels of CD and CT, indicating antioxidant 

efficacy of the extracts employed. The declines (with respect to the control) in the rise 

of CD and CT for corn oil stabilized with extracts were 38.3-71.8 and 33.2-59.1%, 

respectively which might be attributed to the antioxidant activity of the extracts. The 

lowest levels of CD and CT were accounted for corn oil samples stabilized with 

extract of pomegranate peel, followed by apple peel, citrus peel, banana peel, corncob, 

wheat bran, rice bran, wheat husk, and rice hull extracts.  

Devi et al. 2006 investigated decline in the rise of CD of soybean oil up to 

38.1% as compared to control, using methanolic extract of rice bran. Chatha et al. 

(2006) reported that addition of 100 and 80% acetone and methanolic extracts of rice 

bran in sunflower oil (room temperature storage) reduced the CD and CT up to 39.2-

54.9% and 11.1-36.1%, respectively. Anwar et al. (2007) evaluated the antioxidant 

activity of Moringa oleifera leave extract for protection of sunflower oil (under 

ambient aging) by determining the values of CD and CT. The antioxidant activity of 

garlic extracts in sunflower oil has also been assessed under accelerated storage 

conditions, using CD and CT as indicators of oxidative degradation (Iqbal and 

Bhanger 2007).   

 

Measurements of CD and CT are often used as potential parameters for 

prediction of oxidative stability of the oils (Shahidi and Wanasundara 1997). Lipids 
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containing methylene-intrupted dienes or polyenes show a shift in their double bond 

position during oxidation. The resulting conjugated dienes exhibit intense absorption 

at 232 nm; similarly conjugated trienes absorb at 268 nm. The increase in CD and CT 

contents is generally proportional to the uptake of oxygen. Presence of higher levels of 

CD and CT is usually correlated with poor oxidative state of the oils (Chatha et al., 

2006).   

 

 

5.7.1. 3. Para-anisidine (P-A) value  

   Determination of p-anisidine value is a reliable approach to examine the 

secondary oxidation products, mainly non-volatile carbonyls (alkanels and 2, 4 

dialkanels) formed during lipid oxidative degradation of oils. Aldehydic compounds in 

oil and p-anisidine reagent react with each other under acidic conditions, resulting in 

the formation of yellowish colored complex, the concentration of which is determined 

spectrophotometrically by recording absorbance at 350 nm. Greater the absorbance, 

greater will be the concentration of aldehydes, indicating lower oxidative stability of 

the oil (Anwar et al., 2006).  

Table 4.7.4. shows the p-anisidine values determined for stabilized and control 

corn oil. The periodical analysis of the oil samples stabilized with antioxidant extracts 

revealed an appreciable decline in p-anisidine values (19.2-51.2%) as against control. 

Statistical analysis of the data showed that p-anisidine values for control (corn oil with 

out any extract) were significantly (P < 0.05) higher as compared with extract-

stabilized corn oil. Pomegranate peel extract was found to be the most effective in 

retarding the p-anisidine value (51.2% decline); while rice hull extract displayed the 

least efficiency (19.2% decline). Literature revealed that p-anisidine values of soybean 

oil, stabilized (at 60 
o
C, 15 days storage period) with crude methanolic extracts of rice 

bran were decreased up to 24.0% (Devi et al., 2007). In another study (Chatha et al., 

2006), the decline in the rise of p-anisidine value of sunflower oil stabilized (ambient 

storage) with 100 and 80% acetone and methanolic extracts of rice bran ranged from 

20.6-51.1%. The extent of decline in p-anisidine value in the present study was ranged 

from 33.2-59.1%. Such variations might be attributed to the varied nature of extracts, 
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substrate oils and storage conditions employed. The measurement of p-anisidine value 

to assess potential of natural antioxidants in vegetable oils is generally accepted as a 

reliable method (Anwar et al., 2006).   

