
 1

EXTRACTION OF GREEN TEA CATECHINS FOR THE 

PREPARATION OF FUNCTIONAL DRINK: 

CORRELATION WITH LIFESTYLE-RELATED 

DISORDERS  

 
By 

RABIA SHABIR AHMAD  

M.Sc. (Hons.) Food Technology (UAF) 

 

 
A dissertation submitted in partial fulfillment 

of the requirements for the degree of 

 

 

 
DOCTOR OF PHILOSOPHY 

IN 

FOOD TECHNOLOGY 

 

   

NATIONAL INSTITUTE OF FOOD SCIENCE & TECHNOLOGY 

UNIVERSITY OF AGRICULTURE 
FAISALABAD 

2010 



 2

To  
 The Controller of Examination, 
 University of Agriculture, 
 Faisalabad. 
 
 
‘‘We, the Supervisory Committee, certify that the contents and form of thesis 
submitted by Miss Rabia Shabir Ahmad, Regd. No. 97-ag-1370, have been found 
satisfactory and recommend that it be processed for evaluation by External 
Examiner(s) for the award of degree.’’ 
 
 
SUPERVISORY COMMITTEE: 
 
 
 Chairman                                      
_______________________________________ 

(Dr. Masood Sadiq Butt) 
 
            
 
 
           Member                                         
_______________________________________ 
                                                                                         (Dr. Nuzhat Huma)  
 
 
 
 
           Member                                         
_______________________________________ 
     (Dr. Amer Jamil)   
  
 



 3

 

 

 

 

DEDICATED  

TO 

HOLY PROPHET MOHAMMED 

(Peace be upon Him) 

 

 



 4

LIST OF CONTENTS 
 

i Acknowledgments I 
ii List of tables ii 
iii List of figures iv 
iv List of appendix v 
v ABSTRACT vi 
 
1. INTRODUCTION 1 
 
2. REVIEW OF LITERATURE 6 
2.1. Green tea; an overview 7 
2.2. Extraction of catechins 9 
2.3. In vitro studies of green tea 12 
2.4. Functional foods and beverages 14 
2.5. Lifestyle disorders and green tea 18 
2.5.1. Obesity 20 
2.5.2. Hypercholesterolemia 21 
2.5.3. Hyperglycemia and hyperinsulinemia 23 
2.5.4. Antioxidant potential 25 
2.6. Health claims of epigallocatechin gallate (EGCG) 28 

 
3. MATERIALS AND METHODS 31 
3.1. Materials 31 
3.2. Characterization of green tea 31 
3.2.1. Proximate analysis 31 
3.2.1.1. Moisture content 31 
3.2.1.2. Crude protein 32 
3.2.1.3. Crude fat 32 
3.2.1.4. Crude fiber 32 
3.2.1.5. Total ash 32 
3.2.1.6. Nitrogen free extract 32 
3.2.2. Minerals  32 
3.2.3. Polyphenols  33 
3.2.4. Alkaloids  33 
3.3. Extraction from green tea 33 
3.3.1. Extraction of catechins 33 
3.3.2. Extraction of epigallocatechin gallate (EGCG) 36 
3.4. HPLC analysis of catechins 36 
3.5. In vitro studies 36 
3.5.1. Antioxidant potential of extracted catechins and EGCG 36 
3.5.1.1. Free radical scavenging activity (DPPH assay) 38 
3.5.1.2. Antioxidant activity 38 
3.5.2. Glucose diffusion 38 
3.6. Selection of best treatment 39 
3.7. Functional drink 39 



 5

3.7.1. Physico-chemical analysis of functional drinks 39 
3.7.1.1. Color  40 
3.7.1.2. Soluble solids 40 
3.7.1.3. pH 40 
3.7.1.4. Total acidity 40 
3.7.1.5. Sensory evaluation 40 
3.8. Efficacy studies 41 
3.8.1. Feed and drink intake 43 
3.8.2. Body weight gain 42 
3.8.3. Organs weight 43 
3.8.4. Serum lipid profile 43 
3.8.4.1. Cholesterol  43 
3.8.4.2. High density lipoprotein 43 
3.8.4.3. Low density lipoprotein 43 
3.8.4.4. Triglycerides  44 
3.8.5. Serum glucose and insulin levels 43 
3.8.6. Antioxidant status 44 
3.8.7. Liver function tests 44 
3.8.8. Renal function tests 44 
3.8.9. Serum proteins 44 
3.9. Statistical analysis 45 
 
4. RESULTS AND DISSCUSSION 46 
4.1. Characterization of green tea 46 
4.2. Extraction and analysis of active ingredients 48 
4.3. In vitro studies 59 
4.4. Product development 64 
4.4.1. Sensory evaluation 74 
4.5. Efficacy studies 79 
4.5.1. Feed intake 79 
4.5.2. Drink intake 79 
4.5.3. Body weight  85 
4.5.4. Organs to body weight ratio 92 
4.5.5. Cholesterol  94 
4.5.6. High density lipoprotein (HDL) 100 
4.5.7. Low density lipoprotein (LDL) 102 
4.5.8. Triglycerides  106 
4.5.9. Glucose  110 
4.5.10. Insulin  115 
4.5.11. Glutathione  120 
4.5.12. Thiobarbituric acid reactive substances (TBARS) 125 
4.5.13. Safety evaluation 129 
4.5.13.1. Liver function tests 129 
4.5.13.1.1. Alanine transaminase (ALT) 129 
4.5.13.1.2. Aspartate aminotransferase (AST) 131 
4.5.13.1.3. Alkaline phosphatase (ALP) 133 



 6

4.5.13.1.4. Bilirubin  133 
4.5.13.2. Kidney function tests 135 
4.5.13.2.1. Urea  135 
4.5.13.2.2. Creatinine  138 
4.5.13.3. Serum proteins 138 
4.5.13.3.1. Total proteins 138 
4.5.13.3.2. Albumin  141 
4.5.13.3.3. Globulin  141 
4.5.13.3.4. A/G ratio 144 
 
5. SUMMARY 146 
 RECOMMENDATIONS 153 
 LITERATURE CITED 154 
 APPENDICES  
 



 7

ACKNOWLEDGEMENT 
    

I felt m yself inept as have lost m y w ords, w ords to thanks The Creator, The M aster of U niverse, w ho gave 

m e the courage and w ill to sum m on m y efforts and to put m y all efforts enclosed in  this presentable form . I 

am  really thankful for all H is blessings and support to attain  m y am bitions and goals. 

 

M y eyes are fu ll of tears and the diction  has lost its identity to hum bly express gratitude to the teacher, the 

lam p, The H oly  P rophet M oham m ed  (P .B .U .H )H oly  P rophet M oham m ed  (P .B .U .H )H oly  P rophet M oham m ed  (P .B .U .H )H oly  P rophet M oham m ed  (P .B .U .H ) w ho gave the m ankind a vision , a road to success, and to 

identify oneself from  the w rongs and noble deeds. I  am  indebt to H oly P rophet for narrating the m essage of 

A llah A lm ighty to m ankind and to give a concept of right and w rong. 

   

  I have been very lucky throughout m y life as I have been bestow ed w ith the special blessings of A llah 

A lm ighty. I am  proud enough to have a kind, caring  and a true teacher indeed  in  the form  of m y 

respectable and honorable supervisor D r. M asood  Sadiq B uttD r. M asood  Sadiq B uttD r. M asood  Sadiq B uttD r. M asood  Sadiq B utt, A ssociate P rofessor N ational Institute of 

F ood Science and Technology, U niversity of A griculture, F aisalabad w ho had been very cooperative and 

caring throughout m y research w ork and plan out of m y studies. I am  thankful to him  for suggestions and 

positive criticism  that m ade m e strong enough to give m y dissertation in  this acceptable form . 

 

I deem  it m y utm ost pleasure in  expressing m y gratitude w ith the insightful benedictions to D r. N uzhat D r. N uzhat D r. N uzhat D r. N uzhat 

H um a A ssociate P rofessor, H um a A ssociate P rofessor, H um a A ssociate P rofessor, H um a A ssociate P rofessor, N ational Institute of F ood Science &  Technology, U niversity of A griculture, 

F aisalabad. H er sym pathetic attitude and parental guidance is w orth appreciating. H er suggestions and 

criticism  are indeed incalculable w ealth for m e. I am  also very abstem ious to D r. A m er JamD r. A m er JamD r. A m er JamD r. A m er Jam il il il il D epartm ent 

of B iochem istry, U niversity of A griculture, F aisalabad for his brotherly advices and suggestions in  the 

plan out of the research project. 

       

N o acknow ledgem ent can ever be com pleted w ithout paying gratitude to friends, a  battalion  for ones 

success. Their gossips and chats have really strengthened m y m otives and am bitions to com plete m y 

dissertation in  the best doable m anner. I am  extrem ely thankful to m y Ph. D  F riends. I feel unjust here if 

not to thank m y A dorable Juniors for giving m e out special tim e of their routines to support m e and 

m otivate m e throughout m y research project 

 

I w ould also like to thanks H igher E ducation  Com m ission  Pakistan  H igher E ducation  Com m ission  Pakistan  H igher E ducation  Com m ission  Pakistan  H igher E ducation  Com m ission  Pakistan  for the financial support and 

provision  of research articles. I w ould here just com m ent that w ithout the support of H igher E ducation 

Com m ission I w ould never have been in  the position  to  continue m y research w ork  and  to conclude it in  the 

best possible m anner.  

  

I extend m y sincere gratitude to m y fam ily  m em bersfam ily  m em bersfam ily  m em bersfam ily  m em bers and especially m y husband husband husband husband w ho had been very  

cooperative and supporting throughout m y studies. W ithout their m oral, social and financial support I 

w ould never have been at this position  today. I can  sim ply say that I am  everything today only due to the 

support and prayers of M y H usband. I reiterate that they are the one w ho, by all m eans, enabled m e to  

achieve this goal. 

 

          

R abia ShaR abia ShaR abia ShaR abia Shabir A hmbir A hmbir A hmbir A hm aaaad d d  d      

 
 

LIST OF TABLES 



 8

 
Sr. No.                                          Title                                                                   Page No. 
1 Treatments used for estimation of solvents extraction efficiency 34 
2 Treatments used for the preparation of functional drinks 39 
3 Diet plan used in the studies 42 
4 Composition of green tea 47 
5 Mineral composition of green tea 49 
6 Mean squares for extraction yield of catechins 49 
7 Extraction yield of catechins (g/25g green tea) 51 
8 Mean squares for extraction of EGC, EGCG, ECG, EC 53 
9 Extraction yield of EGC (mg/g of green tea) 53 
10 Extraction yield of EGCG (mg/g of green tea) 56 
11 Extraction yield of ECG (mg/g of green tea) 58 
12 Extraction yield of EC (mg/g of green tea) 58 
13 Mean squares for DPPH assay, antioxidant activity and glucose diffusion 60 
14 Effect of treatments on DPPH assay 60 
15 Effect of treatments on antioxidant activity 62 
16 Effect of treatments on glucose diffusion 62 
17 Means squares for color tonality of functional drinks 66 
18 Effect of treatments and storage on L* value of functional drink 68 
19 Effect of treatments and storage on a* value of functional drinks 68 
20 Effect of treatments and storage on b* value of functional drinks 69 
21 Effect of treatments and storage on chroma of functional drinks 69 
22 Effect of treatments and storage on hue angle of functional drinks 70 
23 Mean squares for pH and acidity of functional drinks 72 
24 Effect of treatments and storage on total soluble solids of drinks 72 
25 Effect of treatment and storage on pH of functional drinks 73 
26 Effect of treatment and storage on acidity of functional drinks 73 
27 Mean squares for sensory evaluation of functional drinks 75 
28 Effect of treatments and storage on color of functional drinks 75 
29 Effect of treatments and storage on flavor of functional drinks 77 
30 Effect of treatment and storage on sweetness of functional drinks 77 
31 Effect of treatment and storage on sourness of functional drinks 78 
32 Effect of treatment and storage on overall acceptability of drinks 78 
33 Effect of treatments and study weeks on feed intake (g/rat/day) 80 
34 Effect of treatments and study weeks on drink intake (mL/rat/day) 83 
35 Effect of treatments and study weeks on body weight (g/rat) 86 
36 Body weight at 8th week in different studies (g/rat) 89 
37 Organ to body weight ratio (g/100g body weight) in different studies 93 
38 Effect of functional drinks on cholesterol (mg/dL) in different studies 95 
39 Effect of functional drinks on HDL (mg/dL) in different studies 101 
40 Effect of functional drinks on LDL (mg/dL) in different studies 103 
41 Effect of functional drinks on triglycerides (mg/dL) in different studies 107 
42 Effect of functional drinks on glucose (mg/dL) in different studies 111 
43 Effect of functional drinks on insulin (µU/mL) in different studies 116 
44 Effect of functional drinks on serum glutathione (mg/L) in different 121 



 9

studies 
45 Effect of functional drinks on serum TBARS (µmol/L) in different 

studies 
126 

46 Effect of functional drinks on serum ALT (IU/L) in different studies 130 
47 Effect of functional drinks on serum AST (IU/L) in different studies 132 
48 Effect of functional drinks on serum ALP (IU/L) in different studies 134 
49 Effect of functional drinks on serum bilirubin (mg/dL) in different studies 136 
50 Effect of functional drinks on serum urea (mg/dL) in different studies 137 
51 Effect of functional drinks on serum creatinine (mg/dL) in different 

studies 
139 

52 Effect of functional drinks on serum total proteins (g/dL) in different 
studies 

140 

53 Effect of functional drinks on serum albumin (g/dL) in different studies 142 
54 Effect of functional drinks on serum globulins (g/dL) in different studies 143 
55 Effect of functional drinks on serum A/G ratio in different studies 145 
 
 



 10

LIST OF FIGURES 
 

 
Sr. No. Title Page. No. 
1 Systematic scheme for extraction of catechins 35 
2 Systematic scheme for the extraction of EGCG 37 
3 Extraction yield of EGCG (mg/25g green tea) 52 
4 Chromatograms of standards (EGC, EGCG, EC and ECG) 54 

5 Effect of EGCG on DPPH inhibition, antioxidant activity and 
glucose diffusion 

63 

6 Feed intake in different studies (g/rat/day) 81 
7 Drink intake in different studies (mL/rat/day) 84 
8 Body weight in different studies (g/rat) 87 
9 Percent Reduction in body weight at 8th week as compared to 

control 
90 

10 Percent reduction in cholesterol as compared to control 97 
11 Percent reduction in LDL as compared to control 105 
12 Percent reduction in triglycerides as compared to control 108 
13 Percent reduction in glucose compared to control 112 
14 Percent reduction in insulin as compare to control 118 
15 Percent increase in glutathione as compared to control 122 
16 Percent reduction in TBARS as compared to control 127 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 11

 
LIST OF APPENDICES  

 
Sr. No. Title 

1 Performa for sensory evolution of functional drink 

2 Composition of experimental diets  

3 Composition of salt mixture 

4 Composition of vitamin mixture 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 12

ABSTRACT 
Present research project was an attempt to explore the functional/nutraceutical worth of 
locally grown green tea variety (Qi-Men) against lifestyle-related disorders. For the purpose, 
green tea catechins and epigallocatechin gallate (EGCG) were characterized and 
subsequently utilized for the preparation of functional drink and then tested in experimental 
rats modeling. Regarding chemical composition, green tea is rich in polyphenols with special 
reference to flavonoids including catechins. Among minerals, potassium and calcium were 
present in substantial amount whilst sodium, manganese, iron and zinc in relatively less 
quantity. Optimization of extraction conditions was carried out using various solvents 
(aqueous ethanol, aqueous methanol, water) and time intervals (20, 40, 60 min) to improve 
extraction efficiency of catechins. EGCG, a major fraction of green tea catechins was also 
separated through solvent partition method. HPLC quantification of catechin fractions 
revealed that maximum amount of epigallocatechin (EGC), epigallocatechin gallate (EGCG), 
epicatechin gallate (ECG) and epicatechin (EC) was extracted with aqueous ethanol at 40 
min. In vitro analysis for antioxidant activity and DPPH radical scavenging ability of 
catechins and EGCG proved their excellent antioxidant potential. Based on the results of 
extraction efficiency, HPLC analysis and in vitro tests, one best treatment from extracted 
catechins was selected for the preparation of functional drink (Green Cool). In product 
development phase, three functional drinks were prepared i.e catechins containing drink, 
EGCG enriched drink and a control for comparison purpose. Drinks were subjected to 
physico-chemical analysis during two months storage that showed non-substantial effect on 
total soluble solids (TSS) whilst pH and acidity were affected significantly. Color of the 
drinks measured through CIELAB system, affected non-momentously. Hedonic response of 
the functional drinks remained acceptable during storage. Efficacy trials were carried out in 
male Sprague Dawley rats to explore the nutraceutical worth of drinks against ailments 
arising due to unhealthy lifestyle. For the purpose, four studies were performed on the basis 
of various diets given to rats i.e. study I (normal diet), study II (high cholesterol diet), study 
III (high sucrose diet), study IV (high cholesterol + high sucrose diet). Functional drinks 
containing catechins and EGCG resulted in significant reduction in body weight of rats 
indicating their effectiveness against obesity and allied discrepancies. Maximum reduction in 
body weight gain was in study II and III i.e. 10.73 to 8.49 % and 10.12 to 10.49% in groups 
consumed catechins and EGCG, respectively. Likewise, cholesterol and LDL were 
substantially reduced by functional drinks however, effect was more pronounced in catechins 
group in which 14.42% decrease was observed in study IV and 30.43% in study II, 
respectively. HDL was non-significantly affected by the treatments. Triglycerides were also 
reduced by drinks carrying bioactive molecules in rats provided diets rich in cholesterol and 
sucrose. Serum glucose and insulin levels were also mitigated by functional drinks 
containing catechins and EGCG. Similarly, antioxidant potential was improved as indicated 
by elevated serum glutathione level and decreased thiobarbituric acid reactive substances 
(TBARS) via both drinks containing catechins and EGCG but latter was more effectual for 
the purpose. Organs to body weight ratio remained unaffected by functional drinks. 
Furthermore, serum biochemistry values were within normal range revealing safety of use. 
From the present investigation, it is deduced that drinks supplemented with catechins and 
EGCG are effective against obesity, hypercholesterolemia, hyperglycemia and oxidative 
stress therefore, can be a part of diet based therapy for attenuation of lifestyle-related 
disorders. 
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CHAPTER 1 

INTRODUCTION 

Phytochemicals are endemic in the human diet from the ancient times to fight against 

diseases as most of the medicines were derived from plants. In the recent era, diet based 

therapy has been revitalized globally and people are adopting the approach of using natural 

materials as an intervention against various ailments. Herbal medicines are becoming popular 

not only in developed but also in developing countries for health care because of their 

extensive biological activities and safe status (Potawale et al., 2008). 

During the last few years, scientific investigations have proposed several modules 

like diet based regimen to prevent life threatening disorders including obesity, 

hypercholesterolemia and diabetes. Among these strategies, a promising tool is the use of 

functional/nutraceuticals foods that not only improve consumer health and wellness but also 

reduce disease risk with minimal cost (Shahidi, 2009). According to the American Dietetic 

Association (2009), functional foods are enhanced or enriched products that can be used as 

conventional foods. In this context, functional beverages like tea, fortified water, dairy or 

juices are gaining repute as they are not only satisfying the consumers quench but also 

providing additional health benefits.  

Green tea (Camellia sinensis) belonging to family Theaceae is one such example of 

functional drinks containing bioactive molecules holding cure against various diseases. Tea 

can be classified into three types; green (unfermented), black (fully fermented) and oolong 

tea (semi fermented). Technically green tea refers to the product manufactured from fresh tea 

leaves by steaming or drying to limit the oxidation of the polyphenolic components, 

especially flavanols. Conversely, black tea is prepared by polyphenol oxidase catalyzed 

oxidation of fresh leaf catechins, termed as fermentation that gives typical color and flavor. 

Oolong tea is prepared by firing the leaves shortly after rolling with subsequent drying. The 

oxidation is ended by a firing process; hence oolong tea is called semi-fermented tea with 

characteristics in between black and green tea (Wang et al., 2000a).  

On global basis, it is estimated that about 3 million metric tons of dried tea is 

produced annually (Yang and Landau, 2000). Out of which, 20% is green tea mainly 
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consumed in Asian countries like Japan, China, Korea, India and Pakistan whereas 78% 

black tea is generally used in Western world and some Asian cultures whilst the rest 2% 

oolong tea is mostly consumed in Southeastern China (Khan and Mukhtar, 2007).  

Green tea has been consumed by Japanese and Chinese populations for centuries and 

is probably the most widely used beverage besides water in Asian countries. Green tea has 

engrossed significant attention, both in scientific and consumer communities owing to its 

health benefits against variety of maladies ranging from weight loss to cancer. Antioxidant 

properties of polyphenols (catechins) are the contributory factor ascribed to tea; catechin-rich 

beverages are marketed as “Food for Specified Health Use” in Japan (Hara, 2006; Morita et 

al., 2009). Catechins are flavanols that constitute majority of soluble solids of green tea, its 

major fractions are epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin 

gallate (ECG) and epicatechin (EC). Among these, EGCG is the predominant fraction 

contributing more than 50% of polyphenols. Generally, catechins are lower molecular 

weight, colorless and water-soluble compounds with bitter and astringent taste than other 

polyphenols (Wang et al., 2000a). Other components present in tea include proteins, 

carbohydrates, lipids, sterols, vitamins, xanthic bases (caffeine and theophylline), volatiles 

compounds, minerals and trace elements (Cabrera et al., 2006).  

Extraction of functional ingredients/bioactive molecules needs special attention as 

extraction method/efficiency affects the overall yield of catechins. The procedure is 

optimized that facilitates extraction of the concerned compounds as well as preventing their 

chemical modification (Zuo et al., 2002). During fractionation, these compounds may 

combine with sugars, proteins and are also prone to oxidation, additionally high process 

temperature and alkaline conditions result in subsequent degradation (Tura and Robards, 

2002). Various experimental conditions like solvent, time, temperature, pH, solvent to 

material ratio substantially contribute to improve the extraction efficiency and quality of the 

finished extract. Besides water, other solvents including ethanol, methanol and acetone are 

commonly used to extract phytochemicals (Sun and Ho, 2005). It has been observed that 

polyphenols extraction is appreciably affected by different solvents and fractionation time 

(Druzynska et al., 2007). Interestingly, extraction of tea flavonoids with aqueous ethanol 

gives better results than boiling water, aqueous methanol and acetone (Friedman et al., 2006; 

Lin et al., 2003; Wang and Helliwell, 2001). 
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Significance of body oxidation is well documented as the oxidative metabolism is 

vital for the survival of cells resulting in production of free radicals and reactive oxygen 

species causing oxidative damage. Excessive production of free radicals inhibit the activities 

of  some protective enzymes like  superoxide dismutase and catalase, may cause destructive 

effect on cellular components by oxidizing lipids, proteins and DNA thus ultimately effecting 

the cellular respiration (Winrow et al., 1993; Bauer et al., 1999; Bae et al., 1999). Tea traps 

reactive oxygen species like superoxide, singlet oxygen, hydroxal and peroxy radicals etc. 

thereby reducing damage to lipid membranes, proteins and nucleic acid. It is revealed that 

green tea improves overall anti-oxidative status in humans as its radical quenching ability is 

better than that of black tea (Erba et al., 2005). Among tea catechins, EGCG is the most 

effective in attenuating reactive oxygen species (Khan and Mukhtar, 2007). Antioxidant 

properties of catechins are attributed to presence of phenolic hydroxyl groups on the B-ring 

in ungalloylated catechins (EC and EGC) and in the B-and D-rings of the galloylated 

catechins (ECG and EGCG) (Salah et al., 1995). The green tea catechins have proven more 

effective antioxidants than that of vitamins C, E, tocopherol and carotene. It has been 

observed that antioxidant activity of green tea extract is 2-4 times greater as compared to 

ascorbic acid (Sharangi, 2009; Geetha et al., 2004).  

Changing lifestyle and poor dietary habits of people often lead to development of 

various maladies namely obesity, diabetes, dyslipidemia and immune dysfunction. Obesity is 

now proverbial as one of the global concerns because it is not only prevalent in the developed 

nations but also becoming common in the developing world with associated physiological 

threats. Obesity and being overweight are correlated to imbalance between energy intake and 

exercise; lifestyle factors are critical considering this aspect. Augmented accessibility of food 

supply, increasing portion size, eating away from home and consumption of high energy 

dense foods are the main reasons of this dilemma (Grundy, 1998; Hensrud, 2004; Hill and 

Peters, 1998).  

According to the German Health Interview and Examination Survey for Children and 

Adolescents about 6.4% of the 7–10 years old children and 8.5% of the 14–17 years 

adolescents are obese (Kurth and Rosario, 2007). In the United States, approximately 62% of 

the adult population is classified as overweight and more than half of the overweight people 
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are classified as obese. Similarly, incidence of obesity in the majority of European countries 

has increased by 10 to 50% in the last ten years (Wildman and Kelly, 2007).   

Dyslipidemia is more frequent in obese people with raised levels of LDL, 

triglycerides and cholesterol. Insulin resistance occurring in obesity consequently increases 

serum insulin level and impaired glucose tolerance. Likewise, obesity is also linked with 

onset of diabetes mellitus and its complications; one of foremost problem in the world 

population. According to survey, the worldwide prevalence of diabetes was estimated to be 

2.8% in 2000 that will increase to 4.4% in 2030 in all age groups (Wild et al., 2004). The 

process of oxidation, hyperglycemia and hypercholesterolemia are closely associated with 

each other. Obesity is a key factor leading to diabetes mellitus and cardiovascular disorders. 

Reactive oxygen species (ROS) also exceed their normal range, in obesity thus resulting in 

oxidative damage that may enhance pathogenesis and progression of allied disparities (West, 

2000; Matumura et al., 2002; Furukawa et al., 2004).  

 Significant reduction in serum glucose, insulin and triglycerides is observed after 

green tea administration in Sprague Dawley rats (Wu et al., 2004a). Furthermore, it indicates 

diminishing trend in cholesterol, LDL and triglycerides (Zhang et al., 2002). Similarly 

EGCG is also a valuable component in lowering plasma cholesterol and low density 

lipoproteins; the process is mediated by interfering with micellar solubilization of cholesterol 

in digestive tract thereby decreases cholesterol absorption (Raederstorff et al., 2003). Recent 

studies have proved that tea confers beneficial effect on consumer health including reduction 

in cholesterol and glucose, control of hypertension, protection against cardiovascular disease 

and cancer (Hara, 2006). Biotransformation and   pharmacokinetic investigations suggest that 

function of individual catechins may differ nevertheless EGCG shows strong antiobesity and 

antidiabetic effect (Kao et al., 2006).  