 

 

5.7.2. Antioxidant potential of agro wastes extracts for preservation of corn 

oil (microwave oven storage) 

Results showing the effect of microwave heating are presented in tables 4.7.5 to 

4.7.8. The rate of decline in PV was highest in the oil sample stabilized with 

pomegranate peel extract (71.4%), followed by apple peel (63.9%), citrus peel 

(62.9%), banana peel (59.3%), BHT (56.6%),  corncob (54.3 %), wheat bran (54.1%), 

rice bran (52.6%), wheat husk (49.3%), and rice hull (43.1%) extracts.  

The decline (with respect to the control) in the rise of CD and CT (table 4.7.7) 

for corn oil stabilized with different agro waste extracts ranged from 38.9-70.2 and 

33.8-60.3%, respectively. The lowest levels of CD and CT accounted for corn oil 

samples stabilized with pomegranate peel extract (4.66 and 4.42 increase from initial), 

followed by apple peel (4.83 and 4.81), citrus peel (5.54 and 5.10), banana peel (5.57 

and 5.51), corncob (5.83 and 5.78), wheat bran (6.52 and 6.02), rice bran (8.50 and 

6.31), wheat husk (9.09 and 6.89), and rice hull (9.56 and 7.37) extracts.  

The periodical analysis of the oils stabilized with antioxidant extracts as a 

function of storage period also revealed an appreciable decline in p-anisidine values 

(19.6-51.9%) with respect to the control. Pomegranate peel extract was found to be the 

most effective in retarding the p-anisidine value (51.9% decline), while rice hull 

extract displayed the least efficiency (19.6% decline).  

The results of the tested oxidation parameters indicated the lowest levels of 

peroxide, p-anisidine conjugated diene and conjugated triene values to be accounted 

for corn oil samples stabilized with extracts from pomegranate peel, followed by apple 

peel, citrus peel, banana peel, corncob, wheat bran, rice bran, wheat husk, and rice 

hull.  
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5.7.3. Antioxidant potential of agro wastes extracts for preservation of corn 

oil (ambient storage) 

Data showing the antioxidative effects of extracts in corn oil under ambient 

storage are presented in table 4.7.9-4.7.12. The tested extracts notably retarded the 

oxidation of corn oil. The rate of  decline in PV, PA, CD, and CT of the tested corn oil 

under ambient storage  ranged from  43.8 to 71.9, 38.9 to 72.8,  34.2 to 60.6, and 20.3 

-52.6 %, respectively. Result indicated that the effectiveness of different agro wastes 

extracts towards retardation of oxidation of corn oil under ambient storage was almost 

similar to that observed under accelerated storage (hot air oven and microwave). 

However, it was noted that the extent of oxidative deterioration, in terms of 

measurements of given oxidation parameters, in corn oil stored under ambient 

condition was relatively lower. As expected, the corn oil sample, stabilized with 

pomegranate peel extract was found to show the least levels of PV, P-A, CD and CT, 

thus indicating high antioxidant effectiveness of pomegranate peel. The other agro 

waste extracts tested under ambient storage of corn oil also exhibited similar 

antioxidant trends as were observed under accelerated storage. 

 

5.7.4. Antioxidant potential of agro wastes extracts for stabilization of 

sunflower oil (hot -air oven storage) 

The antioxidant potential of different agro wastes extracts was also assessed 

using sunflower oil as oxidation substrate (table 4.8). The tested agro wastes extracts 

exhibited almost similar antioxidant effects towards improving oxidative stability of 

sunflower oil as were examined for corn oil. The only differences observed were in 

terms of varied extents of decline in the rise of selected oxidation parameters. The rates 

of decline in the values of PV, P-A, CD and CT of sunflower oil were relatively lower, 

41.8-65.9, 18.7-48.8, 37.6-70.2, and 32.6-59.6%, respectively as compared with corn 

oil, subjected to identical storage. These results indicated somewhat lower antioxidant 

effectiveness of the agro waste extracts towards stabilization of sunflower oil than corn 

oil which might be attributed to the varied degree of unsaturation and chemical nature 

of sunflower oil. Overall, all the tested agro wastes extracts were noted to be quite 
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effective towards retarding the oxidation of sunflower oil under accelerated storage, 

revealing good antioxidant potential.  