 Owing to the prophylactic role of green tea, its consumption is escalating in the 

vulnerable segments to cope with health disorders thus besides being a traditional beverage 

acts as an intervention against various physiological threats. Keeping in view the lifestyle 

disorders, present project was designed to characterize locally grown green tea variety Qi-

Men with special reference to its active ingredient namely catechins. Concurrently, 

functional drinks containing the health ingredients i.e. catechins and EGCG were the 
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limelight of the present research investigation. The therapeutic role of functional drinks was 

also explored against lifestyle disorders. The specific objectives set to be attained are herein; 

1. Optimization of the extraction efficiency of green tea catechins using different solvents 

2. Characterization of  green tea catechins for the preparation of functional drink  

3. Determination of  the antioxidant potential of green tea catechins through in vitro and in 

vivo studies 

4. Exploring the antiobesity and hypocholesterolemic properties of the functional drink in 

model feeding studies 
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CHAPTER 2 

        REVIEW OF LITERATURE 

Pivotal linkages have been established between health and nutrition diverting the 

human trend towards plant based natural products to cure various maladies. Besides their 

health promoting potential, high medication cost in the developing countries is also a 

contributory factor for the popularity of diet based regimen. Functional foods/beverages are 

important in this milieu because of easy accessibility, low cost and allied health benefits. In 

this context, some fruits, vegetables, whole grains, cereals, nuts etc. are important showing 

therapeutic potential owing to their rich phytochemistry. Among the functional foods, green 

tea is becoming popular due to its health enhancing potential besides consuming as 

traditional beverage. Health claims of green tea are attributed to its polyphenolic fractions 

known as catechins, including epicatechin, epicatechin gallate, epigallocatechin and 

epigallocatechin gallate however, EGCG is the most promising component. In toto, catechins 

possess antioxidant, antiobesity, antihypercholesterolemic, antihyperglycemic and anticancer 

properties. Hence, the present research project was designed to explore the therapeutic role of 

locally grown green tea variety with special reference to catechins and EGCG against 

lifestyle-related disorders. The literature pertaining to different aspects of the present study 

has been reviewed under the following headings. 

2.1. Green tea; an overview 

2.2. Extraction of catechins 

2.3. In vitro studies of green tea  

2.4. Functional foods and beverages 

2.5. Lifestyle disorders and green tea 

2.5.1. Obesity  

2.5.2. Hypercholesterolemia 

2.5.3. Hyperglycemia and hyperinsulinemia 

2.5.4. Antioxidant potential 

2.6. Health claims of epigallocatechin gallate (EGCG) 

2.1. Green tea: an overview 
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Green tea is one of most widely consumed beverages in Asian countries and has been 

familiar in China and Japan from centuries (Zaveri, 2006). Tea was accidentally discovered 

by Shen Nung a Chinese emperor in 2737 B.C. when some leaves fell in the boiling water 

producing distinct taste and fragrance and was named as heaven sent by emperor (Wheeler 

and Wheeler, 2004). Tea occupies about 2.7 million hectares of cultivable area of the world 

(Mondal et al., 2004). 

Tea is a perennial, evergreen and cross-pollinated plant bearing white flowers and 

green fruits with 2–3 seeds. Its original home or the primary center of origin is South-East 

Asia (Wight, 1959). Tea is propagated either through seeds or cuttings. Green tea is made 

from the new buds and tips of the plant however, the best varieties are harvested in spring 

(Shaheen et al., 2006). 

Tea is grown over 30 countries (Graham, 1992) whereas China, Japan, Taiwan, India, 

Bangladesh, Sri Lanka and some central African countries like Kenya are the major 

producers (Shaheen et al., 2006). Worldwide per capita consumption of tea is 40 L per year 

(Vinson et al., 2004), approximately 3 million metric tons of tea is produced annually, 

increasing at rate of 2.1% (Yang and Landau, 2000).  

Regarding the proximate composition; moisture, protein, lipids, sugars, fiber, ash and 

caffeine in different kinds of green tea range from 2.2-5.0, 18.2-30.7, 3.5-5.3, 28.6-39.2, 10-

19.5, 5.4-7.4 and 1.9-3.5g/100 g, respectively, while minerals like Ca, P, Fe, Na and K are 

390-740, 210-350, 10.4-38, 3-11 and 1,900-2,800 mg/100g, respectively (Chee and Juneja, 

1997). Tea on dry weight basis contains 15-20% protein and 5% minerals (Cabrera et al., 

2006). The fresh tea leaves contain 22.2% polyphenols, 17.2% protein, 4.3% caffeine, 27.0% 

crude fiber, 0.5% starch, 3.5% reducing sugars, 6.5% pectins, 2.0% ether extract and 5.6% 

ash. Mineral composition of green tea varies widely, in 21 green tea samples concentrations 

of Zn, Mn, Fe, Ca, Na and K on dry weight basis ranged 2.10-3.49, 66.07-159.54, 14.45-

35.22, 361.81-547.50, 3.77-11.70 and 1190.05-1699.41 mg/100g, respectively (Fernandez-

Caceres et al., 2001). Later, Costa et al. (2002) observed that green tea contains Ca 

802.22±25.59 mg/100g and Mn 178.23±130.1 mg/100g. However, Mokgalaka et al. (2004) 

determined Ca, Mn and Zn in green tea as 317.0±18, 82.0±6 and 4.58±0.6 mg/100g, 

respectively. According to Cabrera et al.  (2003), Mn concentration ranges from 23.66 to 
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98.76 mg/100g in green tea samples. In addition to minerals, green tea also contains alkaloids 

including caffeine, theobromine and theophylline, constituting minor portion of solids 

(Ahmad and Mukhtar, 1999; Shaheen et al., 2006) vary from 0.6 to 28.6 mg/g (Friedman et 

al., 2006). It has been observed that caffeine content of green tea increases anxiety and 

impairs sleep (Potawale et al., 2008a).  

Polyphenols are the main constituents of green tea, accounting for 25–35% on dry 

weight basis (Balentine et al., 1997; Shaheen et al., 2006; Yao et al., 2006). Alike minerals, 

polyphenols content also varies, Gramza et al. (2006) reported that green tea contains 20.52 

g/100g polyphenols while Asghar and Masood, (2008) stated that total polyphenols content 

(TPC) of green tea are 31.3±0.095 g/100g. Recently, Soysal (2009) mentioned that TPC 

contents are 11.52 mg/g however, Anesini et al. (2008) described that TPC in green tea 

varied from 14.32±0.45 to 21.02±1.54%. 

Most of the polyphenols are flavanols commonly recognized as catechins (Balentine 

et al., 1997; Sanderson, 1972). The primary catechins in green tea are epicatechin (EC), 

epicatechin gallate (ECG), epigallocatechin (EGC) and epigallocatechin gallate (EGCG). 

Catechin and epicatechin both are monomeric flavanol, epicatechin has an ortho-dihydroxyl 

group in the B-ring at carbons 3' and 4' and a hydroxyl group at carbon 3' on the C-ring.  

EGC has trihydroxyl group at carbons 3', 4', and 5' on the B-ring. ECG has gallate moiety 

esterified at carbon 3 of the C-ring. However, EGCG has both trihydroxyl groups at carbons 

3', 4', and 5' on the B-ring and a gallate moiety esterified at carbon 3' on the C-ring (Yilmaz, 

2006). In green tea, catechins are present in higher amounts than that of black or oolong tea, 

because of the processing differences (Zaveri, 2006). Some other sources of catechins are red 

wine, fruits like plum, apples, peach, strawberry, cherry, broad bean, lentil and cocoa ( 

Scalbert et al., 2005;  Yilmaz, 2006). 

The levels of catechins in tea are EC 9.90, ECG 12.4, EGC 40.6 and EGCG 71.7 

mg/g on dry weight basis (Yoshida et al., 1999). Previously, Hansel et al. (1992) described 

that tea contains 9-13% epigallocatechin gallate, 3-6% epicatechin gallate and 

epigallocatechin, 1-3% epicatechin and catechin. Among catechins, EGCG is the abundant 

fraction (Demeule et al., 2002; Bettuzi et al., 2006) accounting for 65% of the total catechins 

(Zaveri, 2006). Earlier, Ho et al. (1997) highlighted that epigallocatechin gallate constitutes 
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48–55% of total polyphenols and is responsible for majority of the health benefits of green 

tea (Nagle et al., 2006). The chemical composition of tea varies with the growing conditions 

like climate, season, agricultural practices, variety, age and position of the leaf (Katiyar and 

Mukhtar, 1996a,b; Aherne and O’Brien, 2002; Fernandez et al., 2002; Lin et al., 2003). 

2.2. Extraction of catechins 

Extraction process is key to the withdrawal of active components of green tea 

(Danrong et al., 2009). Methodology and efficiency of catechins extraction is critical while 

studying their functionality behavior (Yoshida et al., 1999) as extraction conditions like 

solvent, temperature, time, pH and ratio of solvent to material affect catechins quantity and 

quality (Perva-Uzunalic et al., 2006). The method must facilitate complete extraction of the 

compounds of interest, evading their chemical modification (Zuo et al., 2002). Among 

popular solvents, water, aqueous mixtures of ethanol, methanol and acetone are frequently 

used to extract plant bioactive molecules (Larger et al., 1998; Lee and Ong, 2000; Obanda et 

al., 2001; Pomilio et al., 2002; Khokhar and Magnusdottır, 2002; Filip and Ferraro, 2003; 

Liang et al., 2003; Sun and Ho, 2005). 

In a research investigation, Druzynska et al. (2007) used four solvents i.e. water, 80% 

ethanol, 80% methanol and 80% acetone for extraction at room temperature for 15, 30 and 60 

min; they stated that type of solvent and time have significant influence on the polyphenols 

extraction from green tea. In another study, Perva-Uzunalic et al. (2006) also performed 

extraction of catechins using different aqueous and pure solvents (acetone, ethanol, methanol, 

acetonitrile and water), temperature (60, 80, 95 and 100°C) and time (5 to 240 min). They 

reported that extraction efficiency of major catechins varies from 61 to 100% however water 

gives maximum extraction rate i.e. 80oC after 20 min and 95oC at 10 min. Water extraction 

could be performed in two steps to obtain EGC and EGCG enriched extracts (Labbe et al., 

2008). 

Baptisa et al. (1999)  employed varying extraction times (10 to 60 min) at 70oC
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and temperatures (50-100oC) at 40 min to measure the extraction yield of Azorean green tea 

polyphenols as brewing duration and extraction temperature are interdependent (Labbe et al., 

2006). Extraction conducted between 3 to 20 min does not influence the yield of tea 

compounds significantly, nonetheless wide variations occur in the tea components (Friedman 

et al., 2005). Increasing extraction time is positively correlated to polyphenols extraction 

(Druzynska et al., 2007) conversely, prolonged extraction procedure with higher 

temperatures results in degradation of catechins (Perva-Uzunalic et al., 2006). Temperature is 

a critical factor, if catechins are epimerized during extraction process, the resultant extract 

would not reflect the actual health claims (Seto et al., 1997; Wang and Helliwel, 2000; Wang 

et al., 2000c; Wang et al., 2003; Ito et al., 2003; Yao et al., 2004).  

In order to obtain crude catechins (EGC, EGCG, ECG, EC), green tea was treated 

with water at 80oC for 40 min, resulting extract was partitioned with water/chloroform to 

remove caffeine, aqueous layer thus obtained was purified with ethyl acetate (Row and Jin, 

2006). Commercial extraction of catechins using water as solvent should be carried out at 

80oC because heating of green tea leaves above this temperature may cause partial 

epimrization of epigallocatechin gallate (EGCG) and epicatechin gallate (ECG) in 

gallocatechin gallate (GCG) and catechin gallate (CG), respectively. The epimerization could 

be prevented by heating tea leaves in 50% ethanol for 10 min that gives optimum extraction 

efficiency with real catechins profile (Liang et al., 2007). Likewise, Lin et al. (2003) stated 

that extraction of tea samples with 75% ethanol gives higher yield and biological active 

catechins and EGCG than water extract. Aqueous ethanol resulted in significantly higher 

flavonoids extraction (12.3 to 136.3 mg/g) in different green tea samples as compared to 

boiling water (4.4 to 100 mg/g) (Friedman et al., 2006). It is explored that aqueous ethanol is 

better than that of aqueous methanol and acetone for the extraction of tea flavonoids (Wang 

and Helliwell, 2001). Highest phenolic contents are obtained from green tea using ethanol as 

solvent (Bastos et al., 2007). Later, Rusak et al. (2008) affirmed that aqueous ethanol is 

effective than water for prolonged extraction of 30 min. Besides, solvent and time, pH also 

influences the extraction of phenolic compounds. Extraction of major catechins (EC, EGC, 

ECG, and EGCG) decreases at higher pH whilst extraction of minor catechins (C, GC, CG, 

and GCG) increases due to epimerization of major catechins. At same pH, extraction 

efficiency differs due to tea water ratio (Yoshida et al., 1999).  
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High performance liquid chromatography (HPLC) is normally used as an analytical 

technique to determine green tea catechins (Price and Spitzer, 1993; Goto et al., 1996; 

Umegaki et al., 1996; Bronneer and Beecher, 1998; Dalluge et al., 1998). HPLC method 

consisting of ODS column with gradient phase (water-acetonitrile-formic acid mobile phase) 

was developed to detect catechins from green tea by Fernandez et al. (2000). HPLC analysis 

of 31 commercial tea samples indicated that catechins and EGCG are higher in green tea as 

compared to black tea (Lin et al., 2003). 

Reverse phase HPLC quantification of catechins in different green tea samples 

consumed in United Kingdom showed that catechins were in the range of 51.5-84.3 mg/g. 

The wide variations in the quantity of catechins are probably due to differences in agronomic 

practices, leaf age and storage conditions (Khokhar and Magnusdottir, 2002). In a similar 

study, catechins contents in 45 tea samples including fermented and non fermented tea of 

different geographical origins (China, Japan, Kenya, Sri Lanka and India) were analyzed by 

reverse phase HPLC (gradient elution at 275 nm) and observed that EGCG and EGC are the 

major catechins whereas ECG is in lesser amount (Fernandez et al., 2002). Catechins in some 

commercialized tea samples were evaluated by Cabrera et al. (2003) through HPLC with 

photodiode array detector. The values of four major catechins were EGCG 85.9±11.3 mg/g, 

EGC 36.8±7.9 mg/g, ECG 20.3±13.1mg/g, EC 12.7±4.8 mg/g. Similarly, Zuo et al. (2002) 

determined four major catechins with simple and fast HPLC method containing photodiode 

array detector, C18 column and methanol-acetate-water buffer gradient elution system; 

results indicated that level of catechins was higher in green tea than black because of semi 

fermentation process. The individual polyphenolic fractions were EGC 27.6-37.6 mg/g, 

EGCG 51.1-62.4 mg/g, EC 6.60-10.3 mg/g and ECG 15.8-21.8 mg/g of green tea. 

Catechins, caffeine and gallic acid were subjected to high performance liquid 

chromatography by Wang et al. (2000b). Separation system consisted of C18 reverse phase 

column, UV detector and methanol/water/orthophosphoric acid mobile phase. The method is 

reliable and accurate for analysis of green tea catechins. It can be applied for all kinds of tea 

products and is especially useful for the determination of epigallocatechins gallate.  

Different HPLC methods have been employed for the determination of catechins 

from green tea (Friedman et al., 2005) like Sakakibara et al. (2003) developed a method for 
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simultaneous determination of polyphenols in food stuff using HPLC with photodiode array 

detector whereas Sano et al. (2001) used HPLC method with ODS C18 column, 

electrochemical detector (ECD) and reverse phase. Previously, Goto et al. (1996) analyzed 

eight tea catechins with HPLC consisting of ODS column and water-acetonitrile-phosphoric 

acid mobile phase.  In contrary, reverse phase HPLC and capillary electrophoresis were used 

for simultaneous determination of catechins and theaflavins in green and black tea samples 

by Lee and Ong (2000).  Polyphenols in Azorean green tea were measured the by Baptista et 

al. (1999) using reverse phase HPLC with UV detector and compared with samples of 

different origins.  

2.3. In vitro studies of green tea 

Antioxidant activity is defined as the amount of sample to decrease the initial 

concentration of DPPH radical by 50% as efficient concentration (Buyukbalci and El, 2008). 

Antioxidant potential of catechins is two to four times greater than that of α -tocopherols 

(Tang et al., 2001). Green tea extract holds higher protective effect against free radicals than 

oolong and black tea (Yokozawa et al., 1998).  

DPPH method is a major test to determine antioxidant potential (Brand-Williams et 

al., 1995; Parejo et al., 2003) and green tea DPPH scavenging activity is 84.0±1.3 (Yoo et 

al., 2008). Scavenging ability of green tea against DPPH radical is due to galloyl moiety 

attached to the flavanol at 3-position along with ortho-trihydroxyl group in B ring (Nanjo et 

al., 1996). Among four major catechins, epigallocatechin gallate (EGCG) has the highest 

scavenging ability (Nanjo et al., 1996; Meterc et al., 2008) and is the most effective 

scavenger of superoxide anions, hydroxyl radicals and 1, 1-diphenyl-2-picrylhydrazyl 

radicals (Nanjo et al., 1999). It has been observed that EGCG is at least 100 times more 

effective than vitamin C and 25 times than vitamin E. The antioxidant activity of various 

catechins fractions increases in the following order: EC < ECG < EGC < EGCG (Meterc et 

al., 2008).  

DPPH radical scavenging activity is affected by solvent type and extraction time 

(Druzynska et al., 2007). Previously, Gramza et al. (2005) pointed out that antiradical 

activity of ethanolic extract of green tea is better than water extract. Fourneau et al. (1996) 

carried out a chemical test involving diphenylpicrylhydrazyl radical to estimate the free 
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radical scavenging activity. Accordingly, green tea aqueous extract was subjected to partition 

with ethyl acetate and compared antiradical activity with that of vitamin E and rutin; they 

concluded that ethyl acetate extract has highest scavenging activity. 

Katsube et al. (2004) performed extraction from fifty two kinds of edible plants with 

70% aqueous ethanol solution and subjected to antiradical test, highest radical scavenging 

activity was shown by akamegashiwa and green tea. Similarly,  Buyukbalci and El (2008) 

narrated that among ten herbal tea samples (green tea, absinthium, sage, blackberry 

peppermint, relaxtea, black tea, roselle, oliveleaves, thyme, shrubby), green tea possesses 

highest antioxidant activity followed by peppermint and black tea, whereas shrubby and 

blackberry are the weakest. Earlier, Aoshima et al. (2007) highlighted that among 14 herbal 

tea samples antioxidant activity of green tea determined through DPPH assay was higher but 

lesser than rose. In a similar manner, Ohmori et al. (2005) assessed antioxidant activity of tea 

samples, including aqueous extract of green, oolong and barley tea against DPPH radical and 

elucidated that green tea has highest radical scavenging activity. Likewise, Quan et al. (2007) 

described that among thirty types of commercial Veitnamese-brand tea samples (21 green 

tea, 5 black tea, 4 oolong tea), green tea contains highest total polyphenols contents (TPC), 

total catechins contents and DPPH scavenging activity. Earlier, Gadow et al. (1997) 

compared antioxidant activity of green, oolong, black and rooibos tea samples through β-

carotene bleaching method and DPPH radical scavenging activity. The results depicted that 

for both tests highest antiradical ability was shown by green tea. 

  Scavenging effect of catechins is not dependent on their steric structure as no 

significant differences exist between the scavenging activity of catechins and their epimers 

(Nanjo et al., 1996). In a related study, Xu et al. (2004) performed DPPH free radical assay 

to examine antioxidant activity of green tea extract (GTE) epimers (gallocatechin gallate, 

catechins gallate, gallocatechin, and catechin) and compared with their corresponding 

precursors (epigallocatechin gallate, epicatechin gallate, epigallocatechins and epicatechin). 

Antioxidant activity of CG and GCG was similar to their precursor ECG and EGCG, 

respectively whilst C and GC were less potent than their precursors, EC and EGC. It is 

concluded that epimerization reaction occurring does not affect green tea antioxidant activity 

significantly. 
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Some herbal tea samples and infusions used in turkey for diabetes treatment were 

tested for their in vitro antidiabetic potential to determine their effectiveness on glucose 

movement across gastrointestinal tract. The findings explicated that none of the herbal tea 

samples exerted antidiabetic effect on glucose diffusion using in vitro model glucose 

absorption (Buyukbalci and El, 2008). 

2.4. Functional foods and beverages 

Enhanced liaison between nutrition and health with inclination to avoid maladies 

rather than cure and concept of diet based therapy have led to the concept of functional foods 

(Sanders, 1998; Goldberg, 1999; Siro et al., 2008). High medical care cost is also a cardinal 

factor diverting attention toward functional foods and beverages to reduce diseases risk.  

The concept of functional food was first promoted in 1984 by Japanese scientists who 

studied the relationships between nutrition, sensory satisfaction, fortification and modulation 

of physiological systems and gained legal status in 1991, described as FOSHU, or ‘‘Foods 

for Specified Health Use’’ (Sanders, 1998; Burdock et al., 2006). A functional food can be 

natural or food with added components or foods of which undesirable component have been 

eliminated by means of technological or biotechnological procedures. The notion is further 

expressed as food, in which the nature of one or more of its component has been altered, or a 

food in which the bioavailability of one or more of its components has been modified, or any 

combination of these possibilities (Prado et al., 2008). According to Diplock et al. (1999) 

food is considered as functional if it satisfactorily affects one or more target functions in the 

body. The functional foods are also termed as medicinal, nutraceutical, prescriptive, 

therapeutic, super and designer foods (Finley, 1996). Development and commerce of 

functional products is complex due to legislative and technological obstacles furthermore 

consumer acceptance is also one of the factors affecting their production (Siro et al., 2008).  

Health claims of functional foods is most crucial factor affecting the consumers 

acceptance (Verbeke, 2005), other important factors determining the customer satisfaction 

are value, quality, convenience, price (Bhaskaran and Hardley, 2002), gender, age, education 

along with attitude and lifestyle (Bower et al., 2003; de Jong et al., 2003; Cox et al., 2004; 

Urala and Lahteenmaki, 2004; Verbeke, 2005).  
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Currently, increased awareness has been observed in the general population regarding 

functional ingredients. Foods with health benefits or bioregulatory functions are considered 

as functional/nutraceutical foods (Wu and Wei, 2002). They are gaining popularity and 

nearly 40% of the European consumers take pro-healthy or functional foods to compensate 

lifestyle related disorders (de Jong et al., 2003; Schryver and Smith, 2006) and those not 

consuming such foods showed positive attitude towards functional foods (de Jong et al., 

2003). Nowadays, array of functional foods are available with different health claims helping 

consumer against specific health menace (Ferguson, 2009). 

Plants are the core component of human diet as plants derived food not only provides 

energy for metabolic functions but also act as precursor for protein synthesis and supply 

micronutrients like vitamins and minerals (Walton et al., 1999). Additionally, consumption 

of plant based foods including fruits, vegetables, whole grains, cereals and nuts facilitate 

disease reduction (Shahidi, 2009). Phytochemicals of plants especially phenolics have some 

medicinal worth and can be utilized as functional foods because of their ability to combat 

various maladies (Walton et al., 1999). Components of tea, garlic, ginkgo bilboa, soybean, 

grapes, some other fruits and vegetables are rich in phytochemicals with dietary importance 

for humans. Tea rich in catechins also falls in category of functional food (Wu and Wei, 

2002). Health Canada defines functional foods as products that resemble traditional foods but 

possess physiological benefits (Shahidi, 2009). Growing interest in the health reimbursement 

due to tea has directed its addition in dietary supplements (Jane et al., 2003). 

Rising interest in the use of natural ingredients has led to utilization of functional 

beverages in diet based therapy (Gruenwald, 2009) however, with limited market; Germany 

is the only country in Europe with a sizeable market of functional drink (Siro et al., 2008). 

There are some characteristic examples of functional drinks including cholesterol lowering 

drinks (with combination of omega-3 and soy), eye health drinks (with lutein) and bone 

health drinks with calcium and inulin (Keller, 2006).  Other types of functional drinks are 

also available like fortified juices are produced under the trade name of Largo containing 

inulin, L carnitine, vitamins, calcium and magnesium as bioactive ingredients (Tammsaar, 

2007).  
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Hedonic response is inimitable to determine penchant and preference of the 

consumers and provides consistent and valid results regarding the acceptance and rejection of 

a product (Stone and Sidel, 1993). Sensory evaluation is a documented method to typify the 

food on basis of natural senses including smell, taste, sight etc. that could be carried out by 

trained taste panel and consumers (McEwan et al., 2003; Kuti et al., 2004; Elortondo et al., 

2007). Sensory assessment of a product correlates with consumer approach, believes and 

awareness (Aaron et al., 1994). Products containing phytochemicals need careful assessment 

not only to evaluate consumer suitability but also find their effect on specific fragment of 

population (Gylling et al., 1999; Quílez et al., 2003, 2006). Considering the importance, 

scientists working on development of functional foods include not only physiological 

functionality but also sensory properties (Wildman and Kelley, 2007). 

  Luckow and Delahunty (2004) examined the influence of functional ingredients e.g., 

probiotics, prebiotics, vitamins, and minerals on the aroma and taste of fruit juices because 

bitter, unpleasant, astringent or off-flavors are often noticed in products made from plant 

based phytonutrients or bioactive compounds (Siro et al., 2008). Likewise, Bravo (1998) and 

Cheynier (2005) illustrated that polyphenolic contents in beverage are contributing to bitter 

and astringent taste though Urala and Lahteenmaki, (2004) narrated that increasing the 

functionality of the food should not affect its sensory quality. Moreover, consumers should 

be educated regarding the functional foods otherwise they will not be benefited because of 

unlike taste or sensory characters of the product (Urala and Lahteenmaki, 2004; Peng et al., 

2006). Taste is also an important parameter to achieve buyer approval as Gray et al. (2003) 

and Verbeke (2006) are of the view that clients will not compromise on the taste of 

functional foods. Taste is an important parameter effecting consumer acceptance besides its 

health usefulness. Consumers studies have shown that taste of product is primary factor 

effecting choice (Bech-Larsen et al., 2001; Grunert et al., 2000; Lonneker, 2007; Patterson, 

2006; Urala et al., 2003). Tuorila and Cardello (2002) highlighted that off flavor 

development in juices decreases its acceptance despite of health claims.  

Lu et al. (2010) exposed that green tea powder substitution at 10 and 20% instead of 

wheat flour in sponge cake did not affect the sensory traits. In China, tea quality is judged by 

sensory evaluation (Wang et al., 2000c). Ready to drink green tea has great demand in the 



 29

world especially in China and Japan (Dufresne and Farnworth, 2001; Liang et al., 2002; 

Huang and Xu, 2004; Xu and Huang, 2004; Fujiki, 2005).  

Stability is also an important parameter while incorporating catechins as functional 

ingredient (Yilmaz, 2006). Green tea catechins stability is affected by pH; they are stable at 

acidic pH whilst decompose at alkaline pH (Zhu et al., 1997) nonethelesss effect of pH is 

temperature dependent (Su et al., 2003).  Temperature is an influential factor as green tea 

catechins are unstable at higher temperatures, even their stability decreased at room 

temperature when stored for longer period (Su et al., 2003). Recently, Faccin et al. (2009) 

measured changes in pH and acidity values during refrigerated storage of strawberry and 

cocoa flavored beverages; they mentioned small variations in these parameters during 20 

days. Potter et al. (2007) prepared four beverages from two sources of soy protein (soy 

protein isolate and soy milk powder) using two different flavors namely brown rice syrup and 

blend of apple and white grape juice concentrate. The beverages had pH value below 4.0 

however, non significant variations were recorded during four weeks storage. Recently, 

González-Molina et al. (2009) prepared polyphenol-rich beverages using lemon and 

pomegranate juices in different proportions. They stated non significant changes in pH and 

acidity of beverages over 70 days storage. 

Product color is one of fundamental components for consumer acceptance (de Rosso 

and Mercadante, 2007). Major concern in developing a beverage is to make it eye catching 

from sensory view point (Zulueta et al., 2010). The CIELAB color system (CIE, 1986) is 

used for color measurement as it provides detailed description of color of product (Gonnet, 

1998, 1999, 2001). CIELAB parameters are L*, a* and b* where L* is the indicator of 

lightness–darkness, a* an indicator of greenness (when it is a minus value) and redness (plus 

value), and b* an indicator of blueness (minus value) and yellowness (plus value) (Kim et al., 

2007). Change in value of a* of sweet cherries was monitored by Mozetic et al. (2004) to 

determine change in color, in the same way, Chutintrasri and Noomhorm (2007) used Hunter 

parameters (L*, a*, b*) and total color differences to evaluate changes in heat treated 

pineapple puree. Mollov et al. (2007) described that addition of rose petal polyphenolics 

increased color stability of processed strawberries. Previously, Rein and Heinonen (2004) 

observed an increase in color intensity after addition of phenolic acids in strawberry 

beverage.  
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Sugared beverages consumption is a key factor in increasing obesity rate (Huffman 

and West, 2007). According to The World Health Organization sugar sweetened beverages 

(SSBs) may be one of factors leading to obesity (WHO, 2003). Young college students are 

confirming their interest in high calorie sweetened beverages (Huffman and West, 2007), 

thereby in United States, youngsters are more susceptible to weight gain (Mokad et al., 1999; 

Sheehan et al., 2003). According to a report 74% of students gained weight during their first 

semester of school (Anderson et al., 2003). Recently, higher soft drink consumption in adults 

(French et al., 2003) has been correlated with weight gain (Ludwig et al., 2001) probably due 

to excessive energy intake associated with soda and other sugared beverages. Replacement of 

energy beverages (soft drinks, juices, alcohol, milk and soya beverages) with water or other 

energy free beverages (diet soft drinks, coffee and tea) may help in weight management 

(Dennis et al., 2009), accordingly, trend of artificial sweeteners both in foods and beverages 

is increasing (Bakker, 1999; Nabors, 1999). 

2.5. Lifestyle disorders and green tea 

In Asian communities, people are considered to be over weight if their body mass 

index (BMI) is 23-24.9Kg/m2, obesity grade I is 25-29.9Kg/m2 and obesity grade II is 

>30Kg/m2 ( Inoue et al., 2000). Major causes of obesity are reduced physical activity and 

exercise (Moebus  and Stang, 2007) moreover,  increased consumption of sugar sweetened 

beverages is also a significant factor in children (Ludwig et al., 2001; Berkey et al., 2004; 

Phillips et al., 2004) and adults over time (Schulze et al., 2004; Bes-Rastrollo et al., 2006). 

Likewise, high fructose corn syrup (HFCS) used in soft drinks may play a role in initiating 

obesity (Bray et al., 2004). Decrease consumption of sugar sweetened beverages reduces the 

prevalence of overweight and obesity (James et al., 2004; Ebbeling et al., 2006). Among the 

treatments of obesity some promising means are reduced energy intake, increased physical 

activity and exercise, behavior modification, pharmacotherapy and surgery (National 

Institutes of Health, 2000).  

Weight loss up to 5–10% is associated with improvements in cholesterol, blood 

pressure and insulin sensitivity; the risk factors of cardiovascular disease and type 2 diabetes 

mellitus (Tuomilehto et al., 2001; Bantle et al., 2008). Diabetes is one of the promising 

global diseases and it is estimated that by the year 2010 the total number of people with 
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diabetes will reach to 221 million (Amos et al., 1997) whilst in 2025, 300 million will be 

victimized by the menace (Zimmet, 2003). The most affected areas are Asia and Africa 

(Amos et al., 1997).  The higher prevalence of diabetes is linked with obesity that is 

considered central cause for T2DM (Mokdad et al., 2003).  

Disease prevention strategies should include nutritional and exercise policies; specific 

dietary components with antidiabetic activity could be a part of this approach. Ingredients in 

green tea include epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate (EGCG) 

and epicatechin gallate (ECG) that have been reported to inhibit the elevation of blood sugar 

and exhibit antiobesity effects (Han, 2003; Xie et al., 2003). Later, Venables et al. (2008) 

affirmed that green tea extract improves insulin resistance and glucose tolerance in healthy 

young adults. Similarly, dietary supplementation with EGCG could potentially contribute to 

nutritional support for the prevention and treatment of type 2 diabetes (Wolfram et al., 2006).  

Oxidative stress is defined as disturbance in the balance between the production of 

reactive oxygen species (hydroxyl radical and superoxide anion) and antioxidant defense, 

may cause tissue injury (Betteridge, 2000). Green tea possesses antioxidant and 

antiinflammatory properties (Koo and Noh, 2007). EGCG is a powerful antioxidant, traps 

peroxy radicals (Saffari and Sadrzadeh, 2004) and exhibits multifunctional properties as 

indicated by laboratory results (Cabrera et al., 2006). 

Liver is an important organ for the detoxification and deposition of endogenous and 

exogenous substances. Long term treatment by antiviral drugs, vaccines and steroids in liver 

diseases may cause undesirable effects. For the purpose, herbal products with enhanced 

efficiency and safety are needed as a substitute for chemical therapy. A number of herbal 

products have been reported to protect against liver injury may possess one or combination of 

antioxidant, antifibrotic, immune modulatory or antiviral activities (Seeff et al., 2001; Lee 

and Jeong, 2002; Shin et al., 2006). In recent years, there is a substantial increase in the use 

of so-called complementary and alternative therapies employing herbal medicines by the 

patients with special reference to hepatic diseases (Strader et al., 2002; Fogden and 

Neuberger, 2003; Hanje et al., 2006).  

2.5.1. Obesity  
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 Obesity defined as body mass index ≥30Kg/m2 (Rossner, 2002), is a worldwide 

lifestyle-related disorder increasing at an alarming rate (Ohta et al., 2006). Among 

contributory factors, dietary habits are considered one of reasons for its expansion. Earlier, 

Woods et al., (2003) highlighted that intake of high fat diet in Long-Evans rats led to more 

weight gain (10%) than those fed on low fat diet. During the last few years, amplified 

consumption of carbohydrate and animal fat has contributed to obesity thereby increased 

incidence of hyperlipidemia and diabetes mellitus (Matumura et al., 2002). For the reason, 

functional ingredients are getting attention to improve lipid metabolism and control obesity 

(Ohta et al., 2006). In this context, green tea is an important tool to improve thermogenesis 

and fat oxidation (Westerterp-Plantenga et al., 2006).  

Since green tea catechins have antiobesity effects, therefore drink containing this 

active ingredient is useful for the prevention of lifestyle-related disorders. Kajimoto et al. 

(2005) prepared a drink (250 mL/bottle) containing 215.3 mg of catechins. Healthy subjects 

were divided into two groups; one group was assigned to take two while other three bottles 

per day for 12 weeks. Body weight and BMI were significantly decreased in both groups 

from 4 to 12 weeks. Later, Matsuyama et al. (2008) also verified that catechins rich beverage 

ameliorates obesity and cardiovascular disease risk without raising any safety concerns in 

Japanese children. Previously, Nagao et al. (2005) elucidated that green tea catechins 

consumption in the form of drink (690 mg catechins) caused significant reduction in body 

weight and BMI of human subjects that in turn suggested its effectiveness against lifestyle-

related disorders especially obesity. Murase et al. (2002) performed a rodent experiment to 

determine the role of catechins in high fat diet induced obesity. In mice fed on respective 

diet, supplementation of tea catechins (0.5%) caused significant reduction in body weight 

gain. High fat diet also resulted in higher blood glucose and insulin levels. Fasting serum 

glucose level of high fat diet group was 113.5±31.1mg/dL whilst in catechins group it was 

recorded to be 87.7±15.8 mg/dL. Insulin level was also decreased by 78.9% in catechins fed 

high fat diet group. It is concluded that tea catechins are beneficial for suppression of diet 

induced obesity and stimulation of hepatic lipid metabolism, one of the factors responsible 

for antiobesity affects that ultimately reduces the risks of diabetes and coronary problems. 

Ito et al. (2008) investigated the role of green tea catechins on body fat and serum 

cholesterol in rats fed on normal diet and water containing 0.5% tea catechins. 
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Supplementation of catechins decreased the serum cholesterol up to 10.7% that was 58±2 

mg/dL in catechins fed group whereas 65±1 mg/dL in control group, indicating that tea 

catechins modulate lipid metabolism. Likewise, Choo (2003) determined body fat 

suppressive effect of green tea in rats and concluded that green tea increases energy 

expenditure without affecting energy intake and suppresses body fat by reducing digestibility 

and increasing β-adrenoceptor activated thermogenesis in adipose tissues.  

2.5.2. Hypercholesterolemia 

High cholesterol diet causes significant increase in serum cholesterol level along with 

sensitivity to oxidation (Stehbens, 1986; Bulur et al., 1995; Devrim et al., 2008). 

Hypercholesterolemia is not only a risk factor for atherosclerosis (NCEP, 2002) but also 

increases oxidative stress thus leads to lipid peroxidation (Cox and Cohen, 1996). A research 

exploration indicated that rats are less susceptible than rabbits to atherogenic effect of 

cholesterol rich diet because differences exist in lipid peroxidation products and antioxidant 

enzymes activity (Mahfouz and Kummerow, 2000). Sucrose rich diet induces 

hypertriglyceridemia and hypercholesterolemia (Yang et al., 2001). 

Catechins enriched green tea extract decreases plasma cholesterol in hamster, mice 

and rat models (Bursill et al., 2007). Feeding green tea catechins reduces body weight 

without affecting the feed intake and also decreases plasma cholesterol in mice fed on diet 

containing 30% fat. In the mice serum cholesterol raised from 76.43±4.35 to 105.73±21.48 

mg/dL after feeding on high fat diet however, in 0.5% catechins fed group value for this trait 

was observed to be 100.81±14.65 mg/dL (Raneva and Shimasaki, 2005). Likewise, in rabbits 

fed on cholesterol diet (0.25%w/w), administration of crude catechins of green tea for 4 

weeks caused significant reduction in plasma cholesterol and LDL i.e. 60 and 80%, 

respectively (Bursill et al., 2007). Previously, Yang and Koo (1997) affirmed that Chinese 

green tea showed momentous reduction in the serum and liver cholesterol 37 and 31%, 

respectively and increased HDL-total cholesterol ratio in diet-induced hypercholesterolemic 

rat modeling, while non significant differences were observed in HDL-cholesterol and 

triglycerides. In contrary, plasma cholesterol was lowered by 23 and 16% by intake of 4 and 

2% Chinese green tea (Lung Chen) groups, respectively as compared to cholesterol fed group 

without green tea. The decrease by Chinese green tea (Lung Chen) is due to increased fecal 



 34

bile acid and cholesterol excretion in diet induced hypercholesterolemic Sprague Dawley rats 

(Yang and Koo, 2000). In hamsters modeling provision of diet containing lard 200 g/kg + 

cholesterol 1g/kg to two groups, one provided 15 g/L green tea water extract and other 5.0 

g/L green tea extract solution for four weeks showed lower serum cholesterol and 

triacylglycerol concentrations than control group. Cholesterol was attenuated from 5.38 to 

4.81 and 5.38 to 4.35 mmol/L in 15 g/L and 5.0 g/L, respectively (Chan et al., 1999).  

Hypolipidemic effect of green tea extract is due to its influence on absorption of 

dietary fat (Chan et al., 1999; Yang et al., 2001) and cholesterol (Chan et al., 1999; 

Raederstorff et al., 2003). Similarly, Kobayashi et al. (2005) observed that tea catechins 

(C+T) and heat epimerized tea catechins (C+H) lowered serum cholesterol by inhibiting 

intestinal cholesterol absorption in cholesterol fed SD rats. Rats serum cholesterol was 

decreased by 23% in (C+T) group and 21% in (C+H) group, whilst HDL level was increased 

from 48 to 51.7 in (C+T) group and 57.9 mg/dL in (C+H) group. 

Daily green tea consumption up to ten cups is associated with decreasing serum total 

cholesterol in both men and women (Tokunaga et al., 2002). Drink containing tea ethanolic 

extract (1% w/v) reduced triglyceride and cholesterol levels in Sprague Dawley rats whereas 

HDL-cholesterol remained unaffected (Yang et al., 2001). Similarly, rats fed on 2% 

powdered green tea (PGT) showed significant reductions in triglycerides (42.3%), total-

cholesterol (18.6%), LDL+VLDL cholesterol (66%) and serum TBARS (14.1%) as 

compared to control (Zhang et al., 2002). Later, Ohta et al. (2006) depicted that feeding 

Sprague Dawley rats on high fat diet with 1.0% tea catechins showed significant reduction in 

blood triglycerides. Lately, Richard et al. (2009) illustrated that supply of decaffeinated 

green tea to leptin deficient (ob/ob) mice for period of 6 weeks resulted in low weight gain 

along with significant reduction in cholesterol (13.7%) and triglycerides (18.86%). 

Green tea catechins, particularly EGCG, interfere with the emulsification, digestion 

and micellar solubilization of lipids, critical steps involved in the intestinal absorption of 

dietary fat, cholesterol, and other lipids. On such bases, it is envisaged that green tea or its 

catechins mitigate absorption and tissue accumulation of other lipophilic organic compounds 

therefore green tea or catechins are considered as safe and effective lipid lowering 

therapeutic agents (Koo and Noh, 2007).  



 35

2.5.3. Hyperglycemia and hyperinsulinemia 

Diabetes and obesity are the common metabolic syndromes related with expansion of 

coronary diseases. Obesity may lead to diabetes and oxidative stress (Polychronopoulos et 

al., 2008) as chronic hyperglycemia promotes the production of oxygen free radicals (Yun et 

al., 2006). However, dietary modifications and exercise improve glucose metabolism (Hays 

et al., 2008).  

Tea has been a part of Chinese civilization for the past 5000 years (Wu et al., 2004b), 

consumed widely in Asian cultures and becoming popular in Western world (Tsuneki et al., 

2004). In folk medicines, tea was considered as medicinal plant containing antidiabetic effect 

(Shokrzadeh et al., 2006) thus preventing type 2 diabetes (Tsuneki et al., 2004). Tea intake in 

human mitigates blood glucose in obese subjects and moderate tea consumption (1-2 

cups/day) attenuates the probability of diabetes up to 88% among non-obese regardless of 

age, sex, smoking, physical exercise, dietary habits and other clinical characteristics 

(Polychronopoulos et al., 2008). Previously, Shokrzadeh et al. (2006) reported that intake of 

green tea aqueous extract in rats led to glucose lowering effect up to 30% after 2 h of oral 

administration due to decreased intestinal absorption. Afterward, Renno et al. (2008) 

affirmed that drinking green tea (16%) in streptozotocin (STZ)-induced diabetic rats as sole 

source of drinking water significantly alleviated serum glucose level. Blood glucose value in 

control group was 90.8 mg/dL whilst in diabetic group it raised to 573.6 mg/dL that was 

gradually decreased to 403.7 mg/dL by green tea. Likewise, Babu et al. (2006) observed that 

oral intake of green tea extract for four weeks reduces blood glucose in diabetic rats. Blood 

glucose level of normal rats was 123±4 mg/dL that elevated to 389±6 mg/dL in diabetics rats 

whilst decreased to 236±3 mg/dL in green tea extract treated rats.  

According to Zeyuan et al. (1998) feeding Sprague Dawley rats with green tea or its 

water extract substantially decreased blood glucose level by 23.9% thus proved its 

effectiveness in glucose reduction. Effects of green tea catechins on glucose tolerance and 

oxidative stress status in type II diabetes was determined by Igarashi et al. (2007). They 

observed that GK rats fed on catechins-containing diet intended to maintain their blood 

glucose in latter stages of feeding period (76 days) than rats without receiving catechins, it is 



 36

deduced that green tea catechins are effective in delaying the progression of diabetes and 

associated oxidative stress. 

Green tea polyphenols inhibit lipid peroxidation (LP), scavenge in vitro hydroxyl and 

superoxide radicals. Administration of green tea polyphenols to normal rats increases glucose 

tolerance significantly at 60 minutes. Daily administration of green tea extract 50 and 

100mg/kg body weight to alloxan induced diabetic rats reduces blood glucose by 29 and 

44%, respectively. Green tea also decreases lipid peroxidation (LP) level that was increased 

due to alloxan treatment. Effect on glutamate pyruvate transaminase is the probable 

mechanism of alteration in glucose and oxidation status in rats by green tea (Sabu et al., 

2002).  

Tsuneki et al. (2004) conducted a cohort study to confirm the improvement in glucose 

metabolism of healthy humans using green tea at 1.5g in oral glucose tolerance test. 

Afterwards, short term animal experiments also proved that oral addition of green tea 

suppresses the elevation of blood sugar (Maeda et al., 2005). 

Diet containing high amount of fructose leads to insulin resistance a condition alike 

type II diabetes in humans (Wu et al., 2004a). Provision of high fructose diet (60%) to 

Sprague Dawley rats for 8 weeks resulted increase in fasting insulin (103 ρmol/L) thus 

causing hyperinsulinaemia (Huang et al., 2004). Utilization of natural products helps to 

combat insulin resistance (Hays et al., 2008). Tea increases insulin activity by 15 times as 

confirmed by in vitro trial (Anderson and Polansky, 2002). Supplementation of green tea 

(0.5g green tea powder/100 mL) instead of water to Sprague Dawley rats for 12 weeks 

lowered fasting plasma glucose and insulin. Fasting blood glucose and insulin level in control 

group without green tea were 113±3 mg/dL and 13.4±3.3 µU/mL, respectively whereas in 

green tea given group glucose and insulin values were 105±6 mg/dL and 9.6±3.6 µU/mL, 

respectively. There was significant decrease 7% and 28% in glucose and insulin, 

respectively. The effect was attenuated by increasing insulin stimulated glucose uptake. It is 

suggested that green tea increases insulin sensitivity in Sprague Dawley rats (Wu et al., 

2004b). Green tea provision to high fructose fed Sprague Dawley rats leads to decrease in 

blood glucose, insulin and triglycerides levels. The amelioration of insulin resistance by 
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green tea is associated with increased expression of glucose transporter (GLUT) IV (Wu et 

al., 2004a). 

Subsequently, Li et al. (2006) explicated the role of green tea on glucose metabolism 

in fructose fed insulin resistance hamster model. They observed high insulin level that was 

reversed by green tea extract supplementation containing EGCG along with improved serum 

glucose level during glucose tolerance test. Insulin level was decreased by 52% in group 

given green tea (150mg/kg body weight/day) as compared to control. 

According to Islam and Choi (2007), low dose of green tea (0.5%) has insulinotropic 

effect. Its cold extract possesses antidiabetic activity in KK-Ay mice (an animal model of 

genetically type 2 diabetes with hyperinsulinemia) by improving plasma insulin sensitivity 

thus decreasing insulin resistance (Miura et al., 2005).  

2.5.4. Antioxidant potential 

Oxidative stress occurs when there is imbalance between prooxidant relative to 

antioxidant and antioxidant defense mechanism. The imbalance may be due to increased 

production of reactive oxygen species and impaired antioxidant defense (Shah and Channon, 

2004). Green tea consumption improves overall antioxidant status and protects oxidative 

damage, in human subjects intake of two cups containing 250 mg of total catechins in 

controlled diet group of healthy volunteer’s causes significant increase in plasma antioxidant 

activity whilst decrease in plasma LDL-cholesterol and lipid peroxides levels as indicated by 

MDA (Erba et al., 2005). Hypocholesterolemic patients also showed marked increase in total 

antioxidant potential after green tea consumption (Santana et al., 2008). In rats, oral 

administration of green tea polyphenols at dose of 1.0 g/Kg for 23 days caused significant 

decrease 32% in serum thiobarbituric acid reactive substances (TBARS) with concurrent 

reduction in serum total cholesterol (Nakamura et al., 2001). Green tea intake creates 

hindrance against oxidative damage by decreasing aspartate aminotransferase (AST) activity 

and uric acid (UA) concentration after exercise and improves glutathione post exercise level 

(Panza et al., 2008). Glutathione is a tripeptide performing functions like detoxification and 

antioxidant defense. It is synthesized in the cytosol of all mammalian cells and especially 

concentrated in the liver (Lu, 2009). High cholesterol diet causes increase in plasma TBARS 

as reported by Chenni et al. (2007) that in rats, cholesterol feeding increased their TBARS 
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value to 10.76 ± 1.18 µmol/L. In another research study, cholesterol feeding to SD rats raised 

their TBARS to 13.29±0.71 µmol/L (Park et al., 2002). High cholesterol diet in mice raised 

their TBARS value to 30.3±4.17 µmol/L that was significantly decreased by catechins to 

20.0±4.90 µmol/L (Miura et al., 2001). 

Recently, Noori et al. (2009) investigated the effect of green tea against carbon 

tetrachloride (CCl4) induced liver cirrhosis in rodents modeling. Plasma alanine 

aminotransferase (ALT), alkaline phosphatase (ALP), total and direct bilirubin were much 

lower in orally treated green tea group confirming its vitality against liver dysfunctions. 

Previously, carbon tetrachloride induced hepatotoxic rats were used by Hassan et al. (2007) 

to assess the protective role of green tea. Liver functioning enzymes (aspartate 

aminotransferase AST, alanine aminotransferase ALT and alkaline phosphatase ALP) were 

reduced in the serum of rats treated with green tea.  

Feillet-Coudray et al. (2009) indicated that high fat + high sucrose diet uplifts lipid 

and protein oxidation that leads to oxidative stress. Currently, Ramesh et al. (2009) 

explicated the efficacy of green tea catechins in atherosclerotic rats with hepatic oxidative 

abnormalities and documented that albino rats fed on atherogenic diet with given 

intraperitoneal injection (ip) of green tea derived catechins (100 mg/Kg) showed decreased 

activities of serum AST, ALT and ALP.  

Treatment of green tea extract (300mg/kg body weight/day) for four weeks in diabetic 

rats resulted in significant reduction in serum level of AST proving its worth as therapeutic 

agent in diabetes complications (Babu et al., 2007). Green tea and its components (catechins) 

improve renal failure, accordingly Renno et al. (2008) examined the long term effect of green 

tea extract on streptozotocin (STZ) induced diabetic nephropathy in Sprague Dawley rats. 

Diabetic group receiving green tea (16%) as drinking source for 12 weeks showed marked 

decrease in serum creatinine (38.9%) and urea (41.7%) as compared to diabetic group 

without demulcent.  

Kuzu et al. (2008) conducted an experiment to determine the effect of high fat diet 

HFD + EGCG on Sprague Dawley rats; they observed significant increase in ALT, 

triglycerides, insulin and glucose levels in HFD group and there was momentous reduction in 

these parameters in group given high fat diet with EGCG. Additionally, plasma MDA level 
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was also lowered in HFD + EGCG group than that of HFD group alone. Furthermore 

glutathione level in HFD + EGCG group was significantly higher than HFD group. 

Takami et al. (2008) investigated subchronic toxicity of green tea catechins at 

concentration of 0, 0.3, 1.25 and 5.0% for 90 days in male and female rats for safety 

assessment. Hematological and histopathological studies supported that there is no green tea 

catechins related toxicological changes. No observed adverse effect level (NOAEL) of green 

tea catechins was 1.25% (764 mg/Kg body weight/day for male and 820 mg/Kg body 

weight/day for female). Likewise, Chengelis et al. (2008) also performed safety studies on 

heat treated green tea catechins to evaluate adverse effects. Heat sterilized green tea catechins 

(GTC-H) and heat unsterilized green tea catechins (GTC-UH) were given orally to rats up to 

2000 mg/kg/day for 28 days. No deaths were attributed to green catechins (sterilized or 

unsterilized). Clinical condition of animals, clinical pathology evaluation and organ weights 

were unaffected by any of green tea catechins (GTC-H or GTC-UH). Recently, Morita et al. 

(2009) indicated that NOAEL of heat sterilized green tea is 1200 mg/kg/day for male rats and 

400 mg/Kg/day for female rats however, Isbrucker et al. (2006) outlined that NOAEL for 

EGCG is 500 mg/Kg/day. 

 

2.6. Health claims of epigallocatechin gallate (EGCG) 

Epigallocatechin gallate (EGCG) is the most abundant fraction of catechins in green 

tea (Kovacs et al., 2004; Wang et al., 2006) responsible for many of the health claims of 

green tea (Lambert and Yang, 2003; Wolfram et al., 2006). EGCG exhibited anti-

inflammatory effects (Wang et al., 2006) and acted as a strong antioxidant (Yun et al., 2006). 

The chemical formula of EGCG is C22H18O11 named as [2R,3R]-2-[3,4,5-Trihydroxyphenyl]-

3,4-dihydro-1[2H]-benzopyran-3,5,7-triol3-[3,4,5- trihydroxybenzoate]. EGCG is twenty 

five and hundred times more effective than vitamin E and C, respectively and used 

extensively as antioxidant (Kang et al., 2000).  

EGCG exerts potent antiobesity effects in mouse and rat models of diet-induced 

obesity (Wolfram et al., 2005; Klaus et al., 2005). Antiobesity role of EGCG against high fat 

diet in mice was explored by Bose et al. (2008). Administration of EGCG for 16 weeks 

resulted in reduced body weight, percent body fat and plasma cholesterol. Earlier, Raedstorff 
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et al. (2003) investigated the effect of diet containing high cholesterol and fat in rats. They 

mentioned that 1% EGCG caused significant reduction in cholesterol and LDL after four 

weeks of treatment whereas plasma triglycerides and HDL are not affected significantly. 

EGCG causes decrease in cholesterol absorption by interfering with micellar solubilization of 

cholesterol in digestive tract. Subsequently, Kuzu et al. (2008) noted that triglycerides are 

reduced in Sprague Dawley rats fed EGCG along with high fat diet. Similarly, Li et al. 

(2006) also described that Green tea extract rich in EGCG causes significant reduction in 

triglycerides level not only in plasma but also in liver and heart tissues in fructose fed 

hamsters. Feeding hamster on high fructose diet increased their blood glucose level by 62% 

that was decreased to 52% by giving green tea extract (150mg/kg body weight /day). 

Likewise, Wolfram et al. (2006) pointed out that EGCG reduced the plasma concentrations 

of triacylglycerol. Glucose and triacylglycerol were decreased by 15.95 and 18.9% with 0.5% 

EGCG. This active fraction significantly reduced body weight, serum glucose, cholesterol 

and triglycerides in Sprague Dawley rats when catechins were injected intraperitoneally. A 

similar effect was observed in lean and obese Zucker rats (Kao et al., 2000).  

EGCG also played a substantial role in lowering blood glucose level (Li et al., 2007); 

improves rats oral glucose tolerance and blood glucose in dose dependent manner along with 

enhanced glucose-stimulated insulin secretion (Wolfram et al., 2006). High performance 

liquid chromatography (HPLC) fractionation of tea extract utilizing C18 column has shown 

that majority of the insulin potentiating activity of green tea is due to epigallocatechin gallate 

(Anderson and Polansky, 2002). In a 50 days oral feeding trial of EGCG at dose levels of 25, 

50 and 100 mg/Kg bodyweight/day suppressed hyperglycemia in rats after STZ injection. 

Blood glucose level of normal rats was 193±9 mg/dL that inclined to 592±38 mg/dL in 

diabetic condition and was gradually decreased to 487±22 mg/dL by treating with 50 mg 

EGCG/kg body weight/day (Yamabe et al., 2006).  Afterwards, Ueda et al. (2008) conducted 

an experiment to study the effect of EGCG on glucose uptake and translocation of insulin 

sensitive glucose transporter (GLUT 4) in skeletal muscles and reported that single oral dose 

of EGCG (75mg/Kg body weight) promoted translocation of GLUT 4 in these muscles.  