 

5.7.5. Comparison of decline in the oxidation parameters of vegetable oils under 

different storage conditions using antioxidant extracts from agro wastes  

 

The antioxidant activity of different agro wastes extracts for preventing oxidation 

of sunflower and corn oils was also evaluated and compared under different storage 

conditions i.e. hot air-oven (60 
o
C, 8 hours heating cycle per day for 30 days), microwave 

oven (medium power setting for 21 min.), and ambient storage (average temperature 32.5 

o
C for 6 months). The results (with respect to the control) of extracts-stabilized corn oil 

(table 4.9) indicated that maximum declines in the values of peroxide, p-anisidine 

conjugated dienes and trienes were existed when the oil was stored under ambient 

conditions (room temperature, 6 months) (43.8-71.9, 20.3-52.6, 39.4-72.8 and 34.2-

60.6%, respectively) followed by storage under microwave heating (21 min) (43.1-71.4, 

19.6-51.9, 38.9-70.2, and 33.8-60.3%, respectively) and then under hot-air oven heating 

(60 
o
C for 30 days) (42.5-70.0, 19.2-51.2, 38.3-71.8, and 33.2-59.1%, respectively). 

Similar results were obtained for sunflower oil (table 4.10), except that the extents of 

decline in oxidation parameters as compared with control were lower. Maximum decline 

in the peroxide, p-anisidine, conjugated diene and triene values were observed when oil 

was stored under ambient (room temperature for 6 months) conditions (41.9-70.8, 19.3-

49.9, 39.6-72.2, and 33.9-60.2%, respectively) followed by storage under microwave (for 

21 min) heating (40.3-71.8, 18.2-49.1, 38.6-71.8, and 32.8-59.9%, respectively) and then  

under hot-air oven (60 
o
C for 30 days) heating (41.8-65.9, 18.7-48.8, 39.1-70.2, and 32.6-

59.6%, respectively).  

From the results of this part of study it is possible to declare that not only the type 

of extract and the substrate oil, nevertheless the storage conditions of oils also affected 

the antioxidant efficacy of the tested extracts. Furthermore, the greater extents of 

oxidative degradation, observed for the tested stabilized and control vegetable oils under 

accelerated storage (hot-air oven) may be attributed to higher storage temperature. 

Although temperature in microwave storage was also rather high; however, storage 
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period was much shorter than that of hot-air oven storage. It is reasonable to conclude 

that the storage conditions and storage periods of oils are also important factors, which 

contribute to the oxidative degradation of the oils in question as well these can affect the 

antioxidant efficacy of the extracts employed.   
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Summary  

Natural antioxidants have attracted a great deal of public and scientific 

interest because of their anticarcinogenic potential and other health-promoting 

effects. Antioxidants are our first line of defense against free radical damage, and 

play a key role for maintaining optimum human health and well-being. Besides, the 

valuable role of antioxidants in the prevention of diseases, these are also used to 

prevent food deterioration during processing, distribution, and later storage stages 

caused by lipid oxidation. 

 The research work presented in the present dissertation was conducted in 

the laboratories of Department of Chemistry, University of Agriculture, Faisalabad, 

Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, and National 

Center of Excellence in Analytical Chemistry (NCEA), University of Sindh, 

Jamshoro, Pakistan.   A total of 30 plants materials were assayed from different 

regions of Pakistan. For convenience, the specimens were classified into four 

groups: vegetables, fruits, medicinal plant organs, and agro wastes. Experiments 

were conducted to investigate the effects of processing, drying and extraction 

(solvent media/ techniques) on the antioxidant efficacy of the chosen plant materials, 

followed by quantification of selected phenolic antioxidants using HPLC and GC-

MS. Furthermore, efforts were made to appraise the antioxidant activity of the agro 

wastes extracts for stabilization and preservation of vegetable oils, against oxidation, 

under diverse storage conditions.  