Lately, Roghani and Baluchnejadmojarad (2010) highlighted that treatment of 

diabetic rats with 25mg/kg/day of EGCG for 8 weeks improves serum glucose and lipid 

profile. Considering the daily oral administration dietary supplementation up to 500 mg /kg 
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causes no toxicity in rats and dogs (Isbrucker et al., 2006). Furthermore, Bose et al. (2008) 

also illustrated that plasma cholesterol, insulin, glucose and ALT concentrations were 

reduced in EGCG treated high fat diet group. Three month old diet induced obese mice when 

received EGCG @ 3.2 g/kg diet showed marked decrease in blood glucose levels.  

EGCG is an effective antioxidant (Yin et al., 2008) and its 0.1% solution in drinking 

water decreases serum AST and ALT raised by CCL4  in rat modeling thus cures liver 

complications (Yasuda et al., 2009). EGCG administration to Sprague Dawley rats for six 

weeks along with high fat diet (HFD) caused significant reduction in ALT, triglycerides, 

insulin, glucose levels as compared to those without EGCG. MDA level was also lowered in 

HFD+EGCG group while glutathione content was significantly higher in HFD+EGCG than 

HFD group. In both HFD and HFD+EGCG groups, values for insulin (µIU/mL), glucose 

(mg/dL) and triglyceride (mg/dL) were 158±0.03, 145.87±6.22, 204.2±106.1 and 133±0.038, 

130.28±4.23, 126.14±20.19, respectively (Kuzu et al., 2008).  

It is concluded from gathered information regarding tea polyphenols that time and 

extraction solvents are the important factors determining the concentration of extracted active 

ingredients. Green tea has potential role against lifestyle-related maladies and possesses 

strong antioxidant activity. Therefore, present project was designed to explore the role of 

different solvents at various time intervals on the concentration of extracted catechins. To 

expose health enhancing properties of green tea catechins, functional drink was developed 

with added catechins and EGCG with the purpose to check out its efficincy against obesity, 

hypercholesterolemia, hyperglycemia and oxidation. 
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CHAPTER 3 

       MATERIALS AND METHODS 

Present research project was conducted in the Postgraduate Research Laboratory, 

National Institute of Food Science and Technology (NIFSAT). Materials used and protocols 

followed are described as under;  

3.1. Materials  

Green tea leaves of Qi-Men variety were obtained from National Tea Research 

Institute (NTRI), Shinkiari, Mansehra. Reagents (analytical and HPLC grade) and standards 

were purchased from Merck (Merck KGaA, Darmstadt, Germany) and Sigma-Aldrich 

(Sigma-Aldrich Tokyo, Japan). Male Sprague Dawley rats used in the efficacy trials were 

acquired from National Institute of Health (NIH) Islamabad. Diagnostic Kits used were from 

Sigma-Aldrich, Bioassay (Bioassays Chemical Co. Germany) and Cayman Chemicals 

(Cayman Europe, Estonia). 

3.2. Characterization of Green tea  

Green tea leaves were ground (Renker, Model: GMO 1 grinder) and analyzed for 

various quality attributes including proximate analysis, mineral composition, polyphenols 

and alkaloids. The detail is hereafter;  

3.2.1. Proximate analysis 

Green tea was analyzed for moisture, ash, crude protein, crude fat, crude fiber and 

nitrogen free extract. All the tests were carried out in triplicate. 

3.2.1.1. Moisture content 

Moisture contents of green tea were determined by drying the sample in Air Forced 

Draft Oven (Model: DO-1-30/02, PCSIR, Pakistan) at 105±5°C till constant weight 

according to AACC (2000) Method No. 44-15A.  
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3.2.1.2. Crude protein 

Kjeltech Apparatus (Model: D-40599, Behr Labor Technik, Gmbh-Germany) was 

used for the determination of protein content of green tea sample as per procedure described 

in AACC (2000) Method No. 46-30.  

3.2.1.3. Crude fat 

Crude fat content was calculated using hexane as a solvent in Soxtec System (Model: 

H-2 1045 Extraction Unit, Hoganas, Sweden) following the respective protocol of AACC 

(2000) Method No. 30-25. 

3.2.1.4. Crude fiber 

Crude fiber in fat free samples was estimated by digesting with 1.25% H2SO4 for 30 

min and further subjected to digestion with 1.25% NaOH solution through Labconco 

Fibertech (Labconco Corporation Kansas, USA) as expressed in AACC (2000) Method No. 

32-10.  

3.2.1.5. Total ash 

Ash in each dry sample was estimated by direct incineration in a Muffle Furnace 

(MF-1/02, PCSIR, Pakistan) at 550°C after charring till grayish white residue (AACC, 2000; 

Method No. 08-01).  

3.2.1.6. Nitrogen free extract (NFE) 

NFE was calculated according to the following expression: 

NFE % = 100 – (CP % + CF % + CF % + Ash %) 

CP = Crude protein 

CF = Crude fat 

CF = Crude Fiber 

3.2.2. Minerals 

Green tea was subjected to mineral analysis following the instructions of AOAC 

(2003). Sodium and potassium were determined through Flame Photometer-410 (Sherwood 



 44

Scientific Ltd., Cambridge) whilst Atomic Absorption Spectrophotometer (Varian AA240, 

Australia) was used for measurement of calcium, zinc, iron and manganese.  

3.2.3. Polyphenols  

Total polyphenols (TP) in green tea were determined using Folin-Ciocalteu method 

(Singleton et al., 1999) based on the reduction of phosphotungstic acid to phosphotungstic 

blue, the absorbance of which is proportional to number of aromatic phenolic groups. For the 

purpose, 50 µL of sample was added to 250 µL of Folin-Ciocalteu’s reagent then added 750 

µL of 20% Na2CO3 solution and volume (5 mL) was made with distilled water. After two 

hours, absorbance was measured at 765 nm with UV/visible light Spectrophotometer (CECIL 

CE7200) against control containing all reaction reagents except green tea extract. Total 

polyphenols content was calculated and values were expressed as gallic acid equivalent (mg 

gallic acid/g). 

3.2.4. Alkaloids  

Total alkaloids including caffeine, theophylline and theobromine were estimated as 

described in AACC (2000).  

3.3. Extraction from green tea 

Green tea catechins were extracted likewise epigallocatechin gallate (EGCG) was 

also fractionated separately according to their respective methods. 

3.3.1. Extraction of catechins 

Catechins rich fraction from green tea was separated using three solvents namely 

water, ethanol (50%) and methanol (50%) at three time intervals (20, 40 and 60 min) and 

constant temperature of 40oC (Table 1). Solvent extracts (aqueous methanol and ethanol) 

except the water extract were concentrated through Rotary Evaporator (Eyela, Japan) after 

filtration and further dried through Vacuum Oven (DZF-6020). The resultant powdered 

extracts were dissolved in water and along with water extract, subjected to partition by 

chloroform and ethyl acetate to obtain their respective catechins rich fractions followed by 

rotary evaporation and vacuum drying (Row and Jin, 2006). The systematic scheme for 

catechins extraction is depicted in Figure 1. Cost of catechins extraction and functional drink 
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preparation was not too high as most of the solvents were recovered through rotary 

evaporation and process steps were repeatable. 

 

Table 1. Treatments used for estimation of solvents extraction efficiency 

Treatments Solvent Time (min) 

T1 Ethanol 20 

T2 Methanol  20 

T3 Water  20 

T4 Ethanol 40 

T5 Methanol 40 

T6 Water  40 

T7 Ethanol 60 

T8 Methanol 60 

T9 Water 60 

Ethanol = (50% ethanol + 50% water) 
Methanol = (50% methanol + 50% water) 
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Figure 1. Systematic scheme for extraction of catechins  
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3.3.2. Extraction of Epigallocatechingallate (EGCG) 

Epigallocatechingallate (EGCG) rich fraction was obtained by solvent partition 

method following the guidelines of Copeland et al. (1998). In 25 g green tea sample, 350 mL 

water was added and filtered. Later, the filtrate containing 30 mM caffeine was centrifuged 

(M-3k30, Sigma, Germany) at 16,600xg for 20 min. Pellet was reconstituted in water; 

caffeine was removed by shaking with equal volume of chloroform in separating funnel for 

one minute. The decaffeinated brew was partitioned with ethyl hexanoate into aqueous 

fraction and waste solvent. The resultant aqueous fraction thus obtained was subjected to 

further partition with propyl acetate to get EGCG rich fraction. The extracted EGCG was 

initially concentrated with Rotary Evaporator and then dried in powder form using Freeze 

Drier (CHIRST, Alpha 1-4 LD plus, Germany). The systematic scheme for EGCG extraction 

is depicted in Figure 2. 

3.4. HPLC analysis of catechins 

Catechins rich fractions were analyzed for active ingredients (epicatechin EC, 

epigallocatechingallate EGCG, epigallocatechin EGC, epicatechingallate ECG) by HPLC 

(PerkinElmer, Series 200, USA) containing C18 column (250 mm x 4.6 mm, 5.0 µm particle 

size) and an autosampler. Sample amount 10 µL and column temperature 40oC were kept 

during HPLC analysis. During catechins quantification, mobile phase including solvent A 

(acetonitrile/acetic acid/water 6:1:193) and solvent B (acetonitrile/acetic acid/water 60:1:139) 

was used with a flow rate of 1 mL/min. Quantification of individual component was carried 

out by UV detector at 280 nm, likewise extracted epigallocatechingallate (EGCG) rich 

fraction was also analyzed through HPLC (Liang et al., 2007).  

3.5. In Vitro studies 

3.5.1. Antioxidant potential of extracted catechins and EGCG 

Extracted catechins fractions along with EGCG were subjected to in vitro tests 

including free radical scavenging ability (DPPH assay) and antioxidant activity to evaluate 

their antioxidant potential.  
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Figure 2. Systematic scheme for the extraction of EGCG 
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3.5.1.1. Free radical scavenging activity (DPPH assay) 

DPPH radical scavenging activity of catechins and EGCG was measured according to 

the method of Brand-Williams et al. (1995). Accordingly, one mL of DPPH was added to 

each (4 mL) sample and incubated at room temperature for 30 min. Absorbance was noted at 

520 nm using Spectrophotometer. Positive and negative controls were also prepared for 

comparison. The ability to scavenge DPPH free radical was calculated using the following 

formula;  

 Reduction of absorbance (%) = [(AB - AA) / AB] × 100 

AB = absorbance of blank sample (t = 0 min) 

AA = absorbance of tested extract solution (t = 15 min) 

3.5.1.2. Antioxidant activity 

Antioxidant activity of the catechins and EGCG was determined following the 

protocol of Taga et al. (1984). Oxidation of β-carotene emulsion was measured 

spectrophotometrically by reading absorbance at 470 nm at 0, 10, 20, 30 and 40 min. The 

degradation rate of the catechins extracts was calculated using following equation (Al-

Saikhan et al., 1995). 

 In (a/b) × 1/t = degradation rate of sample 

ln = natural log 

a = initial absorbance (470 nm) at time zero 

b = absorbance (470 nm) after 40 min  

t = time (min)  

Antioxidant activity (AA) was expressed as % inhibition relative to control 

100 
control of raten Degradatio

sample of raten degradatio - control of raten Degradatio
AA ×=    

3.5.2. Glucose diffusion 

Effect of catechins and EGCG fraction on glucose diffusion was observed using the 

protocol as described by Gallagher et al. (2003). In dialysis tube (Spectra/Por, MWCO:2000; 
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6cm x 15mm) 6 mL of sample and 2 mL of 0.15 M sodium chloride containing 1.65 mM D-

glucose were added. Sealed tubes were placed in centrifuge tubes each containing 45 mL 

sodium chloride and placed in Water Bath (Memmert, WNB-29, Germany) at 37 oC for 3 

hours. Control test was also performed. Glucose concentration in dialysis tubes was 

measured using glucose oxidase kit.   

3.6. Selection of Best Treatment 

Based on the results of extraction efficiency, HPLC characterization and in vitro tests, 

one best treatment from catechins was selected and used for the preparation of functional 

drink.  

3.7. Functional drink 

Functional drink (Green Cool) was prepared using selected treatment (catechins), 

along with epigallocatechin gallate (EGCG) enriched functional drink and a control was also 

prepared for comparison purpose (Table 2). The major ingredients of functional drinks were 

aspartame, citric acid, sodium benzoate, carboxy methyl cellulose (CMC), food grade color 

and flavor. After processing of drinks, active ingredients including catechins and EGCG were 

added individually @ 550 mg/500mL in respective drink. In Pakistan mostly hot summer 

prevails, therefore green cool was prepared with added catechins rather than traditional tea, 

as it could be consumed troughout the year. 

    Table 2. Treatments used for the preparation of functional drinks 

Treatments  Functional drink  

T0 Control drink (without active ingredient) 

T1 Drink containing catechins  

T2 Drink containing EGCG  

 

3.7.1. Physico-chemical analysis of functional drinks 

Functional drinks were analyzed for the following characteristics during two month 

storage at 0, 15, 30, 45 and 60 days.  
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3.7.1.1. Color 

The color of prepared functional drinks was estimated using CIE-Lab Color Meter 

(CIELAB SPACE, Color Tech-PCM, USA). To run the experiment, 5mL of sample was 

taken and color values as L* (lightness), a* (–a greenness; +a redness), and b* (–b blueness; 

+b yellowness) were recorded. The data thus obtained was used to calculate chroma (C*) and 

hue angle (Duangmal et al., 2008).  

 

 

3.7.1.2. Soluble Solids  

 Total soluble solids in functional drink samples were estimated by hands 

refractometer (TAMCO, Model No. 90021, Japan) and results were expressed as percent 

soluble solids (°Brix). 

3.7.1.3. pH 

Functional drinks samples were taken in 50 mL beakers and pH was recorded directly 

though calibrated pH meter (InoLab 720, Germany) according to method described in 

AOAC, 1990. 

3.7.1.4. Total acidity  

Total acidity of functional drinks was determined by titrating samples against 0.1N 

sodium hydroxide solution to persistent pink color following protocols of AOAC, 1990). 

3.7.1.5. Sensory evaluation 

The Functional drinks (T0, T1, T2) were subjected to sensory evaluation by trained 

taste panel using nine point hedonic scale system (9 = like extremely; 1 = dislike extremely) 

as described by Meilgaard et al. (2007). Sensory evaluation regarding attributes like color, 

flavor, sweetness, sourness and overall acceptability was performed at 0, 15, 30, 45 and 60 

days (Appendix-I). Hedonic response was judged in Sensory Evaluation Laboratory of 

NIFSAT, University of Agriculture, Faisalabad. On the day of evaluation, panelists were 

seated in separate booths with white fluorescent light and drinks were presented in 

transparent glasses labeled with random codes. Panelists were provided water and unsalted 

Chroma (C*) = [(a*)2 + (b*)2]1/2 

Hue angle (h) = tan-1 (b*/a*) 
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crackers to neutralize their mouth between samples testing. Samples were presented to the 

judges randomly and were asked to rate their acceptance by giving score for selected 

parameters.  

3.8. Efficacy studies 

For the entire rodent trial, one hundred twenty male Sprague Dawley rats were 

procured from National Institute of Health (NIH), Islamabad and housed in the Animal Room 

of National Institute of Food Science and Technology. Four types of studies were conducted 

separately using normal diet, high cholesterol diet, high sucrose diet and high cholesterol + 

high sucrose diet to determine the effect of functional drinks on selected parameters of 

collected serum of rats including lipid profile, glucose & insulin levels, antioxidant status and 

serum biochemistry (liver and renal function tests and serum proteins). At the initiation of 

study some rats were sacrificed to get baseline values. Although the four studies were 

performed separately however, the results of investigated parameters in all studies were 

discussed collectively for better understandings. 

Study I: Normal diet 

Rats were acclimatized by feeding basal diet for a period of one week. Initially 

efficacy trial was conducted in rats given normal diet. For the purpose, thirty Sprague 

Dawley rats were randomly divided into three groups, of ten each. The functional drinks 

prepared from the selected treatments were provided for a period of 8 weeks (Table 3). The 

experimental diet (Appendix II) comprised of corn oil (10%), protein (10%), corn starch 

(66%) and cellulose (10%), mineral (3%) and vitamin mixture (1%).  

The temperature (23±2ºC) and relative humidity (55±5%) were maintained 

throughout the experiment with 12 hours light-dark period. Feed & drink intake was recorded 

daily whilst body weight on weekly basis throughout the experiment. Spilled diet and feces 

were also collected. The overnight fasted rats were sacrificed after eight weeks of feeding 

with simultaneous intake of functional drinks. Body organs including heart, liver, left & right 

kidney, spleen, lungs and pancreas were weighed to calculate organ to body weigh ratio. 

Blood samples of rats were collected through cardiac puncture; EDTA coated tubes were 

employed for serum collection and further used to perform various assays through Microlab-

300, Merck, Germany.  
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Following similar approach, three other studies were conducted to determine the 

impact of functional drinks against respective diets i.e. high cholesterol, high sucrose and 

high cholesterol+high sucrose diet in separate rodent modeling. 

Study II: High cholesterol diet 

 In study II, high cholesterol diet containing 1% of cholesterol was distributed to the 

normal rats to raise their lipid profile i.e. cholesterol, high density lipoprotein (HDL), low 

density lipoprotein (LDL) and triglycerides. The functional drinks were also provided to the 

rats groups simultaneously to synchronize their effect on the respective category. 

Study III: High sucrose diet 

 In study III, high sucrose diet containing 40% sucrose was given to the normal rats to 

induce obesity and determine its effect on serum glucose and insulin levels. At the same 

time, effect of functional drinks on the induced trait in respective groups of rats was assessed.  

Study IV: High cholesterol+high sucrose diet 

Rats of group IV were fed on diet including both cholesterol and sucrose in amount of 

1% and 40% respectively with concurrent intake of particular functional drinks to find their 

effect on selected serum parameters. 

Table 3. Diet plan used in the studies 
 (Study I) 

Normal diet 
(Study II) 

High cholesterol 
diet 

(Study III) 
High sucrose 

diet 

(Study IV) 
High cholesterol + high 

sucrose diet 
Groups 1 2 3 1 2 3 1 2 3 1 2 3 
Drinks T0 T1 T2 T 0 T1 T2 T0 T1 T2 T0 T1 T2 

T0:  placebo    
T1:  drink containing catechins  
T2: drink containing EGCG  
 

The following parameters were recorded separately in all rat modeling studies.  

3.8.1. Feed and drink intake 

Net feed intake of each group was measured daily by excluding spilled diet from the 

total diet during the entire study period (Wolf and Weidbrode, 2003). The functional drink 
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intake of each group was also recorded daily by monitoring the differences in the graduated 

bottles. 

3.8.2. Body weight gain 

Gain in body weight of experimental groups was measured weekly throughout the 

study period to monitor suppressing effect of functional drinks on body weight gain. 

3.8.3. Organs weight  

Organs i.e. liver, heart, kidney, spleen, lungs and pancreas were collected after 

dissection to determine the effect of test diets on organ weights of rats. The organs were 

properly cleaned and weighed on electronic balance (Dyer et al., 2008). The results were 

expressed as organ to body weight ratios (g/100g of body weight). 

3.8.4. Serum lipid profile 

Serum lipid profile including cholesterol, high density lipoproteins, low density 

lipoproteins and triglycerides were measured according to their respective protocols. The 

detail of each is given below: 

3.8.4.1. Cholesterol 

Serum cholesterol level was determined using CHOD–PAP method following the 

protocol of Stockbridge et al. (1989). 

3.8.4.2. High density lipoprotein 

High density lipoprotein (HDL) in serum samples was measured by HDL Cholesterol 

Precipitant method as mentioned by Assmann (1979). 

3.8.4.3. Low density lipoprotein 

Serum samples were also analyzed for low density lipoproteins (LDL) following the 

procedure of McNamara et al. (1990). 

 

3.8.4.4. Triglycerides 

 Total triglycerides in all serum samples were determined by liquid triglycerides 

(GPO–PAP) method as outlined by Annoni et al. (1982). 
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3.8.5. Serum glucose and insulin levels  

In each study, rats serum samples were evaluated for glucose concentration by GOD-

PAP method as described by Thomas and Labor (1992) whereas insulin level was assessed 

following the method of Besch (1987).  

3.8.6. Antioxidant status    

Glutathione content was also estimated after eight weeks in rats by using the 

protocols of Beutler (1982). Indicator of lipid peroxidation was determined according to the 

prescribed method (Ohkawa et al., 1979) including thiobarbituric acid reactive species 

(TBARS).  

3.8.7. Liver function tests 

Liver function tests including aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase (ALP) and bilirubin total were assessed. 

Levels of AST and ALT were measured by the dinitrophenylhydrazene (DNPH) method 

using Sigma Kits 59-50 and 58-50, respectively and ALP by Alkaline Phosphates–DGKC 

method (Thomas, 1998; Moss and Henderson, 1999). Bilirubin total was determined by 

Jendrassik-Grof method (Tolman and Rej, 1999).  

3.8.8. Renal function tests 

The serum urea (GLDH-method) and creatinine (Jaffe-method) were determined 

using commercial kits (Jacobs et al., 1996; Thomas, 1998) to assess the renal functionality of 

different rats groups in each study. 

3.8.9. Serum proteins 

Serum total proteins, albumins, globulin and A/G ratio were estimated using 

respective kits of Sigma-Aldrich Chemicals Co. (Bradford, 1976).  

 

 

3.9. Statistical analysis 
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Completely Randomized Design (CRD) was applied and resultant data was 

subjected to statistical analysis using Cohort version 6.1 (Costat-2003). Analysis of variance 

technique (ANOVA) was used to determine the level of significance (Steel et al., 1997).  
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CHAPTER 4 

           RESULTS AND DISCUSSION 

Plants are the basic component of human diet, not only provide energy for metabolic 

functions but also used in diet based regimen to control various ailments. The increased 

awareness regarding phytochemicals has led to utilization of such components in functional 

foods/beverages to improve human health. Green tea is one of such plants with indications 

that it can alleviate various lifestyle-related disorders including obesity, 

hypercholesterolemia, hyperglycemia and hyperinsulinemia. In Pakistan, no authenticated 

research information is available regarding characterization and health benefits of locally 

grown green tea variety. For the purpose, green tea was subjected to compositional assay and 

functional drink preparation with subsequent efficacy trials in rodent modeling. The data was 

statistically analyzed to check the level of significance and results of investigated parameters 

are discussed herein: 

4.1. Characterization of green tea 

Proximate composition of green tea (dry weight basis) indicated that moisture, 

protein, fat, fiber, ash and NFE were 4.88±0.09, 18.06±1.06, 2.49±0.13, 15.35±1.05, 

5.60±0.21 and 53.68±1.75%, respectively (Table 4). The results are comparable with the 

previous findings of Chee and Juneja (1997), they reported that moisture, protein, lipid, 

sugars, fiber and ash contents in different green tea samples were 2.2-5.0, 18.2-30.7, 3.5-5.3, 

28.6-39.2, 10-19.5 and 5.4-7.4%, respectively. Likewise, Cabrera et al. (2006) observed that 

tea contained 15-20% protein and 5% minerals. Later, proximate composition of green tea 

was determined by Potawale et al. (2008), they narrated that fresh leaves have 17.2% protein, 

27.0% crude fiber, 2.0% ether extract and 5.6% ash. 

In green tea, total polyphenols contents (TPC) and alkaloids were also estimated (dry 

weight basis) and found to be 30.31±1.78 and 2.51±0.09%, respectively. Asghar and Masood 

(2008) documented similar results that total polyphenols contents in green tea were 

31.3±0.095%, however, Anesini et al. (2008) highlighted that TPC ranged from 14.32±0.45 

to 21.02±1.54%. Earlier, Gramza et al. (2006) explicated that polyphenol contents in green 

tea were 20.52%. Total alkaloids in green tea were tested by Chee and 
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Table 4.  Composition of green tea 

Proximate composition (%)    Quantity 

Moisture    4.88±0.09 

Crude protein    18.06±1.06 

Crude fat    2.49±0.13 

Crude fiber    15.35±1.05 

Ash    5.60±0.21 

NFE    53.68±1.75 

Total polyphenols (%)    30.31±1.78  

Total alkaloids (%)    2.51±0.09 

Values are expressed as means ± standard deviation 
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Juneja (1997) and stated its range from 1.9 to 3.5%. In a similar study, Friedman et al. (2006) 

estimated alkaloids in different green tea samples that varied from 0.6 to 28.6 mg/g. The 

compositional variations in green tea with special reference to proximate, total polyphenols 

and minerals were due to differences in variety, season, geographic origin, agronomic 

practices (soil, water, minerals, and fertilizers), age and position of leaf on harvested shoot.  

In the current study, minerals (Table 5) including sodium, potassium, calcium, 

manganese, iron and zinc in green tea were 7.55±0.14, 1703.13±51.50, 374.75±19.65, 

65.22±3.83, 20.53±0.76, and 3.06±0.12 mg/100g, respectively. The values are corroborated 

with the findings of Chee and Juneja (1997); Ca, Fe, Na and K in different green tea samples 

were in the range of 390-740, 10.4-38, 3-11 and 1900-2800 mg/100g, respectively. In another 

research experiment, minerals including Zn, Mn, Fe, Ca, Na and K in 21 green tea samples 

varied from 2.10-3.49, 66.07-159.54, 14.45-35.22, 361.81-547.50, 3.77-11.70 and 1190.05-

1699.41 mg/100g, respectively (Fernandez-Caceres et al., 2001). Mokgalaka et al. (2004) 

highlighted that Zn was in lesser amount (4.58±0.6 mg/100g) than Ca (317.0±18 mg/100g) 

and Mn (82.0±6 mg/100g) in green tea. Earlier, Cabrera et al. (2003) detected Mn from 23.66 

to 98.76 mg/100g in different green tea samples. However, findings of Costa et al. (2002) 

showed some variations with current study regarding Ca and Mn contents, they narrated that 

green tea possessed higher amount of Ca 802.22±255.9 mg/100g and lesser quantity of Mn 

178.23±130.1 mg/100g.  

4.2. Extraction and analysis of active ingredients 

Solvent extraction is a basic technique for the extraction of tea catechins influenced 

by many factors like quantity of tea sample, solvent, time, ratio of solvent to material and 

temperature. All these factors collectively affect the catechins extraction.  

Extraction yield of catechins was significantly affected by solvent, time and their 

interaction as indicated from mean squares presented in Table 6. Means for the effect of 

solvent revealed that the maximum catechins extraction yield (3.85±0.27 g/25g) was 

obtained with 50% ethanol followed by 50% methanol (3.12±0.25 g/25g) whilst minimum 

output (2.84±0.13 g/25g) was observed with water. Means for time showed that extraction at 

40 min resulted in the highest extraction yield (3.64±0.17 g/25g) 
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Table 5.  Mineral composition of green tea 

Minerals     (g/100g) 

Sodium     7.55±0.14 

Potassium    1703.13±51.50 

Calcium    374.75±19.65 

Manganese    65.22±3.83 

Iron    20.53±0.76 

Zinc     3.06±0.12 

Values are expressed as means ± standard deviation 

 

 

Table 6. Mean squares for extraction yield of catechins 

SOV df Catechins 

Solvent (A) 2 2.438** 

Time (B) 2 1.334** 

A x B 4 0.226** 

Error  18 0.024 

** = Highly significant 
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whereas lowest rate (2.84±0.15 g/25g) was recorded at 20 min. Interactive effect of solvents 

and time showed that maximum extraction 4.35±0.19 g/25g was achieved with ethanol at 40 

min whereas lowest yield was recorded with methanol at 20 min. Increasing the time from 20 

to 40 min enhanced the extraction efficiency in all solvents however, the effect was more 

pronounced in ethanol and methanol as compared to water (Table 7).   

The results are supported by the findings of Rusak et al. (2008) that aqueous ethanol 

is more effective than water for prolonged extraction of 30 min. Similarly, Friedman et al. 

(2006) described that aqueous ethanol resulted in better extraction of flavonoids than that of 

water. Previously, Wang and Helliwell (2001) explored that aqueous ethanol is superior as 

compared to aqueous methanol and acetone for the extraction of tea flavonoids. Afterwards, 

Druzynska et al. (2007) stated that aqueous ethanol (80%) resulted in better extraction of 

catechins than aqueous methanol (80%) however, some contradictions persisted regarding 

water extraction and time factor. They described that water results in higher extraction than 

aqueous ethanol (80%) and methanol (80%) moreover, 60 min extraction time is suitable at 

room temperature. The differences with present investigation might be due to variation in 

temperature and concentration of solvent, as temperature influences extraction and in present 

case probably 40oC enhanced extraction and brought about highest yield at 40 min. 

Extraction yield decreased at 60 min might be due to oxidation of catechins.  The major 

catechin fraction, EGCG was also extracted separately for its further use in the preparation of 

functional drink. Extraction yield of EGCG (Figure 3) was 788.5±13.26 mg/25g that is more 

than 400 mg/25g as obtained by Copeland et al. (1998). The variation in overall EGCG yield 

might be attributed to differences in variety, environmental and cultivation conditions. 

Mean squares in Table 8 indicated the amount of catechins in green tea i.e. EGC, 

EGCG, ECG and EC were significantly affected by solvent and extraction time. Standard 

chromatograms of EGC, EGCG, ECG and EC are shown in Figure 4. Means for the EGC 

(Table 9) explicated that its extraction was significantly influenced by both solvent and time, 

maximum EGC (37.86±2.70 mg/g) was extracted with (50%) ethanol followed by (50%) 

methanol (32.70±2.86 mg/g) whereas lowest amount (28.30±0.53 mg/g) was obtained with 

water.  Considering the time interval, 40 min resulted in highest extraction  
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Table 7.  Extraction yield of catechins (g/25g green tea) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 3.13±0.20d 4.35±0.19a 4.06±0.10b 3.85±0.27a 

Methanol 2.64±0.16e 3.47±0.15c 3.25±0.08cd 3.12±0.25b 

Water 2.76±0.04e 3.09±0.19d 2.67±0.04e 2.84±0.13c 

Means 2.84±0.15c 3.64±0.17a 3.33±0.29b  

Means carrying same letters do not differ significantly 

Ethanol = (50% ethanol + 50% water) 
Methanol = (50% methanol + 50% water) 
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Figure 3.  Extraction yield of EGCG (mg/25g green tea) 
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Table 8.  Mean squares for extraction of EGC, EGCG, ECG, EC 

SOV df EGC EGCG ECG EC 

Solvent  (A) 2 204.893** 713.583** 113.973** 3.203** 

Time (B) 2 101.223** 566.453** 116.163** 9.613** 

A x B 4 20.123** 114.188** 25.0083** 3.688** 

Error 18 2.485 7.158 0.932 0.049 

** Highly significant 

 

 

 

Table 9.  Extraction yield of EGC (mg/g of green tea) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 32.54±2.13c 41.27±1.88a 39.77±1.05a 37.86±2.70a 

Methanol 27.25±1.69d 36.92±1.69b 33.94±0.89c 32.70±2.86b 

Water 28.05±0.48d 29.33±1.92d 27.53±0.47d 28.30±0.53c 

Means 29.28±1.65c 35.84±2.49a 33.75±2.53b  

Means carrying same letters do not differ significantly 
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Figure 4.  Chromatograms of standards (EGC, EGCG, EC and ECG) 
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yield of 35.84±2.49 mg/g whilst lowest 29.28±1.65 mg/g was obtained at 20 min. Interactive 

effect of solvents and time showed that maximum extraction 41.27±1.88 mg/g was achieved 

with ethanol at 40 min whereas minimum output was recorded with methanol at 20 min. 

Increasing the time from 20 to 40 min enhanced the extraction yield in all solvents 

nevertheless effect was more pronounced in ethanol and methanol.   

The results of present research are in conformity with findings of Rusak et al. (2008), 

they ascribed that extraction of phenolics depends strongly on solvent and time, and highest 

value of EGC 68.7±0.4 mg/g was obtained at 30 min using 40% ethanol. Results of Liang et 

al. (2007) are also in accordance with present exploration as they evaluated highest EGC 

extractability (6.1 mg/g) by using 50% ethanol. Zuo et al. (2002) also supported the current 

data as amount of EGC in their HPLC analyzed green tea samples varied from 6.23 to 37.6 

mg/g. Druzynska et al. (2007) described that aqueous ethanol could give better extraction 

yield of catechins than aqueous methanol which is in harmony with instant investigation; 

higher EGC extracted with ethanol (50%) than methanol (50%) and water. 

Means for EGCG (Table 10) indicated that maximum value (66.71±4.70 mg/g) was 

observed with aqueous ethanol followed by aqueous methanol (51.53±3.98 mg/g) and water 

(51.04±2.10 mg/g). Time also affected extraction yield as the highest amount 63.15±4.94 

mg/g was obtained at 40 min followed by 60 min (58.47±3.88 mg/g) and 20 min (47.66±3.07 

mg/g). Interactive effect of solvent and time revealed that aqueous ethanol, aqueous methanol 

and water produced the maximum extraction yield at 40 min as 76.97±3.52, 57.33±2.62 and 

55.16±3.61 mg/g, respectively whereas 20 min extraction time resulted in minimum output 

51.63±3.38, 41.62±2.59 and 49.74±0.86 mg/g, respectively. 

The results are in agreement with the conclusions of Friedman et al. (2006), they 

elucidated that significant amount of flavonoids was extracted with aqueous ethanol than 

boiling water and EGCG in 24 analyzed green tea samples with aqueous ethanol and water 

varied from 7.0±0.4 to 63.0±5.1 and 2.2±0.1 to 53.6±1.7 mg/g, respectively. Likewise, 

Cabrera et al. (2003) described that amount of EGCG in six green tea samples ranged from 

73.3 to 103.5 mg/g. Lin et al. (2003) also detected that tea extracted with 



 67

 

 

 

 

Table 10. Extraction yield of EGCG (mg/g of green tea) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 51.63±3.38de 76.97±3.52a 71.54±1.89b 66.71±4.70a 

Methanol 41.62±2.59f 57.33±2.62c 55.65±1.47cd 51.53±3.98b 

Water 49.74±0.86e 55.16±3.61cd 48.23±0.83e 51.04±2.10b 

Means 47.66±3.07c 63.15±4.94a 58.47±3.88b   

Means carrying same letters do not differ significantly 
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75% ethanol gave higher amount of EGCG and catechins; quantity of EGCG in their samples 

extracted with 75% ethanol ranged from 14.90±2.55 to 47.34±4.35 mg/g. Afterwards, Liang 

et al. (2007) explicated that amount of EGCG extracted with 50% ethanol was 70.5 mg/g 

higher than water extracted amount of 55.8 mg/g tea. The present results depicted that EGCG 

fraction was higher in quantity than rest of catechins fractions and are supported with the 

findings of Zuo et al. (2002); Liang et al. (2007) and Rusak et al. (2008), they analyzed 

green tea samples through HPLC and observed higher EGCG quantity than other catechins. 

Means for extraction yield of ECG (Table 11) indicated that its highest amount 

(23.59±2.04 mg/g) was extracted with aqueous ethanol followed by aqueous methanol 

(20.55±1.94 mg/g) and water (16.26±0.84 mg/g). Among the three extraction times, 40 min 

resulted in the maximum extraction yield of ECG (22.98±1.75 mg/g), higher than extracted at 

60 (21.15±1.28 mg/g) and 20 min (16.26±0.38 mg/g). Interaction of solvent and time proved 

that ethanol at 40 min resulted in maximum extraction (27.37±1.25 mg/g). 

 The current results are in resemblance with the findings of Rusak et al. (2008); they 

prescribed that aqueous ethanol resulted in better extraction yield of catechins consequently 

higher amount of ECG can be extracted with ethanol than water. Friedman et al. (2005, 

2006) stated that amount of ECG in water extracted samples ranging from 1.2±0.16 to 

27.1±0.6 mg/g was less than ethanolic extracted samples 2.4±1.8 to 40.5±1.6 mg/g.  

Means in Table12 showed that EC was in lesser quantity than other catechins 

fractions however, maximum extraction yield 5.59±0.47 mg/g was obtained with 50% 

ethanol whereas minimum 4.55±0.36 mg/g with water. Extraction time of 40 min yielded the 

highest amount of EC (5.78±0.48 mg/g) followed by 60 (5.29±0.41 mg/g) and 20 min 

(3.72±0.26 mg/g). 

The present results are supported by the work of several research groups including 

Zuo et al. (2002); Lin et al. (2003) and Cabrera et al. (2003) that in green tea samples EC 

was comparatively less than other three catechins. Moreover, Zuo et al. (2002) and Lin et al. 

(2003) documented the range 1.26±0.24 to 7.27±0.47 and 6.60 to 10.3 mg/g, 



 69

 

 

Table 11. Extraction yield of ECG (mg/g of green tea) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 16.73±1.04de 27.37±1.25a 26.67±0.70a 23.59±2.04a 

Methanol 16.54±1.03de 23.65±1.08b 21.45±0.56c 20.55±1.94b 

Water 15.52±0.26e 17.93±1.17d 15.33±0.26e 16.26±0.84c 

Means 16.26±0.38c 22.98±1.75a 21.15±1.28b  

Means carrying same letters do not differ significantly 

 

 

Table 12. Extraction yield of EC (mg/g of green tea) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 3.27±0.21f 6.95±0.18a  6.57±0.29b  5.59±0.47a 

Methanol 4.64±0.08de 4.96±0.32d 4.36±0.06e 4.65±0.17b 

Water 3.26±0.20f 5.43±0.24c 4.96±0.13d 4.55±0.36b 

Means 3.72±0.26c 5.78±0.48a 5.29±0.41b  

Means carrying same letters do not differ significantly 
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respectively for EC in their HPLC analyzed green tea samples. Likewise, Cabrera et al. 

(2003) elucidated that EC varies from 8.1 to 21.2 mg/g of green tea. It has been observed that 

aqueous ethanol is a better solvent than that of aqueous methanol and acetone for the 

extraction of tea flavonoids (Wang and Helliwell, 2001). Similarly, Bastos et al. (2007) also 

narrated that highest phenolic contents are obtained from green tea using ethanol as solvent 

than water at 30 min duration (Rusak et al., 2008).  

4.3. In vitro studies 

Green tea provides protection against free radicals and its catechins possess two times 

more antioxidant activity than α–tocopherols. Mean squares showing the effect of solvents, 

time and their interaction on DPPH assay, antioxidant activity and glucose diffusion are 

given in Table 13. The results elucidated that solvent and time have significant effect on 

DPPH assay and antioxidant activity whereas non-significant differences were observed for 

glucose diffusion. The interaction of these parameters also indicated non-momentous effect.  

Means for DPPH radical scavenging activity explicated that the highest radical 

scavenging activity 76.36±2.40% was noted in ethanolic extract followed by methanol 

(72.22±1.81%) and water extract (69.29±1.98%). Time also influenced DPPH scavenging 

ability and the maximum activity 76.56±2.33% was recorded at 40 min whereas the 

minimum value 69.00±1.90% at 20 min (Table 14).  

The existing results for DPPH assay are in-line with the findings of Bastos et al. 

(2007), they stated that ethanolic extract of green tea showed higher DPPH radical 

scavenging activity (92.20±0.52%) than water extract (88.36±0.76%). In a similar modeling, 

Druzynska et al. (2007) elucidated that aqueous ethanolic extract showed better DPPH 

radical inhibition (46.6%) as compared to water extract (41.1%). Earlier, Gramza et al. 

(2005) observed better antiradical activity of ethanolic extract of green tea than water extract. 

According to Aoshima et al. (2007) and Yoo et al. (2008), green tea DPPH radical inhibition 

activity is 73.1±0.4 and 84.0±1.3%, respectively. Druzynska et al. (2007) stated that DPPH 

activity is not only dependent on solvent used for extraction but also on time, that’s why 

highest DPPH scavenging ability was observed in extracts  
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Table 13. Mean squares for DPPH assay, antioxidant activity and glucose diffusion 

SOV df DPPH assay Antioxidant activity Glucose diffusion 

Solvent (A) 2 113.352* 11.634** 1.487NS 

Time  (B) 2 128.819** 60.052** 0.138NS 

A x B 4 1.550NS 3.059NS 0.591NS 

Error 18 11.141 7.6845518 18.771 

* = Significant 
**= Highly significant 
NS= Non significant 
 

 

Table 14.  Effect of treatments on DPPH assay (%) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 72.34±4.74 80.65±3.69 76.68±2.02 76.36±2.40a 

Methanol 69.72±4.35 75.79±3.47 71.43±1.89 72.22±1.81b 

Water 65.83±1.14 72.64±4.76 68.56±1.18 69.29±1.98b 

Means 69.00±1.90b 76.56±2.33a 72.31±2.38b  
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obtained at optimum time of 40 min. According to Nanjo et al. (1999), among four major 

catechins, epigallocatechin gallate (EGCG) is the most effective scavenger of 

superoxideanion, hydroxyl radical and 1, 1-diphenyl-2-picrylhydrazyl radical and thus has 

highest scavenging ability. In the instant study, this may be a sound reason that ethanolic 

extracts possessed better activity because of high EGCG concentration.  

Means for the effect of solvent and time on the antioxidant activity are presented in 

Table 15. Ethanolic extract exhibited highest activity (64.37±2.29%) than 50% methanol 

(60.15±2.39) and water extracts (57.21±1.64%). However, 40 min time resulted in better 

antioxidant activity 63.23±1.69% followed by 60 and 20 min that were 60.44±1.87 and 

58.07±0.99%, respectively. The results are supported by the work of Gramza et al. (2005) 

and Bastos et al. (2007), they noted better antiradical activity of green tea ethanolic extract 

than water extract. Presence of high EGCG contents in ethanolic extracts certainly was a 

considerable factor for their better antiradical activity because among four major catechins, 

EGCG has highest scavenging ability (Meterc et al., 2008). 

Means for the effect of solvent, time and interaction indicated (Table 16) non- 

significant differences on glucose diffusion. Means for glucose diffusion regarding three 

solvents i.e. ethanol (50%), methanol (50%) and water were 95.53±0.22, 94.71±0.34 and 

95.12±0.36%, correspondingly. Means related to time factor were 95.09±0.11, 95.01±0.27 

and 95.29±0.24% at 20, 40 and 60 min, respectively. The results are in accordance with the 

work of Buyukbalci and El (2008). They also accomplished non- inhibitory effect of green 

tea on glucose movement across membrane.  

Figure 5 depicted the effect of EGCG on DPPH inhibition, antioxidant activity and 

glucose diffusion that was 92.35±2.27, 81.74±3.67 and 96.34±2.56%, respectively. Yin et al. 

(2008) explicated that EGCG is an effective antioxidant even twenty-five times stronger than 

vitamin E and hundred times than that of vitamin C (Kang et al., 2000). The antioxidant 

activity of various catechins fractions increases in the following order: EC < ECG < EGC < 

EGCG (Meterc et al., 2008). Results for DPPH inhibition by EGCG are supported by the 

investigation of Nanjo et al. (1999), they observed that among four major catechins, 

epigallocatechin gallate is the most effective scavenger of DPPH radical. 
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Table 15. Effect of treatments on antioxidant activity (%)  

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 59.19±3.88 67.12±3.08 63.37±1.68 64.37±2.29a 

Methanol 56.41±3.52 64.69±2.96 60.22±1.59 60.15±2.39b 

Water 56.02±0.97 61.31±4.02 56.88±0.98 57.21±1.64c 

Means 58.07±0.99b 63.23±1.69a 60.44±1.87b  

 

 

 

Table 16. Effect of treatments on glucose diffusion (%) 

 

Solvents 

 

Extraction time 
Means 

20 Min 40 Min 60 Min 

Ethanol 95.37±6.25 95.25±4.36 94.66±2.50 95.53±0.22 

Methanol 95.47±5.96 94.34±4.32 95.23±2.52 94.71±0.34 

Water 95.74±1.65 94.55±6.20 95.48±1.65 95.12±0.36 

Means 95.09±0.11 95.01±0.27 95.29±0.24   
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Figure 5. Effect of EGCG on DPPH inhibition, antioxidant activity and glucose 

diffusion 
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Later, Meterc et al. (2008) explored highest scavenging ability in EGCG. In an earlier study, 

Nanjo et al. (1996) described that DPPH radical scavenging ability of green tea is due to 

galloyl moiety attached to the falvanol at 3-position along with ortho-trihydroxyl group in B 

ring. Therefore, EGCG has highest scavenging activity because of both trihydroxyl groups at 

carbons 3', 4', and 5' on the B-ring and a gallate moiety esterified at carbon 3' on the C-ring 

(Yilmaz, 2006). High antioxidant activity (81.74±3.67%) of EGCG could be explained by the 

findings of Meterc et al. (2008), they noted the highest scavenging activity in EGCG among 

catechins thereby showed high antioxidant activity in β-carotene method. Glucose diffusion 

value for EGCG showed non-momentous effect on glucose flow. Results are in conformity 

with research of Buyukbalci and El (2008), they observed non-inhibitory effect of green tea 

on glucose movement across the membrane.  

Conclusively, green tea is a good source of catechins including EGC, ECG, EGCG 

and EC. Among catechins, EGCG is present in the highest amount whereas EC in minimum 

quantity. Aqueous ethanol performs better than methanol and water for catechins extraction 

and regarding time, 40 min extraction gives better yield than 20 and 60 min. All the catechins 

possess antioxidant activity but EGCG showed better performance than remaining fractions. 

These encompass ability to offer protection against free radicals, thus can be used as 

functional ingredient in diet base therapy to combat various lifestyle-related disorders.  

4.4. Product development 

Product color is one of important indicators reflecting the extent of consumer 

acceptance. The color measurement is mainly performed with CIELAB color system and its 

attributes are L*, a* and b* where L* is the indicator of lightness–darkness, a* indicates 

greenish to reddish tonality, whereas b* represents bluish to yellowish tonality. 

Means squares for the color of functional drinks (Green Cool) indicated non-

substantial effect of treatments, storage and their interaction on L*, b*, chroma and hue angle 

except for a* value that showed significant differences (Table 17).  
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Table 17. Means squares for color tonality of functional drinks 

SOV df L*  value a* value b* value Chroma Hue angle 

Drink (A) 2 0.1787NS 3.954** 33.864NS 33.851NS 7.950NS 

Storage Days 

(B) 
4 29.203NS 0.0729** 1.596NS 1.593NS 1.690NS 

AxB 8 0.229NS 0.0080** 1.258NS 1.260NS 1.920NS 

Error 30 18.863 0.0011 34.762 34.764 0.0047 

**= Highly significant 

 NS= Non-significant 
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Means regarding L* values of treatments are presented in Table 18. The L* values for drinks 

T0 (control), T1 (drink containing catechins) and T2 (drink containing EGCG) were 

97.41±0.72, 97.61±0.79 and 97.45±0.81, respectively. Two months storage resulted in non-

substantial decrease in L* value from 99.9±0.17 to 95.1±0.35. Addition of catechins resulted 

in marked increase in a* value of drinks (Table 19) from -0.13±0.011 in T0 (control) to -

0.60±0.014 in T1 containing catechins and -1.15±0.10 in T2 containing EGCG. During 

storage, values for a* decreased from -0.73±0.06 at 0 day to -0.53±0.04 at the termination of 

study. Interactive effect of treatment and storage revealed that highest a* value was recorded 

in T2 (-1.33±0.058) at beginning that decreased to -1.02±0.018 at end of storage however, 

values were -0.66±0.043 and -0.22±0.014 in T1 and T0 at initiation of study that decreased to 

-0.54±0.014 and -0.04±0.002, respectively at end of storage. It is evident from the Table 20 

that b* value increased non-significantly as function of active ingredients; 135.44±0.45 was 

recorded in T1 followed by T2 (133.09±0.49) and T0 (132.63±0.26), respectively. During 

storage gradual increase in b* value was recorded though the changes were non-significant. 

Means in Table 21 showed that addition of catechins in T1 and EGCG in T2 drinks resulted in 

non-significant variations in chroma value i.e. 135.44±0.45 and 133.10±0.49, respectively 

however, for T0 it was 132.64±0.26. Storage of drinks also led to non-momentous variations 

for this trait. Likewise, means for hue angle showed that addition of catechins and EGCG did 

not affect this character significantly that were -1.57±0.001, -1.57±0.001 and -1.55±0.001 for 

T0, T1 and T2, respectively (Table 22).  

Lu et al. (2010) revealed decrease in L* and b* values for crust and crumb but 

increase in a* value for crumb when they substituted green tea powder in sponge cake which 

indicated that added powder resulted in darker color. The variations in color parameters with 

the current exploration may be due to the fact that they used green tea powder having 

coloring matter which imparted darker color to cake moreover, oxidation of polyphenols also 

participated in darker look. In another study, Martin-Diana et al. (2008) monitored color 

changes of stored lettuce after application of green tea extract as preservative. They found 

decreased L* and increased a* values showing brown appearance and shift in color tint from 

greenness to redness. The work of Mollov et al. (2007) supported the present findings as they 

reported decrease in L* value of beverage  

Table 18. Effect of treatments and storage on L* value of functional drink 
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Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 99.48±6.523 99.99±6.557 99.99±4.358 99.9±0.17 

15 98.43±6.147 98.64±2.610 98.61±5.998 98.6±0.07 

30 97.07±1.681 97.21±2.572 97.33±4.243 97.2±0.07 

45 96.74±4.433 96.83±1.677 96.81±4.436 96.8±0.03 

60 95.32±4.368 95.40±2.524 96.43±1.670 95.1±0.35 

Means 97.41±0.72 97.61±0.79 97.45±0.81  

 
T0 = Control drink (without active ingredients) 
T1 = Drink containing catechins 
T2=Drink containing EGCG 

 

Table 19. Effect of treatments and storage on a* value of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 -0.22±0.014c -0.66±0.043f -1.33±0.058j -0.73±0.06d 

15 -0.19±0.012c -0.63±0.017f -1.27±0.077i -0.70±0.04c 

30 -0.12±0.002b -0.61±0.016ef -1.15±0.050h -0.63±0.05b 

45 -0.07±0.003ab -0.57±0.010de -1.02±0.047g -0.55±0.03a 

60 -0.04±0.002a -0.54±0.014d -1.02±0.018g -0.53±0.04a 

Means  -0.13±0.011a -0.60±0.014b -1.15±0.10c  

Means carrying same letters do not differ significantly 
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Table 20. Effect of treatments and storage on b* value of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 131.97±8.65 134.83±8.84 132.96±5.79 133.25±0.84 

15 132.25±8.25 134.97±3.57 133.13±8.09 133.45±0.80 

30 132.49±2.29 135.52±3.58 133.63±5.82 133.88±0.89 

45 133.15±6.10 135.86±2.35 134.03±6.14 134.34±0.80 

60 133.33±6.11 136.02±3.59 134.43±2.32 133.70±0.78 

Means 132.63±0.26 135.44±0.45 133.09±0.49  

 
T0 = Control (drink without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
 
 
Table 21. Effect of treatments and storage on chroma of functional drinks 
 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 131.97±8.65 134.83±8.84 132.97±5.79 133.26±0.84 

15 132.25±8.25 134.97±3.57 133.14±8.09 133.45±0.80 

30 132.49±2.29 135.52±3.58 133.63±5.82 133.88±0.89 

45 133.15±6.10 135.86±2.35 134.03±6.14 134.35±0.80 

60 133.33±6.11 136.02±3.59 134.43±2.32 133.70±0.79 

Means 132.64±0.26 135.44±0.45 133.10±0.49  
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Table 22.  Effect of treatments and storage on hue angle of functional drinks 
 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 -1.57±0.103 -1.57±0.073 -1.56±0.068 -1.56±0.002 

15 -1.57±0.098 -1.57±0.041 -1.56±0.095 -1.56±0.002 

30 -1.57±0.027 -1.57±0.041 -1.56±0.068 -1.56±0.002 

45 -1.57±0.072 -1.57±0.027 -1.56±0.072 -1.56±0.002 

60 -1.57±0.072 -1.57±0.041 -1.56±0.027 -1.55±0.002 

Means -1.57±0.001 -1.57±0.001 -1.55±0.001  

 
T0 = Control (drink without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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 containing polyphenols, before heating it was 84.1 that reduced to 82.0 after heating for 4 

hours. The decline in L* value showed decrease in lightness of beverage after heating 

whereas chroma and hue angle increased after heating from 27.1 to 29.3 and 40.4 to 

57.6,respectively showing more yellow color tonality. Duangmal et al. (2008) used freeze 

dried powder of roselle anthocyanins with added stabilizer (maltodextrin or trehalose) and 

stored at 30oC for 15 weeks to check color changes. They reported minor changes in 

lightness and hue angle indicating that all samples were in same dark red shade throughout 

storage.  

Mean squares for TSS, pH and acidity depicted non-significant differences due to 

treatment and interaction however, storage period showed significant effect on pH and 

acidity with non-momentous effect on TSS (Table 23). Brix for three functional drinks T0, T1 

and T2 was 1.71±0.008, 1.73±0.005 and 1.72±0.008, respectively. Storage did not affect the 

TSS substantially and at 0 day value for brix was 1.71±0.005 whilst at 60th day it 

was1.73±0.004 (Table 24). King et al. (2007) observed Brix value 1.4 for commercial apple 

diet drink containing artificial sweetener. Research work of González-Molina et al. (2009) 

supported the instant findings as they recorded non-significant changes in total soluble solids 

of apple and pomegranate juices and their mixtures during 70 days storage.  

Drinks T1, T2 and T0 had pH value 4.41±0.062, 4.39±0.061 and 4.46±0.07, 

respectively. Storage period of 60 days effected pH substantially as there was momentous 

decrease in the pH of drinks. During two months, pH decreased from 4.64±0.024 to 

4.23±0.027 (Table 25). Likewise, values for acidity in different treatments affected non- 

significantly and were 0.172±0.01, 0.170±0.01 and 0.178±0.01 for T0, T1 and T2, 

respectively. However, acidity increased significantly as function of storage. At 0 day, it was 

0.14±0.003 that increased to 0.21±0.006 at 60 days (Table 26). During storage, decreased pH 

and increased acidity might be attributed to break down of citric acid in the prepared drinks. 

Moreover, acidic nature of aspartame may be contributed to increased acidity (Ahmed et al., 

2008). 