Results indicated considerable variations in the phenolic contents and antioxidant 

activities of the tested plant materials as function of drying methods employed. 

Generally, freshly analyzed plant materials exhibited higher phenolic contents and 

antioxidant activities followed by dried at 80 
o
C and then ambient-dried (dried at room 

temperature).  

So far as is concerned about the effects of extraction methods on antioxidant 

ctivivity of plant material,  it was noted that aqueous solvent (80% methanol, 80% 

ethanol) extracts, prepared by both of the shaker and reflux extraction techniques 

exhibited better antioxidant activities and phenolics contents. Moreover, higher 

antioxidant extracts yields from plant materials were obtained using reflux extraction 
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technique then by shaker, regardless of the solvent system used. Nevertheless, the total 

phenolic contents and antioxidant activities of the tested plant materials decreased when 

these were extracted using reflux technique.   

The coking processes significantly (p< 0.05) affected the antioxidant properties of 

the tested vegetables. Among cooking treatments employed, microwave heating exhibited 

more deleterious effects on the total phenolics contents (TPC) of vegetables than boiling 

and frying. Reducing power of the vegetables increased after frying and decreased due to 

boiling and microwave treatment. Overall, boiling and frying were noted to be relatively 

better techniques than microwave to process/ cook vegetables. This information may be 

useful for selection of proper cooking techniques for processing of vegetables and other 

related food products. Of the fresh and processed vegetables examined in the present 

study; cabbage, cauliflower and spinach containing greater amounts of total phenolics 

(1.40 to 2.79, 0.56 to 2.72, and 2.02 to 2.68, respectively) also demonstrated superior 

antioxidant activities as determined by the measurements of  (measurement of reducing 

power, inhibition of lipid peroxidation and DPPH radical scavenging activity).  

The data obtained for the HPLC and GC-MS characterization and quantification 

of phenolic antioxidants showed that leaves of Moringa oleifera contained high levels 

(6125.6 mg/kg of dry matter) of flavonols (myricetin, quercetin, kampeferol). 

Cauliflower, spinach, leaves of Aloe vera, fruit of Ficus religosa, peels of citrus and 

pomegranate, and strawberry also offered appreciable amounts of myricetin, quercetin 

and kampeferol. Among the tested plant materials, leaves of Moringa oleifera and Aloe 

vera, fruit of Ficus religiosa, wheat bran, pomegranate peel, apple peel, strawberry, 

mulberry, plum, onion and cauliflower contained relatively higher amounts of phenolic 

acids, most prevalently, para-coumeric, ferulic and caffeic acids, suggesting their 

utilization as nutraceutical and functional foods ingredients for promoting health of 

consumes.  

Investigations related to evaluating the potential applications of selected plant extracts 

(agro wastes extracts) for stabilization and protection of some vegetable oils revealed that 

fruits peel extracts exhibiting higher TPC and antioxidant activities were  more potent 

towards enhancing the oxidative stability of vegetable oils under different storage 

conditions. The tested agro wastes may be explored as potential sources of antioxidant of 
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natural origin for applications in local vegetable oil and fat processing industries to 

protect their products from oxidative deterioration. It was further observed that not only 

the type of extract and the substrate oil, nevertheless the storage conditions of oils also 

affected the antioxidant efficacy of the extracts employed.  

Overall, the results of the present study support the utilization of the investigated 

plant materials and derived extracts, indigenous to Pakistan as potential sources of natural 

antioxidants and valuable phenolics. The data of the present research prompt the 

utilization of the tested material both for dietary foods and as nutraceutical and functional 

food components. However, it is suggested to evaluate the cytotoxicity of the tested plant 

extracts/materials before being employed for food or other related applications. Further 

investigations involving more detailed in vitro and in vivo studies are recommended to 

ascertain inclusive phenolics antioxidant system of these plant materials and develop 

their applications for specific food or nutraceutical purposes.  
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