The present results are in harmony with work of Cortes et al. (2005), they observed 

decreasing trend in pH of horchata (Spanish vegetable beverage) during refrigerated storage.  
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Table 23. Mean squares for pH and acidity of functional drinks 

SOV df TSS pH Acidity 

Treatments (A) 2 1.366 NS 0.021NS 2.482NS 

Days (B) 4 4.257 NS 0.242** 0.006** 

AxB 8 3.932 NS 3.801NS 6.146NS 

Error 30 0.0089 0.059 9.011 

 ** = Highly significant 
 NS = Non significant 
 
 
 
 

 

Table 24.  Effect of treatments and storage on total soluble solids of drinks 

Storage 

intervals 

(days) 

Treatments  

Means T0 T1 T2 

0 1.70±0.111 1.72±0.082 1.71±0.111 1.71±0.005 

15 1.71±0.107 1.72±0.099 1.71±0.096 1.71±0.004 

30 1.71±0.104 1.73±0.104 1.72±0.083 1.72±0.005 

45 1.72±0.075 1.74±0.089 1.73±0.070 1.73±0.005 

60 1.72±0.079 1.74±0.074 1.73±0.113 1.73±0.004 

Means 1.71±0.008 1.73±0.005 1.72±0.008  

 
T0 = Control (drink without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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Table 25. Effect of treatments and storage on pH of functional drinks 

Storage 

intervals 

(days) 

Treatments  

Means T0 T1 T2 

0 4.69±0.31 4.63±0.22 4.61±0.30 4.64±0.024a 

15 4.54±0.28 4.52±0.26 4.49±0.25 4.52±0.015ab 

30 4.42±0.27 4.38±0.27 4.36±0.21 4.39±0.018bc 

45 4.37±0.19 4.31±0.22 4.28±0.17 4.32±0.026bc 

60 4.28±0.20 4.21±0.18 4.19±0.27 4.23±0.027c 

Means 4.46±0.07 4.41±0.062 4.39±0.061  

 
 
 

Table 26. Effect of treatments and storage on acidity of functional drinks 

Storage 

intervals 

(days) 

Treatments  

Means 
T0 T1 T2 

0 0.14±0.009 0.14±0.007 0.15±0.009 0.14±0.003e 

15 0.15±0.009 0.15±0.009 0.16±0.010 0.15±0.003d 

30 0.17±0.010 0.18±0.011 0.19±0.009 0.18±0.006c 

45 0.19±0.008 0.18±0.009 0.21±0.009 0.19±0.009b 

60 0.19±0.009 0.20±0.009 0.21±0.014 0.21±0.006a 

Means 0.172±0.01 0.170±0.01 0.178±0.01  

 
T0 = Control (drink without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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In contrary, Alighourchi and Barzegar (2009) noted increase in pH and decrease in acidity of 

stored pomegranate juice. In another study, Faccin et al. (2009) measured pH and acidity 

changes during refrigerated storage of strawberry and cocoa flavored beverages. They 

recorded small variations in these parameters during 20 days. Findings of Fasoyiro et al. 

(2005) are also in conformity with the present investigation as they prepared three drinks 

(roselle-apple drink, roselle-orange drink and roselle-pineapple drink) and observed decrease 

in pH and increase in acidity during refrigerated storage. Likewise, Ahmed et al. (2008) also 

documented a decreasing trend in pH and increasing tendency in acidity of mandarin drink 

during 60 days storage. Earlier, Akubor (2003), observed decrease in pH from 6.18 to 2.82 

and increase in acidity from 0.1 to 0.6% of melon-banana beverage during 50 days storage. 

In a study, Esteve et al. (2005) described significant increase in acidity of stored orange 

juice. Potter et al. (2007) prepared four beverages from two sources of soy protein (soy 

protein isolate and soy milk powder) using two different flavors; beverages pH values were 

below 4.0 however, non-significant variations were recorded during four weeks. Lately, 

González-Molina et al. (2009) prepared polyphenols rich beverage using lemon and 

pomegranate juices in different proportions. They documented a similar trend in pH and 

acidity as in the present case however, the differences were non-significant.  

4.4.1. Sensory evaluation  

Sensory assessment of a product correlates with consumer approach, believes and 

awareness. Product development requires an efficient hedonic evaluation for documentation 

and interpretation of sensory results perceived by the trained panelists. Drinks were evaluated 

on the basis of 9-point hedonic scale for various quality attributes like color, flavor, 

sweetness, sourness and overall acceptability. 

Means squares for sensory evaluation showed non-significant differences due to 

treatments, storage and their interaction except for sweetness (Table 27). Means for color 

presented in Table 28 indicated that score varied from 7.39±0.10 (T2) to 7.64±0.09 (T1) 

though differences were non-significant. Storage resulted in slight decrease in color score of 

drinks. Means showed that score at initiation of study was 7.71±0.05 that decreased non-

momentously to 7.26±0.14 during 2 months. It is obvious from statistical analysis 
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Table 27. Mean squares for sensory evaluation of functional drinks 

SOV df Color Flavor Sweetness Sourness 
Overall 

acceptability 

Drink (A)  2 0.263
NS

 0.076
NS

 0.66* 0.093
 NS

 0.15
 NS

 

Days  (B) 4 0.290
NS

 0.229
NS

 0.53* 0.341
 NS

 0.41
 NS

 

A x B 8 0.024
NS

 0.0036
NS

 0.02
 NS

 0.011
 NS

 0.01
 NS

 

Error  30 0.171 0.173 0.16 0.167 0.17 

*  = Significant 

NS = Non significant 
 
 
 

Table 28.  Effect of treatments and storage on color of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 7.62±0.50 7.80±0.38 7.70±0.50 7.71±0.05 

15 7.51±0.47 7.78±0.45 7.59±0.43 7.63±0.08 

30 7.46±0.45 7.62±0.46 7.42±0.36 7.50±0.06 

45 7.38±0.32 7.53±0.39 7.23±0.30 7.38±0.09 

60 7.29±0.33 7.49±0.32 7.01±0.46 7.26±0.14 

Means 7.45±0.06 7.64±0.09 7.39±0.10  

 
T0 = Control (drink without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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 (Table 29) that treatment and storage did not affect the flavor of drinks significantly 

however, decreasing trend for this trait was recorded with increasing storage. Means 

illustrated in Table 30 explicated that there existed significant differences due to treatment 

and storage on the sweetness of functional drinks. Maximum score for sweetness was 

assigned to T0 (7.40±0.12) followed by T1 (7.04±0.08) and T2 (7.02±0.05). Likewise, storage 

also led to decrease in sweetness score from 7.46±0.16 to 6.84±0.13. Sourness scores 

revealed that neither treatment nor storage affected this attribute significantly (Table 31). 

However, slight decreasing trend in sourness was noted with passage of time. Means for 

overall acceptability (Table 32) explicated non-significant behavior as feature of treatment 

and storage. Overall acceptability scores for T0, T1 or T2 were 7.61±0.10, 7.51±0.09 and 

7.41±0.09, respectively. During two months, overall acceptability decreased non-

momentously from 7.77±0.09 to 7.22±0.04. 

The results of current investigation regarding sensory evaluation of functional drinks 

are further assured by the work of Lu et al. (2010), they prepared sponge cake in which green 

tea was substituted (10, 20 and 30%) with flour and observed non-significant differences in 

crust & crumb color, sweetness, flavor, texture and overall liking scores among control and 

green tea substituted cakes (10 and 20%). Sensory results were in range of 5.6-6.0 indicated 

their acceptability. However, the liking score of cake in which green tea was substituted up to 

30% was lower than other cakes and was slightly bitter in taste. Hirokawa and Yamazawa 

(2008) performed sensory rating of japanese green tea, chinese bitter tea and chinese sweet 

tea through gender (masculine and feminine) and noted better ranking for japanese green tea 

and chinese sweet tea than chinese bitter tea for fragrance, sweetness and pleasantness.  

In the present research, addition of catechins and EGCG for the preparation of 

functional drinks did not impart any adverse effect on hedonic response. The added food 

grade color to the functional drinks mask the tint of active ingredients, thereby no unpleasant 

response was recorded by the panelist. During sensory evaluation only mild decrease in 

sweetness was noted however, the values were within acceptable limit during storage. Owing 

to the results of hedonic response, the prepared functional drinks were quite comparable with 

control thus suitable for further use in efficacy trials.  
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Table 29. Effect of treatments and storage on flavor of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 7.80±0.51 7.65±0.37 7.70±0.50 7.72±0.044 

15 7.75±0.48 7.59±0.44 7.64±0.43 7.66±0.047 

30 7.58±0.46 7.42±0.45 7.57±0.36 7.52±0.052 

45 7.45±0.32 7.33±0.38 7.49±0.31 7.42±0.048 

60 7.39±0.34 7.28±0.32 7.33±0.48 7.33±0.032 

Means 7.59±0.08 7.45±0.06 7.55±0.05  

 
 
 
 

Table 30.  Effect of treatment and storage on sweetness of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 7.78±0.51 7.35±0.35 7.24±0.47 7.46±0.16a 

15 7.54±0.47 7.22±0.42 7.13±0.40 7.30±0.12ab 

30 7.36±0.45 7.15±0.43 7.05±0.34 7.19±0.09abc 

45 7.22±0.31 6.85±0.36 6.90±0.28 6.99±0.11bc 

60 7.08±0.32 6.65±0.29 6.80±0.44 6.84±0.13c 

Means 7.40±0.12a 7.04±0.08b 7.02±0.05b  

 
T0 = Control drink (without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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Table 31.  Effect of treatments and storage on sourness of functional drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 7.70±0.50 7.57±0.36 7.68±0.50 7.65±0.04 

15 7.63±0.48 7.42±0.43 7.56±0.42 7.54±0.06 

30 7.40±0.45 7.34±0.45 7.44±0.36 7.39±0.03 

45 7.39±0.32 7.14±0.37 7.37±0.30 7.30±0.08 

60 7.25±0.33 7.13±0.31 7.08±0.46 7.15±0.05 

Means 7.47±0.08 7.32±0.07 7.42±0.05  

 
 
 

Table 32.  Effect of treatments and storage on overall acceptability of drinks 

Storage 

intervals 

(days) 

Treatments 
Means 

T0 T1 T2 

0 7.90±0.52 7.80±0.38 7.60±0.50 7.77±0.09 

15 7.70±0.48 7.63±0.44 7.42±0.42 7.60±0.08 

30 7.70±0.47 7.56±0.46 7.54±0.36 7.58±0.05 

45 7.45±0.32 7.34±0.38 7.33±0.30 7.37±0.04 

60 7.30±0.33 7.20±0.31 7.15±0.47 7.22±0.04 

Means 7.61±0.10 7.51±0.09 7.41±0.09  

 
T0 = Control drink (without active ingredients) 
T1 = Drink containing catechins 
T2 = Drink containing EGCG 
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4.5. Efficacy studies 

Efficacy trials were conducted to illuminate the functional/nutraceutical potential of 

green tea catechins and EGCG against lifestyle-related disorders in Sprague Dawley rats 

modeling. Experimental trials were carried out in rodents rather than humans due to ease in 

handling, organized supervision, controlled diet and environmental conditions. Safety 

concern of the product was also one of the considerable reasons to conduct this study in 

rodents. Additionally, it is hard to find out volunteers who could restrict themselves on 

specific diet. Efficacy study comprised of four modules on the basis of different diets i.e. 

study I (normal diet), study II (high cholesterol diet), study III (high sucrose diet) and study 

IV (high cholesterol+high sucrose diet). In each study the respective diet was given to the rat 

groups with concurrent provision of functional drinks (T0, T 1 and T2). Initially some rats 

were sacrified to attain baseline values while rest after 8 weeks study period. Feed & drink 

intake were measured on daily whereas body weight on weekly basis. Role of green tea 

catechins and EGCG against obesity, high cholesterol, high glucose, high insulin and 

oxidative stress was observed. Likewise, some serological characteristics were also 

determined. However, results of the investigated parameters in all studies were interpreted 

collectively for better understanding of concern. 

4.5.1. Feed intake 

Mean squares pertaining to feed intake showed significant differences as function of 

treatment and study weeks (Table 33). Means regarding feed intake in all studies (Figure 6) 

indicated that in study I (normal diet) maximum intake (23.96±2.70 g/rat/day) was recorded 

in T0 group (control drink) whilst minimum (22.97±2.58 g/rat/day) in T1 group (drink 

containing catechins). Feed intake also increased as function of time and at 1st week it was 

20.04±0.02, 19.88±0.04 and 19.85±0.06 g/rat/day in T0, T1 and T2 groups that subsequently 

increased to 27.27±0.05, 25.76±0.07 and 23.01±0.03 g/rat/day, respectively at 8th week. 

Similarly, in Study II (high cholesterol diet), overall means showed that T0 resulted in highest 

(22.75±2.12 g/rat/day) feed consumption followed by T2 (22.15±1.41 g/rat/day) and T1 

(21.93±1.46 g/rat/day). Increasing time favored feed consumption as it was 19.90±0.06 

g/rat/day in T0 at 1st week that up lifted to 25.06±0.03 g/rat/day at final week. Similarly, in T1 

and T2 food consumption increased from 



 91

 

 

 

 

Table 33. Effect of treatments and study weeks on feed intake (g/rat/day)  

 

 
 

SOV 
 
 

 
 

df 

 
(Study I) 

Normal diet 

 
(Study II) 

High Cholesterol 
diet 

 
(Study III) 

High Sucrose 
diet 

 
(Study IV) 

High Cholesterol 
+ 

High Sucrose diet 

Treatments 2 2.486** 1.461* 2.064** 5.373* 

Weeks 7 19.392** 8.238** 11.025** 9.772** 

Error 16 0.212 0.243 0.119 0.833 

* = Significant 
** = Highly significant 
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Figure 6. Feed intake in different studies (g/rat/day) 
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20.11±0.08 and 20.16±0.05 g/rat/day (1st week) to 21.93±0.04 and 22.15±0.05 g/rat/day (8th 

week), respectively. Likewise, in study III (high sucrose diet), T0 indicated feed intake of 

22.99±2.07 g/rat/day higher than that of T1 (21.99±1.84 g/rat/day) and T2 (22.64±1.89 

g/rat/day).  Time also played a decisive role in enhancing feed intake; at the beginning it was 

20.05, 20.12 and 20.17 g/rat/day in T0, T1 and T2 that increased to 22.99, 21.99 and 22.64, 

respectively at the end of study. In study IV (high cholesterol+high sucrose diet), overall 

mean values for feed intake were 23.53±2.31, 21.89±1.68 and 22.80±1.80 g/rat/day in T0, T1 

and T2, respectively. In all studies, there was a progressive increase in feed intake with 

passage of time however, the differences were more pronounced in group relying on the 

control drink (without active ingredients).  

In present exploration, less feed consumption due to functional drinks containing 

catechins (T1) or EGCG (T2) is supported by the work of Lee et al. (2008); they illustrated 

reduction in feed ingestion after administration of catechins and EGCG rich beverage to 

Sprague Dawley rats. Similarly, Yang et al. (2001); Kaboyashi et al. (2005) and Babu et al. 

(2006) documented decreased feed intake in rat modeling with green tea catechins. 

Moreover, Sayama et al. (2000) also reported suppression of feed intake by green tea in 

mice. The work of Kao et al. (2000) affirmed the instant results for decreased feed intake by 

EGCG group as compared to control group; they observed reduction in feed intake after the 

administration of this bioactive ingredient.  

4.5.2. Drink intake 

Mean squares for drink intake (Table 34) were affected significantly due to study 

intervals with a non-significant behavior of treatments. Means belonging to drink intake of 

rats (Figure 7) in study I, showed that at 1st week it was 25.28±0.54, 25.02±1.03 and 

25.18±0.72 mL/rat/day in T0, T1 and T2 groups that increased to 29.41±1.31, 29.76±1.71 and 

29.16±1.33 mL/rat/day, correspondingly at 8th week. However, in study II, drink intake in T0, 

T1 and T2 were 29.60±1.04, 29.97±1.38 and 30.20±1.42 mL/rat/day, respectively at the end 

of trial. Rats provided with high sucrose diet (Study III), showed drink consumption 

27.18±1.74, 27.43±0.95 and 27.08±0.43 mL/rat/day in T0, T1 and T2 groups at the onset of 

study that raised to 30.43±1.16, 32.42±1.64 and 31.68±1.45 mL/rat/day, respectively at the 

termination of efficacy trial. Similar increasing trend was 
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Table 34. Effect of treatments and study weeks on drink intake (mL/rat/day)  

 
 

SOV 

 
 
df 

 
 

Normal diet 

 
High 

Cholesterol 
diet 

 
High 

Sucrose 
diet 

 
High 

Cholesterol+High 
Sucrose diet 

Treatments 2 0.0591
 NS

 0.267
 NS

 0.212
 NS

 0.228
 NS

 

Weeks    7 5.966** 4.815** 5.790** 5.337** 

Error 16 0.244 0.112 0.196 0.1007 

**= Highly significant 
NS= Non-significant 
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Figure 7. Drink intake in different studies (mL/rat /day) 
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recorded for study IV; at 8th week the values for drink consumption were 29.73±1.16, 

30.14±1.48 and 30.14±1.40 mL/rat/day in T0, T1 and T2 groups, respectively. 

Collectively, there was an increase in drink consumption during the entire trial with non-

significant differences among the treatments thus showing suitability of the product. 

Yang et al. (2001) reported similar trend as they observed non-significant differences 

in fluid intake among the groups given green tea and control (without green tea). However, 

Lee et al. (2008) elucidated suppressed fluid intake in a group provided EGCG solution. The 

differences may be due to the fact that they used EGCG solution without addition of any 

additive. However, in the present case drinks were prepared by adding flavor and sweetener 

that may be a reason to improve its consumption.  

4.5.3. Body weight  

It is obvious from Table 35 that body weights of rats in different studies varied 

significantly as function of treatments and study weeks. Body weights of different groups of 

rats at the beginning of study I were 130.69±8.73, 134.09±10.84 and 129.23±6.50 g/rat in T0, 

T1 and T2 groups, respectively however, study period of 8 weeks resulted in increased body 

weight i.e. 239.40±16.00, 219.22±17.56 and 222.70±11.21 g/rat (Figure 8). It is obvious 

from the means that higher weight gain was recorded in T0 compared to T1 and T2. In study 

II, significant increase in weight was recorded in T0 from 163.23±13.74 g/rat at 1st week to 

271.38±22.85 g/rat at the end of study. Similar increasing trend was observed in T1 and T2 

but at slower rate and body weights were 151.62±11.21 and 155.55±14.10 g/rat that 

increased to 242.25±17.91 and 248.33±22.52 g/rat, respectively at the termination of study. 

High sucrose diet given to the rats in study III, participated significantly in increasing weight 

in all groups but like study II, effect was more prominent in T0 (262.74±14.18 g/rat) than T1 

(236.14±15.78 g/rat) and T2 (235.18±17.88 g/rat) groups. At initiation of efficacy trial, body 

weight of rats in study IV for T0, T1 and T2 groups were 149.80±4.42, 153.07±7.59 and 

151.08±6.39 g/rat, respectively. During 8 weeks, significant weight gain observed in 

treatments with more noticeable effect in T0 (279.45±8.24 g/rat) than that of T1 

(257.59±12.83 g/rat) and T2 (260.85±11.29 g/rat). Higher body weight is positively correlated 

with increased feed 
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Table 35. Effect of treatments and study weeks on body weight (g/rat)  

 

**= Highly significant 

 

SOV 

 

df 

 

Normal diet 

High 

Cholesterol 

diet 

High 

Sucrose 

diet 

High Cholesterol  

+  

High Sucrose diet 

Treatment 2 128.517** 873.579** 480.927** 200.351** 

Weeks 8 3291.083** 5287.947** 4735.761** 7477.937** 

Error 16 31.593 15.641 40.929 32.076 
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Figure 8. Body weight in different studies (g/rat)  
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 intake. There has been observed high feed intake in control group thus gain more weight 

compared to other groups. 

  Means for final body weight at the end of study showed significant differences due to 

treatments (Table 36). Body weight at 8th week showed that T0 group (239.40±16.01 g/rat) 

gained more weight than T1 (219.22±17.56 g/rat) and T2 (222.70±11.21 g/rat) in study I. 

Similarly in study II, group T0 (271.38±22.85 g/rat) showed more weight gain followed by T1 

(242.25±17.91 g/rat) and T2 (248.33±22.52 g/rat). Body weight at last week in T0 

(262.74±14.18 g/rat) was comparatively higher than T1 (236.14±15.78 g/rat) and T2 

(235.18±17.88 g/rat) groups in study III. Accordingly in study IV, body weight of T1 and T2 

was 257.59±12.83 g/rat and 260.85±11.29 g/rat, respectively that differed significantly from 

T0 group (279.45±8.24 g/rat).  

Figure 9 further explicated the percent reductions in body weight of different rat 

groups as compared to control. In study I, drinks T1 and T2 caused 8.43 and 6.98% reduction 

as compared to control, respectively. Likewise in study II (high cholesterol diet), more 

decrease was observed in T1 (10.73%) as compared to T2 (8.49%) groups. However in study 

III, a declining tendency in body weight 10.12 and 10.49% was noted for T1 and T2 groups, 

respectively whereas in study IV, functional drinks T1 and T2 led to 7.82 and 6.66% decrease.  

Green tea has been reported for reduction in weight gain in rats (Choo, 2003; 

Hasegawa et al., 2003; Kuo et al., 2005) and mice (Meguro et al., 2001; Murase et al., 2002; 

Zheng et al., 2004; Wolfram et al., 2005). The current results showing reduced body weight 

gain in catechins or EGCG containing groups are consistent with the study of Lee et al. 

(2008), they reported that dietary supplementation with catechins or EGCG attenuated diet 

induced obesity and decreased body weight. Research investigation of Yang et al. (2001) 

strengthened the instant findings as they observed decreased weight gain in Sprague Dawley 

rats provided with high sucrose diet and green tea extract in drinking water. According to 

Matsuyama et al. (2008), catechins rich beverage ameliorates obesity risks without raising 

any safety concerns in Japanese children.  



 100

 

 

 

 

Table 36. Body weight at 8th week in different studies (g/rat) 

 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 239.40±16.01a 219.22±17.56b 222.70±11.21b 5.805** 

Study II 271.38±22.85a 242.25±17.91b 248.33±22.52b 5.245** 

Study III 262.74±14.18a 236.14±15.78b 235.18±17.88b 9.534** 

Study IV 279.45±8.24a 257.59±12.83b 260.85±11.29b 9.201** 

** = Highly significant 
 

Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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       Figure 9. Percent Reduction in body weight at 8th week as compared to control 
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There have been undeniable evidences that lipid catabolism in obese rodents is 

stimulated by tea components (Yang et al., 2001; Murase et al., 2002; Choo, 2003; 

Hasegawa et al., 2003). The changes in body weight with tea catechins might be ascribed to 

changes in body fat stores. In obese animals, weight and body fat reduction by green tea is 

due to an increase in energy expenditure and fat oxidation (Dulloo et al., 1999) through 

stimulation of brown adipose tissue thermogenesis (Dulloo et al., 2000).Likewise, Choo 

(2003) observed that green tea increased energy expenditure and suppressed body fat by 

reducing digestibility and increasing β-adrenoceptor activated thermogenesis in adipose 

tissues.  

Significant reduction in body weight (67.8±1.1 Kg) and BMI (25.5±0.2 Kg/m2) in 

healthy subjects was reported at 8th week, given catechins containing drink (250 mL/bottle). 

It was reported that tea catechins reduced body fat by inhibiting lipid absorption from meals 

(Kajimoto et al., 2005). In vitro studies have also confirmed capability of green tea extract to 

inhibit gastric and pancreatic lipase activity (Juhel et al., 2000). The drugs orlistat used for 

the treatment of obesity showing ability to inhibit lipase activity and intestinal absorption of 

dietary fats assures this effect (Hauner, 2001). Nagao et al. (2005) elucidated significant 

reduction in body weight and BMI of human subjects after green tea catechins consumption 

in the form of drink (690 mg catechins). They delineated that long-term consumption of 

beverage containing catechins not only decreases body fat but also inhibits the formation of 

oxidized lipids. Catechins rich beverages exhibited regulation of redox regulatory system; a 

factor influencing the accumulation of body fat. They suggested that catechins can contribute 

to prevent various lifestyle-related diseases associated with obesity. In a human study, GTE 

(green tea extract) has been reported to increase energy expenditure and the oxidation of 

lipids (Dulloo et al., 1999). They correlated such effects of catechins to inhibited activity of 

catechol-O-methyltransferase (COMT); a catecholamine-degrading enzyme resulting in an 

increased noradrenalin induced thermogenesis. 

Significant reduction in body weight gain due to tea catechins may be due to its 

capability to activate β-oxidation of fatty acids (Murase et al., 2002). It has been reported that 

ingested catechins are absorbed through the intestinal tract and high level are detected in the 

liver (Nakagawa and Miyazawa, 1997; Suganuma et al., 1998). Since liver is a major organ 
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active in β-oxidation (Nemali et al., 1988; Kelly et al., 1989) therefore upregulation of 

hepatic lipid metabolism might be contributed to suppression of liver and visceral fat 

accumulation. Peroxisome proliferators activated receptors (PPARs) transcriptionally 

regulate the expression of many lipid-metabolizing enzymes, including acyl-CoA oxidase 

and medium chain acyl-CoA dehydrogenase (Schoonjans et al., 1996). Transient transfection 

assay has confirmed that catechins are not ligands for PPARα. However, nuclear factor-kB 

(NF-kB) is reported to inhibit PPARα mediated activation of PPAR response element-driven 

promoter through physical interaction of PPARα with NF-kB p65 (Delerive et al., 1999). 

Catechin gallates inhibit the activation of NF-kB (Lin and Lin, 1997; Murase et al., 1999) 

thereby regulate the transcription of PPAR-related genes by reducing the NF-kB activation 

that might lead to upregulation of the lipid metabolizing enzymes (Murase et al., 2002).  

EGCG improved in vivo fatty acid oxidation by upregulating the carnitine palmitoyl 

transferase-1 (CPT-1) and acyl-CoA oxidase-1 (ACO-1) mRNA levels in the liver and 

adipose tissues. Furthermore, DNA microarray analysis affirmed that regulation of genes 

involved in the synthesis of fatty acids, triacylglycerol, and cholesterol is carried with EGCG 

(Dulloo et al., 1999; Murase et al., 2002; Wolfram et al., 2006). According to Bose et al. 

(2008), EGCG significantly decreased total percent body fat and visceral body fat weight. 

The decreased body fat may be due to inhibited lipid absorption or increased fat oxidation. 

They found that increased fecal lipids by EGCG treatment supported the claim of decreased 

lipid absorption by this active ingredient.  

It is deduced from the present investigation that functional drinks may be effective in 

reducing weight gain and thus obesity. The results showed more reduction in weight gain of 

rats consuming high cholesterol or sucrose diets rather than control group. Conclusively, 

functional drinks containing catechins and EGCG may be used as a part of diet based 

regimen to control obesity. 

4.5.4. Organs to body weight ratio 

F values for organ to body weight ratio revealed non-significant impression of treatments, 

study period and their interaction (Table 37). Means for heart to body weight 
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Table 37. Organ to body weight ratio (g/100g body weight) in different studies 

 
Parameters 

 
Studies 

Treatments  
F value T0 T1 T2 

 

Heart 

Study I 0.34±0.02 0.35±0.03 0.32±0.03 1.961NS 

Study II 0.35±0.03 0.38±0.02 0.37±0.03 1.961 NS 

Study III 0.36±0.03 0.40±0.03 0.38±0.02 1.432 NS 

Study IV 0.41±0.04 0.44±0.04 0.42±0.02 1.792 NS 

 

Liver 

Study I 4.01±0.04 4.17±0.03 4.20±0.03 0.682 NS 

Study II 4.51±0.04 4.32±0.04 4.15±0.03 1.580 NS 

Study III 4.52±0.03 4.30±0.03 4.14±0.04 1.384 NS 

Study IV 4.57±0.03 4.33±0.04 4.20±0.03 2.110 NS 

 

Right kidney 

Study I 0.43±0.04 0.46±0.02 0.46±0.02 1.300 NS 

Study II 0.44±0.03 0.42±0.04 0.42±0.04 1.792 NS 

Study III 0.44±0.04 0.41±0.04 0.40±0.03 2.263 NS 

Study IV 0.45±0.04 0.42±0.02 0.43±0.03 1.228 NS 

 

Left  kidney 

Study I 0.43±0.03 0.47±0.03 0.46±0.03 1.236 NS 

Study II 0.41±0.04 0.41±0.04 0.42±0.04 1.432 NS 

Study III 0.43±0.04 0.39±0.03 0.40±0.02 3.163 NS 

Study IV 0.45±0.02 0.38±0.02 0.40±0.03 1.219 NS 

 

Spleen 

Study I 0.36±0.02 0.35±0.03 0.36±0.03 0.241 NS 

Study II 0.34±0.02 0.32±0.02 0.32±0.02 0.682 NS 

Study III 0.35±0.03 0.31±0.03 0.34±0.02 1.669 NS 

Study IV 0.36±0.03 0.31±0.03 0.32±0.03 2.035 NS 

 

Lungs 

Study I 1.16±0.10 1.19±0.07 1.19±0.09 0.181 NS 

Study II 1.14±0.09 1.10±0.06 1.09±0.10 1.423 NS 

Study III 1.15±0.09 1.09±0.01 1.10±0.10 0.953 NS 

Study IV 1.18±0.08 1.12±0.08 1.13±0.06 0.505 NS 

 

Pancreas 

Study I 0.60±0.05 0.61±0.05 0.61±0.05 0.054 NS 

Study II 0.58±0.04 0.56±0.04 0.55±0.04 1.384 NS 

Study III 0.58±0.03 0.55±0.03 0.56±0.03 0.481 NS 

Study IV 0.61±0.05 0.59±0.04 0.57±0.04 1.016 NS 



 105

ratio of rats in different studies ranged from 0.32±0.03 to 0.44±0.04 g/100g body weight. 

Likewise, non-momentous effect for liver weight was noted that ranged from 4.01±0.04 to 

4.57±0.03 g/100g body weight. Similarly, weight of right and left kidney of rats in different 

studies was affected non-significantly by functional drinks i.e. 0.40±0.03 to 0.46±0.02 and 

0.38±0.02 to 0.47±0.03 g/100g body weight, respectively. Spleen weight varied non-

substantially from 0.31±0.03 to 0.36±0.03 g/100g body weight in different studies. Mean 

values for lungs ranged from 1.09±0.01 to 1.19±0.09 g/100g body weight in the entire 

efficacy trial. Means pertaining to the pancreas to body weight ratio were 0.55±0.03 to 

0.61±0.05 g/100g. 

Morita et al. (2009) delineated non-substantial effect of different green tea doses on 

rats organs weight like heart spleen and brain except for liver and kidney of rats. Likewise, 

Chengelis et al. (2008) mentioned that rat’s organs like liver, kidneys, heart, and spleen were 

not affected significantly by orally given green tea catechins up to dose of 2000 mg/kg/day 

for 28 days. In a research study Takami et al. (2008) reported similar non-momentous effect 

of green tea catechins (1.25%) on lungs, heart, spleen, liver and kidneys of rats. 

The results regarding organ to body weight ratio showed that green tea did not impart 

any hazardous effect on these organs as the values were within normal ranges proving the 

safe use of functional drink. 

4.5.5. Cholesterol 

The F values presented in Table 38 for effect of treatments on cholesterol revealed 

significant differences in all studies. In study I, maximum cholesterol was recorded in T0 

(78.64±3.07 mg/dL) followed by T1 (74.73±2.34 mg/dL) and T2 (76.46±2.42 mg/dL) groups. 

Means for cholesterol in study II (high cholesterol diet) showed highest value for T0 

(147.02±7.83 mg/dL) that significantly reduced to 126.42±4.47 mg/dL in T1 and 130.09±7.77 

mg/dL in T2. Study III, comprised of high sucrose diet resulted in high cholesterol 

(128.74±5.60 mg/dL) in T0 however, the value for this trait was reduced in T1 (113.84±6.93 

mg/dL) and T2 groups (116.79±5.36 mg/dL).  Maximum value for cholesterol in study IV 

was observed in T0 (155.02±8.36 mg/dL) that momentously reduced in T1 (132.67±6.90 

mg/dL) followed by T2 
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Table 38. Effect of functional drinks on cholesterol (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 78.64±3.07a 74.73±2.34b 76.46±2.42ab 5.529** 

Study II 147.02±7.83a 126.42±4.47b 130.09±7.77b 6.893** 

Study III 128.74±5.60a 113.84±6.93b 116.79±5.36b 4.437* 

Study IV 155.02±8.36a 132.67±6.90b 135.42±6.33b 8.808** 

* = Significant 
**= Highly significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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 (135.42±6.33 mg/dL) group. It has been observed that treatment T1 (drink containing 

catechins) was more effective in reducing cholesterol than T2 (drink containing EGCG) 

though the differences were non-significant. It is obvious from Figure 10 that in study I, 

drinks T1 and T2 resulted in 4.96 and 2.77% decrease, respectively in cholesterol as compared 

to control. Likewise in study II, provision of drink containing catechins resulted in 14.01% 

decrease in cholesterol followed by 11.52% by drink containing EGCG. Cholesterol was 

reduced in study III by functional drinks to 11.50 and 9.28% in T1 and T2 groups, 

respectively. However in study IV, 14.42 and 12.64% decline was observed in T1 and T2 

groups, respectively.  

Different animal modeling (hamsters, rats and mice) have proved cholesterol 

lowering ability of green tea catechins (Yang and Koo 1997; Suzuki et al., 1998; Chan et al., 

1999; Yang and Koo, 2000; Meguro et al., 2001; Hasegawa et al., 2003; Raederstorff et al., 

2003; Kuo et al., 2005).   

The finding of Ito et al. (2008) supported the present investigation of cholesterol 

reduction with drink containing catechins or EGCG in rats fed on normal diet (study I); they 

reported decrease (10.70%) in serum cholesterol of rats provided normal diet and water 

containing tea catechins. They concluded that catechins can alter lipid metabolism not only in 

obese but also in non-obese rats. Some other studies are also in corroboration with recent 

findings of decreasing plasma lipid profile especially cholesterol with catechins (Yang and 

Koo 1999; Murase et al., 2002; Yokozawa et al., 2002; Carr et al., 2004; Suzuki et al., 2005). 

The cholesterol lowering effect could be due to decreased micellar solubilization of 

cholesterol or inhibition in synthesis of cholesterol in liver (Hasegawa et al., 2003; 

Raederstorff et al., 2003). 

The research of Bursill et al. (2007) is in accordance with the instant findings of study 

II; they exposed that in rabbits fed on cholesterol diet, administration of crude catechins 

caused significant reduction (60%) in plasma cholesterol. In another study, Raneva and 

Shimasaki (2005) documented decrease in plasma cholesterol of mice fed on high fat diet 

along with catechins. Hypocholesterolemic potential of green tea catechins can be accredited 

to increased fecal excretion of cholesterol and bile acid (Yang and Koo, 2000) and decreased 

cholesterol absorption from intestine (Chisaka et al., 1988). Ikeda et  



 108

 

 

 

 

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

Study I Study II Study III Study IV

4.97

14.01

11.57

14.42

2.77

11.52

9.28

12.64

T1=Drink containing catechins T2=Drink containing EGCG

%
D
e
c
r
e
a
s
e
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al. (1992) suggested that catechins inhibited cholesterol absorption by interfering with biliary 

micelle system in the lumen of intestine.  

Upregulation of the LDL receptor could be a possible mechanism by which crude 

catechins decrease plasma cholesterol concentrations. The increase efficiency in the LDL 

receptor lowers cholesterol by improving uptake of low density lipoprotein from the blood 

circulation (Bursill et al., 2007). Different in vitro studies have proven the ability of 

catechins to enhance the LDL receptor thus modulate cholesterol metabolism (Bursill et al., 

2001; Kuhn et al., 2004; Bursill and Roach, 2006). Earlier, Chisaka et al. (1988) reported 

that removal of 14C-cholesterol from the plasma of rats after feeding EGCG might be due to 

increased LDL receptor; a key process by which the sterols are removed from blood 

circulation (Brown and Goldstein, 1986). Catechins may decrease plasma cholesterol by 

reducing its synthesis that leads to reduction in active pool of cholesterol which in turn 

regulates the LDL receptor (Grundy, 1991). The cholesterol lowering effect of catechins 

extract is similar to hypocholesterolaemic drugs such as lovastin, simvastatin and pravastatin, 

which reduce cholesterol synthesis and increase the LDL receptor (Endo, 1992; Roach et al., 

1993). 

The research exploration of Kobayashi et al. (2005) confirmed the current 

investigation; they observed 23% decline in serum cholesterol of SD rats by tea catechins. 

Earlier, Yang and Koo (1997) delineated momentous reduction in the serum and liver 

cholesterol by 37 and 31%, respectively with green tea in diet-induced hypercholesterolemic 

rats. In a similar module, plasma cholesterol was reduced significantly up to 23% by green 

tea (Yang and Koo, 2000). Tea catechins increase the bile acid excretion by preventing 

reabsorption from small intestine through disruption of micelle formation of bile acid. The 

increase in excretion of bile acid and cholesterol activates cholesterol 7α-hydroxylase that 

enhances the conversion of liver cholesterol to bile acid to restock the loss thus resulting in 

cholesterol reduction (Yang and Koo, 1997). The decrease hepatic cholesterol content in turn 

stimulates LDL receptor expression and lowers blood cholesterol level (Yang and Koo, 

2000). 

Richard et al. (2009) explored that decaffeinated green tea significantly reduced 

cholesterol in mice by reducing triglyceride absorption through modification of dietary fat 
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emulsification in the gastrointestinal tract (Shishikura et al., 2006). Likewise, Bose et al. 

(2008) reported inhibitory effect of green tea on intestinal lipid absorption. According to 

Tokunaga et al. (2002), daily green tea consumption up to ten cups is associated with 

decreased serum total cholesterol both in men and women. Similarly, rats fed on 2% 

powdered green tea (PGT) showed significant reductions (18.6%) in total cholesterol as 

compared to control (Zhang et al., 2002). In hamsters modeling, provision of green tea 

extract lowered serum cholesterol by increasing its fecal output (Chan et al., 1999). They 

documented amplified excretion of fecal neutral sterols (cholesterol and coprostanone) and 

acidic sterols (deoxycholic acid, chenodeoxycholic acid and cholic acid) with green tea. The 

augmented excretion of acidic sterols (major end products of cholesterol catabolism) 

decreased the level of serum cholesterol.  

Green tea catechins particularly EGCG, interfere with the emulsification, digestion 

and micellar solubilization of lipids; steps involved in the intestinal absorption of dietary fat, 

cholesterol, and other lipids. On such bases, it is envisaged that green tea or its catechins 

mitigate absorption and tissue accumulation of other lipophilic organic compounds thereby 

considered as safe and effective therapeutic agent (Koo and Noh, 2007). 

The steps involved in the cholesterol absorption are emulsification in the stomach, 

hydrolysis of ester bond by specific pancreatic esterase, micellar solubilization, absorption in 

proximal jejunum, re-esterification within intestinal cells and transport to lymph by 

chylomicrons (Rose, 2000; Raederstorff et al., 2003). Cholesterol requires solubilization in 

mixed micelles (polymolecular aggregates that act as a carrier and a solubilizer of cholesterol 

and other lipids) because of its insolubility in water. The solubilized cholesterol is moved to 

the cell membrane of the intestinal brush border. Pure EGCG induces an increase in mean 

particle size of the micelles that may affect the solubility of cholesterol and affinity of 

micelles for membrane (Caniparoli et al., 1992).  There are proven facts that catechins 

reduced the membrane fluidity by affecting its structure (Hashimoto et al., 1999; Tsuchiya, 

1999). These alterations in the intestinal lumen may affect hepatic cholesterol metabolism, 

synthesis and catabolism of lipoproteins. The hypocholesterolemic activity of EGCG is due 

to inhibition of intestinal cholesterol absorption by reducing micellar solubilization of 

cholesterol.  
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From the present exploration, it is concluded that functional drinks containing 

catechins or EGCG are effective for the management of elevated cholesterol level due to 

consumption of high energy foods. 

4.5.6. High density lipoprotein (HDL) 

It is obvious from the F values (Table 39) that treatments exhibited non-significant 

differences on HDL level of different groups of rats. Mean values for this trait in study I 

(normal diet) showed that neither T1 (drink containing catechins) nor T2 (drink containing 

EGCG) altered HDL momentously and values for T0, T1 and T2 groups were 34.64±2.57, 

35.80±1.79 and 35.47±2.25 mg/dL, respectively. Similarly in study II (high cholesterol diet), 

HDL values were 56.29±3.71, 58.30±4.47 and 57.80±4.15 mg/dL for T0, T1 and T2, 

respectively. Mean for T0 in study III was 46.95±2.59 mg/dL that increased non-significantly 

to 48.27±3.53 and 47.80±3.43 mg/dL in T1 and T2 groups, respectively. Likewise, in study 

IV, HDL values for T0, T1 and T2 were 58.86±3.01, 60.35±4.66 and 59.27±2.61, respectively. 

No doubt that catechins and EGCG containing drinks showed non-significant differences 

with that of control for HDL value however, a slight increasing trend was observed in T1 and 

T2 groups.   

Cholesterol in blood is transported with the lipoproteins i.e. LDL and HDL. Some 

other fractions of lipoprotein have also been described in some research explorations but 

LDL and HDL got more attention (Han et al., 2002). The HDL is involved in transfer of 

cholesterol from tissues and arteries back to liver (Ohashi et al., 2005) and considered as 

good form of lipid profile. It reduces deposited cholesterol in the endothelium by retrieving 

cholesterol from peripheral cells and other lipoproteins to the liver for excretion in the bile 

(Ha et al., 2005) while LDL facilitates its circulation in blood stream (Albertini et al., 2002; 

Han et al., 2002; Mensink et al., 2003). High level of HDL prevents LDL accumulation in 

the walls of the arteries. Many studies have proved inverse correlation between heart disease 

and plasma HDL concentrations (Scandinavian simvastatin survival study, 1994; Heart 

protection study collaborative group, 2002).  

Recent results for non-significant effect of drinks on HDL are in agreement with 

previous work of Gomikawa et al. (2008), they reported non-substantial changes for this 

attribute in human subjects after green tea consumption. Similarly, Inami et al. (2007) 
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Table 39. Effect of functional drinks on HDL (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 34.64±2.57 35.80±1.79 35.47±2.25 0.725NS 

Study II 56.29±3.71 58.30±4.47 57.80±4.15 0.282NS 

Study III 46.95±2.59 48.27±3.53 47.80±3.43 0.167NS 

Study IV 58.86±3.01 60.35±4.66 59.27±2.61 0.142NS 

NS= Non significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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mentioned non-significant changes in HDL of human subjects given 500 mg of catechins 

daily. Earlier, Erba et al. (2005) investigated the effect of green tea (two cups containing 250 

mg of total catechins) in a group of healthy volunteers and elucidated non-significant 

changes in plasma HDL level. Ohmori et al. (2005) delineated non-substantial but slightly 

increasing trend in serum HDL after green tea consumption in humans. Likewise, Chan et al. 

(1999) recorded non-significant but increasing HDL concentration in hamsters modeling. 

The findings of Yang et al. (2001) supported the present case as they stated that HDL-

cholesterol in Sprague Dawley remained unaffected after consumption of a drink containing 

tea ethanolic extract (1% w/v). Results for non-momentous effect of drink containing EGCG 

are in line with Raederstorff et al. (2003) investigation, they expounded that 1% EGCG 

affected HDL non-significantly.  

Nevertheless, some scientists observed varied response of green tea on HDL fraction. 

Bursill and Roach (2007) observed significant increase in HDL cholesterol concentration 

with administration of crude catechin extract. Likewise, Zhang et al. (2002) and Kajimoto et 

al. (2005) noted significant increase in HDL concentration after green tea consumption. In 

contrary, Nakamura et al. (2001) observed significant reduction of serum HDL cholesterol 

due to green tea polyphenols.  

4.5.7. Low density lipoprotein (LDL) 

 Diets containing high quantity of cholesterol and saturated fatty acids cause increase 

in serum LDL-Cholesterol level (NIH, 2002). Hypercholesterolemia is not only correlated 

with risk of cardiovascular diseases but also results in lipid peroxidation products (Cox and 

Cohen, 1996); one of a main causes for oxidative modification of LDL leading to 

atherosclerosis (Itabe, 2003). Consequently in hypercholesterolemic patients more emphasis 

is given to the reduction of cholesterol especially LDL. 

 The F values indicated that LDL level in different groups of rats was significantly 

affected by treatments in all studies (Table 40). Means for study I indicated that LDL value 

was 30.34±1.43 mg/dL in T0 that significantly reduced to 25.55±1.22 and 27.41±1.46 mg/dL 

in T1 and T2 groups, respectively. However, LDL value for T0 group (study II) was 

69.68±3.45 mg/dL that momentously decreased in T1 and T2 to 48.47±2.41 and 52.17±3.79 

mg/dL, respectively. Substantial differences in LDL (study III) were 
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Table 40. Effect of functional drinks on LDL (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 30.34±1.43a 25.55±1.22b 27.41±1.46ab 4.857* 

Study II 69.68±3.45a 48.47±2.41b 52.17±3.79b 6.097** 

Study III 64.66±3.22a 50.36±2.83b 52.42±4.32b 3.636* 

Study IV 74.59±4.95a 53.10±3.45b 57.27±4.98b 6.459** 

* = Significant 
**= Highly significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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noted in T1 (50.36±2.83 mg/dL) and T2 (52.42±4.32 mg/dL) groups as compared to control 

(64.66±3.22 mg/dL). In study IV, combination of high cholesterol+high sucrose diet resulted 

in high LDL in T0 i.e. 74.59±4.95 mg/dL however, drinks T1 and T2 momentously decreased 

the values for the trait to 53.10±3.45 and 57.27±4.98 mg/dL, respectively. It is elucidated 

from Figure 11 that T1 (drink containing catechins) was more effective in reducing LDL than 

T2 (drink containing EGCG) nevertheless, behaved non-significantly. In study I, treatments 

T1 and T2 resulted in 15.78 and 9.60% decrease, respectively in LDL as compared to control. 

In Study II, in which high cholesterol diet was given to rats, provision of drink containing 

catechins resulted in 30.43% decrease in LDL followed by 25.10% by drink containing 

EGCG. In study III, functional drink containing catechins reduced the LDL level by 22.10 % 

whilst the decrease was 18.90% by EGCG enriched drink. In study IV (high cholesterol+high 

sucrose diet) reduction was 28.80 and 23.80% in T1 and T2 groups, respectively. 

Recently, the exploration of Nantz et al. (2009) supported the present data as they 

reported significant decrease in total and LDL cholesterol in human subjects with green tea 

extract. In another study, overweight Japanese children exhibited significant reduction in 

LDL cholesterol with consumption of green tea (Matsuyama et al., 2008). Research results of 

Zhang et al. (2002) expounded the reduction in LDL+VLDL cholesterol (66%) in rats when 

provided with 2% powdered green tea. The results for LDL reduction in study II (high 

cholesterol diet) are in agreement with Bursill et al. (2007), they explored that crude 

catechins resulted in significant LDL reduction (80%) in rabbits fed on cholesterol diet. In a 

research experiment, Erba et al. (2005) described that intake of two cups of green tea in 

humans significantly decreases plasma LDL-cholesterol. They suggested that LDL 

cholesterol lowering property could be attributed to synergic action of green tea consumption 

and diet. The investigation of Raedstorff et al. (2003) is in line with current results that 

EGCG caused significant reduction in LDL of rats fed on diet containing high cholesterol. 

Lately, Roghani and Baluchnejadmojarad (2010) noted LDL reduction in diabetic rat 

modeling with EGCG. The proposed mechanism of LDL reduction by green tea catechins is 

through inhibition of cholesterol synthesis (Libby, 1995; WSCPSG, 1998) and dietary 

cholesterol absorption (Heek et al., 1997; Heek et al., 2000).  
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Figure 11. Percent reduction in LDL as compared to control 
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According to Inami et al. (2007), catechins lead to significant LDL reduction in 

healthy volunteers whereas Kajimoto et al. (2005) elucidated significant LDL reduction in 

mild or boarder line hypercholesterolemic subjects. Different scientists have illustrated the 

decrease in LDL cholesterol after consumption of green tea, EGCG or green tea extract 

(Matsumoto et al., 1993; Mitscher et al., 1997; Kao et al., 2000). In hamsters fed on normal 

or high cholesterol diet, green tea exhibited improvement in plasma lipid profiles and LDL 

reduction (Vinson and Dabbagh, 1998).  

Crude catechins decrease plasma cholesterol concentrations by upregulating LDL 

receptor. The increase in the LDL receptor improves the uptake of low density lipoprotein 

cholesterol from the blood circulation (Bursill et al., 2007). It has been observed that 

catechins enhance the LDL receptor and modulate cholesterol metabolism (Bursill et al., 

2001; Kuhn et al., 2004; Bursill and Roach, 2006).  

It is deduced that functional drinks should be introduced in dietary modification 

because of its ability to alleviate LDL level for regulation of lipid profile.  

4.5.8. Triglycerides  

The F values showed non-significant effect of treatment on triglycerides in study I 

and II whereas significant differences were recorded for study III and IV (Table 41). Mean 

values for triglycerides in study I for T0, T1 and T2 groups were 68.30±3.74, 66.92±3.61 and 

67.89±3.13 mg/dL, correspondingly. Similarly in study II, mean values for T0, T1 and T2 

differed non-substantially i.e. 105.26±6.02, 98.23±5.16 and 100.61±7.71, respectively. 

However, study III in which high sucrose diet was given to the rats, triglycerides level 

increased to 85.63±6.52 mg/dL in T0 group but drinks containing catechins (T1) and EGCG 

(T2) suppressed the values for this trait to 76.06±5.09 and 82.86±4.82 mg/dL, respectively. 

Likewise, in study IV (high cholesterol+high sucrose diet), triglycerides were reduced to 

94.38±6.05 and 96.10±4.69 mg/dL in T1 and T2 groups, respectively as compared to 

107.85±7.21 mg/dL in T0. It is obvious from Figure 12 that in study III drinks T1 and T2 

resulted in 11.18 and 3.23% decrease, respectively as compared to control. Likewise, in study 

IV, the decrease 12.49 and 10.89% was recorded in T1 and T2, correspondingly as compared 

to control (drink without active ingredients).  
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Table 41. Effect of functional drinks on triglycerides (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 68.30±3.74 66.92±3.61 67.89±3.13 0.410
NS

 

Study II 105.26±6.02 98.23±5.16 100.61±7.71 1.459
NS

 

Study III 85.63±6.52a 76.06±5.09b 82.86±4.82ab 4.264* 

Study IV 107.85±7.21a 94.38±6.05b 96.10±4.69b 6.484** 

* = Significant 
**= Highly significant 
NS= Non significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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 Figure 12. Percent reduction in triglycerides as compared to control 
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However, more reduction was observed in T1 as compared to T2 though the 

differences were statistically at par. 

It has been observed that fructose diet rich results in hypertriglyceridemia by 

increasing the formation of glycerol-3-phosphate (Thorburn et al., 1989). The present results 

for reduction of triglycerides in study III (high sucrose diet) are in agreement with the 

conclusions of Yang et al. (2001); they reported diminution in triglycerides of Sprague 

Dawley rats fed on high sucrose diet. Low concentration of triglycerides by green tea may 

result from suppressed expression of Stearoyl-CoA desaturase (SCD 1) gene. Because in 

liver triglyceride synthesis depends on the expression of the SCD 1 gene that is involved in 

biosynthesis of oleate and palmioleate; the major monounsaturated fatty acids of triglycerides 

(Ohta et al., 2006). Previous literature also provided evidences that blood triglycerides level 

in rodents correlates with SCD 1 activity, helpful for production of triglycerides in liver and 

adipose tissues (Diot et al., 2000; Miyazaki et al., 2000; Attie et al., 2002; Cohen et al., 

2003). However, Watanabe et al. (1998) is of the view that reduced activity of acetyl-Co A 

by green tea catechins is a reason for low triglycerides synthesis. 

Similarly, rats fed on 2% powdered green tea (PGT) showed substantial reductions 

(42.3%) in triglycerides as compared to control (Zhang et al., 2002). In hamsters modeling, 

serum triglycerides were reduced momentously by green tea solution (Chan et al., 1999). 

Lately, Richard et al. (2009) illustrated that supply of decaffeinated green tea to mice 

resulted in significant reduction of 18.86% in triglycerides. According to Tsubono and 

Tsugane (1997), inverse association occurs between green tea intake and triglycerides in 

human. Recently, Chen et al. (2009) also indicated declining tendency in triglycerides after 

green tea consumption. Similarly, Li et al. (2006) expressed that green tea extract rich in 

EGCG caused significant reduction in triglycerides level not only in plasma but also in liver 

and heart tissues in fructose fed hamsters. Increased triglycerides in study III consisting of 

high sucrose diet is supported with the work of Wu et al. (2004a), they depicted enhanced 

triglycerides with high fructose diet. Sebokova et al. (1996) illustrated that enhanced 

triglycerides level was due to augmented expression of enzymes including acetyl-coenzyme 

A carboxylase and fatty acid synthase, involved in TG synthesis. Moreover, malic enzyme 

was increased that supplies NADPH for the synthesis of long-chain fatty acids. 
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Kuzu et al. (2008) strengthened the present results of decreasing triglycerides by 

functional drink as they noted reduction for this trait in Sprague Dawley rats fed on EGCG 

along with high fat diet. Kao et al. (2000) found that green tea epigallocatechin gallate 

(EGCG) significantly reduced triglyceride. Similarly, Wolfram et al. (2006) pointed out that 

EGCG alleviated plasma concentrations of triacylglycerol. A similar effect was observed in 

obese Zucker rats (Kao et al., 2000). 

The work of Yang and Koo (1997) supported the current results for non-significant 

effect of green tea catechins on triglycerides in study II (high cholesterol diet); they noted 

non-momentous reduction in triglycerides after green tea supplementation in high cholesterol 

diet fed to Sprague Dawley rats. Likewise, Raedstorff et al. (2003) when investigated the 

effect of EGCG in rats fed on diet containing high cholesterol and fat observed non-

substantial differences in triglycerides. 

In the net shell, functional drinks containing catechins and EGCG are effective in 

attenuating the lipid profile with special reference to cholesterol, LDL and triglycerides 

however, the good cholesterol i.e. HDL remained unaffected. It is further observed that drink 

containing catechins was more effective in modulating lipid metabolism as compared to 

EGCG enriched drink. Owing to the presence of active ingredients, functional drinks could 

be effectual in managing the lifestyle-related disorders. 

4.5.9. Glucose  

The F value in Table 42 revealed that treatments exhibited non-significant differences 

on glucose in study I and II whereas, the effect was significant in study III and IV. Mean 

glucose values for T0, T1 and T2 groups were 93.55±6.01, 92.44±4.43 and 90.44±4.79 mg/dL 

in study I whereas 105.60±6.61, 103.32±5.26 and 101.51±4.58 mg/dL in study II, 

respectively. High glucose value of 125.93±5.47 mg/dL was observed for T0 group in study 

III (high sucrose diet) that reduced to 113.21±7.25 mg/dL in T1 and 110.40±5.85 mg/dL in 

T2. Likewise, study IV resulted in high glucose level 130.05±8.75 mg/dL in T0 whilst drinks 

containing catechins and EGCG lowered the glucose value to 121.07±7.32 and 119.57±6.60 

mg/dL in T1 and T2 groups, respectively. Figure 13 
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Table 42. Effect of functional drinks on glucose (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 93.55±6.01 92.44±4.43 90.44±4.79 0.765
NS

 

Study II 105.60±6.61 103.32±5.26 101.51±4.58 0.307
NS

 

Study III 125.93±5.47a 113.21±7.25b 110.40±5.85b 4.034** 

Study IV 130.05±8.75a 121.07±7.32b 119.57±6.60b 4.511* 

* = Significant 
** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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Figure13.  Percent reduction in glucose compared to control 
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pertaining to percent reduction in glucose elucidated that in study III, functional drink 

containing catechins (T1) led to 10.10% reduction however, EGCG containing drink (T2) 

caused 12.33% suppression for this trait. Similar diminishing trend in glucose was observed 

in study IV by T1 (6.91%) and T2 (8.06%). It is evident that functional drink containing 

EGCG (T2) performed better against high glucose diet than that of drink containing catechins 

(T1) though the differences were statistically non-substantial. 

According to Polychronopoulos et al. (2008), inverse relation occurs between green tea and 

blood glucose as animal studies have proven the ability of green tea catechins to mitigate 

blood glucose in type 1 and 2 diabetics (Sabu et al., 2002; Waltner-Law et al., 2002; Tsuneki 

et al., 2004). Green tea can be used for cardiovascular care because of its ability to lower the 

blood glucose and body weight; one of the risk factors for coronary disorders (Waltner-Law 

et al., 2002; Dewan and Wilding, 2003; Tsuneki et al., 2004; Fukino et al., 2005; Janle et al., 

2005). 

Green tea reduces blood glucose not only in obese but also in non obese subjects 

irrespective of age, sex, smoking, physical exercise, dietary habits and other clinical 

characteristics (Polychronopoulos et al., 2008). The conclusions of Wu et al. (2004a) 

supported the instant investigation of alleviation in blood glucose with functional drinks in 

high sucrose and high sucrose + cholesterol fed rats; they recorded decreased blood glucose 

due to green tea in fructose fed Sprague Dawley rats. Shokrzadeh et al. (2006) explicated that 

green tea extract lowered blood glucose after 2 hours of oral administration and 

hypoglycemic potential of green tea might be due to decreased intestinal absorption of 

glucose (Ikeda et al., 1992; Matsumoto et al., 1993; Shokrzadeh et al., 2006). Likewise, 

Renno et al. (2008) illuminated suppression in serum glucose level of diabetic rats provided 

green tea as drinking source. Maeda et al. (2005) concluded that glucose suppressing ability 

of green tea is due to its stimulated adipocyte uptake of glucose. However, insulin like effect 

of green tea could be a possible mechanism for reduction of blood sugar level (Broadhurst et 

al., 2000; Waltner-Law et al., 2002; Hosoda et al., 2003; Wu et al., 2004b). The 

antihyperglycemic effect of green tea may be due to activated uptake of glucose, inhibited 

intestinal glucose transporter and decreased expression gluconeogenesis controlling genes 

(Babu et al., 2006). 
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Igarashi et al. (2007) determined the effect of catechins on glucose tolerance and 

oxidative stress status in type II diabetic rats and deduced that green tea catechins are 

effective in delaying the progression of diabetes and associated oxidative stress. The 

recommendations of Wu et al. (2004b) strengthened the present case; they recorded 7% 

reduction in blood glucose of Sprague Dawley rats when green tea was used instead of water. 

Likewise, Wolfram et al. (2006) recorded 15.95% reduction in blood glucose in rodents with 

EGCG. Li et al. (2006) enlightened the role of green tea on glucose metabolism in fructose 

fed insulin resistance hamster model. They observed that green tea extract supplementation 

containing EGCG decreased serum glucose level. They further ascribed that green tea may 

show the hypoglycemic effect by increasing expression of PPARs;  ligand-dependent 

transcription factors including four isotypes (α, β, γ and δ) used in control of energy 

homeostasis and obesity-related diseases. These are ligand activated and control variety of 

genes through different metabolic pathways. However PPARs are mostly associated with 

genes participating in glucose production & disposal and lipid metabolism i.e. fatty acid 

uptake, fatty acid oxidation, lipolysis, and lipoprotein assembly and transport (Desvergne et 

al., 2004).  

EGCG exhibits hypoglycemic potential by preventing the intestinal glucose 

absorption via sodium-dependent glucose transporter (SGLT1), lowering the expression of 

mRNA for gluconeogenesis controlling enzymes (Kobayashi et al., 2000; Waltner-Law et 

al., 2002; Koyama et al., 2004) and causing repression of glucose production,  

phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase gene expression in 

cells (Waltner-Law et al., 2002). Additionally, EGCG has direct effect on hepatic glucose 

metabolism (Sabu et al., 2002) thus improves glucose stimulated insulin secretion (Wolfram 

et al., 2006). 

According to Li et al. (2007), EGCG played a major role in glucose lowering as 

lipophilic EGCG derivative improves the postprandial hyperglycemia by inhibiting activity 

of α-glucosidase; hydrolases catalyzing break down of oligo and polysaccharide into 

monosaccharides that are absorbed in intestinal lumen and transported into blood circulation. 

The α-glucosidase inhibitors impediment digestion and absorption of carbohydrate (Scheen, 

2003; Van de Laar et al., 2005) thus prevent rise in blood glucose. Roghani and 

baluchnejadmojarad (2009) highlighted that treatment of diabetic rats with 25mg/kg/day of 



 126

EGCG attenuated serum glucose due to its ability to suppress the destruction of β cells by 

inhibiting the activation of NF-kB (Han, 2003). Koyama et al. (2004) described that EGCG 

decreases mRNAs levels of gluconeogenic enzymes. However, in a research trial Waltner-

Law et al. (2002) indicated the regulation of hepatic glucose production by EGCG through 

PI3K dependent manner.  

Collapse of the insulin secretory response is one of the causes of postprandial 

hyperglycemia (Pratley and Weyer, 2001) leading to increase in endogenous glucose 

production (EGP) by the liver thus contributes to high fasting glucose level (Basu et al., 

2004). EGCG prevents EGP by decreasing the mRNA expression of PEPCK (gluconeogenic 

enzyme) and increasing mRNA expression of glucokinase (GK) thereby improving the 

glycolysis and hepatic glucose uptake (Grimsby et al., 2003; Wolfram et al., 2006). 

Unhealthy lifestyle suppresses the expression of GLUT4 and insulin receptor (IR) 

levels in skeletal muscle (Wu et al., 2004a; Nishiumi and Ashida, 2007). The diminution of 

GLUT4 causes insulin resistance and chronic hyperglycemia. Ueda et al., (2008) proposed 

another mechanism that EGCG stimulates the uptake of glucose through translocation of 

glucose transporter 4 (GLUT4) in skeletal muscle cells; a contributory factor regulating 

insulin stimulated glucose transport not only in adipose tissues but also in skeletal muscles 

(40% of body mass) considered cardinal for glucose utilization (DeFronzo et al., 1992; Joost 

et al., 2002).  

4.5.10. Insulin 

The results showed non-significant effect of treatments on insulin level in study I and 

II whereas significant effect was observed for this trait in study III and IV (Table 43). In 

study I, mean values for insulin were 9.33±0.51, 9.15±0.68 and 9.14±0.71 µU/mL for T0, T1 

and T2 groups, respectively. Likewise in study II, means for insulin in T0 was 11.05±0.09 

µU/mL followed by T1 (10.59±0.15 µU/mL) and T2 (10.34±0.65 µU/mL). Nonetheless, 

significant differences due to treatments were observed in study III comprising of high 

sucrose diet; T0 showed highest insulin level (14.34±0.41 µU/mL) that momentously 

decreased to 12.65±0.57 and 12.20±0.49 µU/mL in T1 and T2 groups, respectively. 

Considering the results of study IV, maximum insulin 16.34±0.59 µU/mL 
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Table 43. Effect of functional drinks on insulin (µU/mL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 9.33±0.51 9.15±0.68 9.14±0.71 0.284NS 

Study II 11.05±0.09 10.59±0.15 10.34±0.65 0.950NS 

Study III 14.34±0.41a 12.65±0.57b 12.20±0.49b 6.265** 

Study IV 16.34±0.59a 14.20±0.74b 13.65±0.67b 7.884** 

**= Highly significant 
 NS= Non significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
 

 



 128

was recorded in T0 (control drink) that significantly reduced to 14.20±0.74 µU/mL in T1 

(drink containing catechins) and 13.65±0.67 µU/mL in T2 (drink containing EGCG) groups. 

It is conspicuous from the Figure 14 that in study I and II, the treatments T1 and T2 led to 

non-momentous reduction in insulin level whereas in study III, the same treatments reduced 

insulin significantly by 11.79 and 14.92%, correspondingly as compared to control. Likewise 

in study IV, percent decrease of 13.10 and 16.46 in insulin was observed for T1 and T2 groups 

respectively. There was significant progression in plasma glucose and insulin concentrations 

in groups of rats provided sucrose rich diets. Increased triglycerides level due to diet may 

also contribute to enhancement in insulin however; the action was reversed by functional 

drinks containing EGCG or catechins and vice versa. 

Previous studies indicated that diets containing high amount of sucrose or fructose led 

to hyperinsulinemia resulting in insulin resistance that resembles type 2 diabetes (Huang et 

al., 2004). Moreover, such diets led to hypertriglyceridemia by increasing the formation of 

glycerol-3-phosphate, a precursor of lipid synthesis (Thorburn et al., 1989). Increased blood 

triglycerides level decreases the number of insulin receptors thereby reducing insulin 

sensitivity thus resulting in hyperinsulinemia (Biger et al., 1984). Additionally, diets rich in 

fructose decrease serum adiponectin level, an adipose-specific plasma hormone linked to 

development of type 2 diabetes and obesity (Goldstein and Scalia, 2004). Obesity, 

hyperlipidemia, hyperinsulinemia, high VLDL and low HDL levels are linked with the 

incidence of coronary diseases (Jeppesen et al., 1998).  

Green tea extract improves insulin resistance and glucose tolerance as it increases 

insulin activity by 15 times, confirmed by in vitro trial (Anderson and Polansky, 2002; 

Venables et al., 2008) and among catechins, epigallocatechin gallate (EGCG) showed 

marked effect on insulin related variables (Kao et al., 2000). Insulin like effect of green tea is 

due to its ability to stimulate adipocyte uptake of glucose (Broadhurst et al., 2000).  

Attenuation of insulin level with functional drinks in current exploration is supported 

by the work of Wu et al. (2004a); they elucidated reduction in blood insulin level of high 

fructose fed Sprague Dawley rats with green tea. They proposed that amelioration of insulin 

resistance by green tea is associated with increased expression of  
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Figure 14. Percent reduction in insulin as compare to control 
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glucose transporter (GLUT) IV. Murase et al. (2002) performed a rodent experiment and 

confirmed the hypoinsulinemic role of green tea catechins as they noted 78.9% reduction in 

insulin level that might be due to insulin like activity of green tea (Waltner-Law et al., 2002). 

Later, Wu et al., (2004b) delineated that green tea supplementation significantly lowers 

fasting plasma insulin levels (28%) in Sprague Dawley rats. Moreover they reported increase 

in insulin sensitivity with green tea as it improves the number of insulin receptor binding 

sites leading to higher glucose uptake. They also narrated that ability of green tea to enhance 

insulin sensitivity can be attributed to their antioxidative effect. Green tea  catechins 

suppresses the blood glucose and insulin level following carbohydrate ingestion in rats, 

might be due to its ability to inhibit the activity of amylase an enzyme vital for the 

breakdown of starch (Hara and Honda, 1990). 

Green tea mitigates high insulin levels; hypoinsulinemic capability of green tea could 

be attributed to its ability to improve insulin sensitivity (Miura et al., 2005; Islam and Choi, 

2007). HPLC fractionation has shown that majority of the insulin potentiating activity of 

green tea is due to the presence of epigallocatechin gallate, it diminishes diet-induced obesity 

and peripheral insulin resistance thereby reducing levels of circulating insulin (Anderson and 

Polansky, 2002). The reason being, dietary supplementation with EGCG potentially 

contributes to nutritional support program for the prevention and treatment of type 2 diabetes 

(Wolfram et al., 2006). According to Waltner-Law et al. (2002) EGCG decreases insulin 

level by reducing the production of glucose through inhibition of gluconeogenesis enzymes. 

However, according to He and Kies (1994), EGCG directly lowers insulin at the cellular 

level rather than via intestinal effect. 

Report of Li et al. (2006) explicated that in fructose fed insulin resistance hamster 

model, insulin level was decreased (52%) by green tea containing EGCG. They observed that 

deficient adiponectin level is one of the factors contributing towards insulin resistance. Green 

tea improves adiponectin level thus decreases insulin resistance. Similarly, Kuzu et al. (2008) 

observed significant reduction for this trait in Sprague Dawley rats fed on high fat diet with 

EGCG. In a research study, Bose et al. (2008) illustrated that EGCG momentously reduced 

insulin in diet induced obese mice. The effect of EGCG on insulin can partially be attributed 

to decrease in weight gain and body fat. EGCG may improve insulin sensitivity by increasing 
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glucose disposal in the muscle and decreasing expression of gluconeogenic enzymes 

(phosphoenolpyruvate carboxykinase and glucose-6-phosphatase) in the liver (Waltner-Law 

et al., 2002; Koyama et al., 2004; Wolfram et al., 2006). Bose et al. (2008) further observed 

that EGCG decreased plasma monocyte chemoattractant protein 1 (MCP-1) that may be a 

possible rout by which insulin resistance is improved (Kanda et al. 2006). EGCG mimics 

insulin; increases tyrosine phosphorylation of the insulin receptor and the insulin receptor 

substrate, and reduces gene expression of the gluconeogenic enzyme (Waltner-Law et al. 

2002). They also speculated that EGCG increases insulin sensitivity by inhibiting protein 

kinase C and increasing insulin receptor substrate mediated signaling. It is stated from the 

above all discussion that functional drinks containing active ingredients are valuable against 

hyperglycemia and hyperinsulinemia thus suitable in   dietary treatment for attenuation of 

these physiological threats.  

4.5.11. Glutathione  

Statistical analysis (F value) in Table 44 showed that functional drinks imparted 

significant effect on serum glutathione contents of rats in the entire efficacy trial. In study I, 

mean glutathione content for T0 (48.41±0.99 mg/L) was lower than that of T1 (49.78±1.85 

mg/L) and T2 (51.84±2.05 mg/L) groups. Likewise, in study II, T0 group consuming control 

drink showed lesser glutathione value 36.09±1.31 mg/L that increased to 41.81±3.46 and 

42.35±3.87 mg/L in T1 and T2 groups taking functional drinks, respectively. In study III, 

level for glutathione was 40.89±1.18 mg/L in T0 that elevated in T1 (45.56±2.77 mg/L) and 

T2 (46.19±3.22 mg/L) groups. In study IV, glutathione content was suppressed (32.32±2.86 

mg/L) in control group whereas high values 38.97±1.23 and 40.49±2.70 mg/L were observed 

in T1 and T2 groups, respectively. Figure 15 showed percent increase in serum glutathione 

contents; in study I, catechins enriched drink (T1) led to 2.82% improvement whilst EGCG 

containing drink (T2) resulted in 7.08% increase in glutathione content as compared to 

control. Similarly in study II, treatments T1 and T2 showed 15.86 and 17.35% raise, 

correspondingly for this trait. Glutathione content lowered by high sucrose diet in study III 

was improved by 11.42% in T1 and 12.97% in  T2 groups by the use of catechins and EGCG 

containing drinks, respectively. In study IV, 20.57 and 25.28% amplification was recorded in 

T1 and T2 groups, respectively.  
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Table 44. Effect of functional drinks on serum glutathione (mg/L) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 48.41±0.99b 49.78±1.85b 51.84±2.05a 6.501** 

Study II 36.09±1.31b 41.81±3.46a 42.35±2.87a 7.926** 

Study III 40.89±1.18b 45.56±2.77a 46.19±3.22a 4.499* 

Study IV 32.32±2.86b 38.97±1.23a 40.49±2.70a 14.521** 

* = Significant 
** = Highly significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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Figure 15. Percent increase in glutathione as compared to control 
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Glutathione (GSH) is a tripeptide, synthesized in the cytosol of cells performing functions 

like antioxidant defense by scavenging free radicals, detoxification and modulation of 

immune functions (DeLeve and Kaplowitz, 1990; Suthanthiran et al., 1990; Lu, 2009). GSH 

performs liver detoxification reactions by preserving the structural integrity of cells & 

organelle membranes through formation of conjugates with reactive xenobiotic metabolites 

(Ramesh et al., 2009). Mitochondrial respiration results in the formation of superoxide and 

hydrogen peroxide radicals leading to lipid peroxidation and cell injury. The process is 

prevented by glutathione through reduction of hydrogen peroxide in presence of selenium 

dependent glutathione peroxidase (Lu, 2009).  

Role of glutathione in improving the oxidative stress has been illuminated in many 

research investigations. According to Babu et al. (2006), glutathione performs antioxidant 

defense by detoxifying reactive oxygen species directly or in glutathione peroxidase 

catalyzed mechanism. Glutathione reduces free radicals through conjugation of electrophiles 

by glutathione transferase and oxido-reduction cyclic glutathione transformation, controlled 

by glutathione peroxidase and glutathione reductase (Lash, 2005). Decreased glutathione 

level reflects its high utilization due to oxidative stress (Anuradha and Selvam, 1993); 

defined as disturbance in the balance between the production of reactive oxygen species 

(hydroxyl radical and superoxide anion) and antioxidant defense, may cause tissue injury 

(Betteridge, 2000).  

According to the theory of aging, amplified production of free radicals and oxidative 

stress are foundation for age related functional corrosions and neural disintegration (Harman, 

1994). Numerous age-related disorders including cardiovascular complications, cancer and 

diabetes are linked with alteration in body antioxidant balance (Polidori, 2003; Junqueira et 

al., 2004). 

It is established that polyphenols are involved in plummeting the disease risks, allied 

with oxidative stress (Muselík et al., 2007) and role of natural products against this syndrome 

has been expounded by different scientists. Bansal et al. (2005) and Celik et al. (2006) 

reported that plants rich in bioactive molecules may contribute in strengthening antioxidant 

status of the body. Green tea possesses antioxidant activity (Koo and Noh, 2007) and its 

consumption improves overall antioxidant status thus protects from oxidative damage (Erba 
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et al., 2005). Attenuation in antioxidant status confirms the normal functioning of the human 

body (Janero, 1990; Rio et al., 2005). Among promising components of green tea catechins, 

EGCG is a powerful antioxidant that traps peroxy radicals (Saffari and Sadrzadeh, 2004) and 

exhibits multifarious properties (Cabrera, 2006).  

Lifestyle disorders including obesity and hypercholesterolemia lead to oxidative 

stress because of excessive production of reactive oxygen species (Furukawa et al., 2004; 

Chenni et al., 2007). Likewise, Feillet-Coudray et al. (2009) indicated that high fat+high 

sucrose diet uplifts lipid and protein oxidation, resulting in oxidative stress. However, in 

hypocholesterolemic patients marked increase in total antioxidant potential was noted after 

green tea consumption (Santana et al., 2008).  

 Various studies have proven the ability of phenolic rich extracts to increase the blood 

glutathione level (Škottová et al., 2001; Škottová et al., 2003) thus supported the instant 

results of increased serum GSH content with functional drink carrying active ingredients. Tea 

prevents decrease in GSH concentrations in experimental animals (Frei, and Higdon, 2003) 

as polyphenols have the ability to take part in vitamin E recycling (Zhu et al., 1999) thus 

complements the GSH functions. Moreover, green tea ameliorates the glutathione activity by 

preventing the oxidative damage through reduction of aspartate aminotransferase and uric 

acid concentration (Panza et al., 2008). 

It has been reported that provision of EGCG for 5 weeks in rats increases glutathione 

level along with supression in lipid peroxidation (Skrzydlewska et al., 2002) occurring due to 

hydroxyl group carrying free radicals (Saija et al., 1995) supported the present findings of 

enhanced serum GSH level with drink enriched with EGCG. This active fraction binds 

hydroxyl group thereby preventing the lipid peroxidation. Furthermore, EGCG increases 

hepatic glutathione content (Arteel et al., 2002).  

Diet rich in sucrose is a gateway for reduction of glutathione level both in blood and 

liver (Škottová et al., 2004). In this context, diabetic rats showed significant decrease in 

serum glutathione content might be due to increased utilization of GSH for scavenging free 

radicals. Green tea flavanols reduce the utilization of GSH by scavenging free radicals 

thereby exhibiting an increase in glutathione content (Babu et al., 2006). Kuzu et al. (2008) 
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conducted an experiment to determine the effect of EGCG on glutathione contents of 

Sprague Dawley rats. They observed reversion in reduced glutathione contents with EGCG.  

It is concluded from the present experiment that functional drinks carrying active 

ingredients are capable in uplifting serum glutathione level however, EGCG enriched drink 

showed better performance than catechins containing drink. Therefore use of functional 

beverages could be an effectual approach against oxidative disarrays. 

4.5.12. Thiobarbituric acid reactive substances (TBARS) 

It is obvious from the statistical analysis (F values) that serum thiobarbituric acid 

reactive substances (TBARS) were affected significantly by functional drinks enriched with 

active ingredients in all studies except for study I (Table 45). Mean values for TBARS in 

study I were 7.47±0.32, 7.17±0.41 and 6.95±0.27 µmol/L for T0, T1 and T2 groups, 

respectively. High TBARS value noted for T0 (8.56±0.34 µmol/L) in study II was 

significantly reduced in T1 (7.83±0.55 µmol/L) and T2 (7.38±0.69 µmol/L) groups. Likewise 

in study III, momentous reduction was noted for this trait; 7.96±0.46 and 7.62±0.51 µmol/L 

in T1 and T2, respectively as compared 8.87±0.28 µmol/L in T0 group. Similar diminishing 

trend in groups consuming the functional drinks was recorded for TBARS in study IV and 

value for T0 was 10.13±0.75 µmol/L that reduced substantially to 8.29±0.38 and 7.96±0.64 

µmol/L in T1 and T2 groups, respectively. Figure 16 depicted percent reduction in TBARS 

values among different groups of rats taking functional drinks, fed on varying diets. In study 

I, non-momentous decrease of 4.01 and 6.9% as compared to control was observed in T1 and 

T2 groups, respectively. Significant reduction in TBARS value was observed in study II, i.e. 

8.5% in T1 and 13.7% in T2 groups that consumed functional drinks enriched with catechins 

and EGCG, respectively. In study III, similar declining pattern in TBARS was recorded and 

there observed 10.2 and 14% reduction for this trait in T1 and T2 groups, respectively. 

However in study IV, 18.1 and 21.4% decrease was noted in T1 and T2 groups, 

correspondingly. 

 Camargo et al. (2006) performed in vitro assay to check antioxidant ability of green 

tea polyphenols. They reported reduced lipid peroxidation by green tea in microsomes 

induced by tert-Butyl hydroperoxide (oxidizing agent capable of promoting 
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Table 45. Effect of functional drinks on serum TBARS (µmol/L) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 7.47±0.32 7.17±0.41 6.95±0.27 2.410
NS

 

Study II 8.56±0.34a 7.83±0.55ab 7.38±0.69b 5.137* 

Study III 8.87±0.28a 7.96±0.46b 7.62±0.51b 5.676** 

Study IV 10.13±0.75a 8.29±0.38b 7.96±0.64b 15.175** 

* = Significant 
** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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 Figure 16. Percent reduction in TBARS as compared to control 
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lipid peroxidation) indicated by lower TBARS. Lipid peroxidation plays pivotal role not only 

in the development of various pathogenesis but also in processes linked with aging (Santillo 

et al., 1996). Catechins are water soluble, holding ability to decrease lipid peroxidation by 

scavenging free oxygen radicals (Zhao et al., 1989). Antioxidant activity of catechins is 

attributed to their structural chemistry as their ortho-trihydroxy group has ability to scavenge 

free radicals and EGCG is the most important antioxidant due to possession of four 

dihydroxy groups thus effective against oxidative stress (Dufresne and Farnworth, 2001; Liao 

et al., 2001; Yin et al., 2008). 

High cholesterol diet causes increase in plasma TBARS; marker of lipid peroxidation. 

Chenni et al. (2007) reported that in rats, cholesterol feeding increased their TBARS value to 

10.76±1.18 µmol/L. In another research study, cholesterol feeding to SD rats raised their 

TBARS to 13.29±0.71 µmol/L (Park et al., 2002). High cholesterol diet in mice uplifted 

TBARS value to 30.3±4.17 µmol/L that significantly decreased by catechins to 20.0±4.90 

µmol/L (Miura et al., 2001). Likewise, Ohara et al. (1993) illustrated positive correlation of 

free radical generation with plasma total cholesterol and triacylglycerol concentrations. 

Zhang et al. (2002) supported present investigation as they explicated significant reduction in 

serum TBARS (14.1%) of rats fed on 2% powdered green tea (PGT) as compared to control. 

According to Nakamura et al. (2001), administration of green tea polyphenols for 23 days in 

rats modeling significantly decreased (32%) serum thiobarbituric acid reactive substances.  

Sucrose rich diets caused significant increase in plasma and liver TBARS that 

decreased by phenolics (Škottová et al., 2004). Increase in TBARS value may be due to high 

level of oxygen free radicals generated by imbalance diet however, animal studies have 

proven ability of tea polyphenols to lower the TBARS credited to their antioxidant activity 

(Frei and Higdon, 2003). Another proposed route for reduction of free oxygen species by 

catechins is to chelate iron and copper to avoid their contribution in Fenton and Haber–Weiss 

reactions with ultimate reduction in TBARS (Dufresne and Farnworth, 2001). 

Present investigation is supporting the notion that functional drink carrying active 

ingredients of green tea (catechins or EGCG) can be used as an intervention against oxidative 

stress and allied disorders by improving the antioxidant status through reduction of free 

radicals. 
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4.5.13. Safety Evaluation  

Evaluation of functional food/beverage through animal modeling is mandatory to 

assess the safety concerns before marketing. Accordingly, safety evaluation of the prepared 

functional drinks was also carried out to find out its impact on serum biochemistry.  

4.5.13.1. Liver function tests 

Liver function tests including alanine transaminase (ALT), aspartate transaminase 

(AST), alkaline phosphatase (ALP) and bilirubin were carried out for safety view point. 

4.5.13.1.1. Alanine transaminase (ALT) 

It is deduced from the F values (Table 46) that treatments significantly affected serum 

ALT level in all studies except study I. Mean values for T0, T1 and T2 groups in study I were 

42.04±1.24, 42.85±2.52 and 41.50±1.76 IU/L, respectively. However in study II higher ALT 

value (52.32±3.72 IU/L) was noted in T0 group consuming control drink that reduced in T1 

(42.57±2.44 IU/L) and T2 (41.33±2.12 IU/L) groups taking functional drinks. Likewise in 

study III, mean for ALT in T0 was 48.09±2.25 IU/L that decreased to 42.57±1.44 IU/L in T1 

and 43.14±2.26 IU/L in T2. In study IV, mean for T0 was 54.28±3.93 IU/L whereas T1 and T2 

groups provided functional drink showed significant reduction in ALT level i.e. 46.55±2.76 

and 45.07±3.41 IU/L, respectively. 

Liver is an important organ for the detoxification and deposition of endogenous and 

exogenous substances. ALT and AST are important serum enzymes as their varied 

concentrations indicate liver dysfunctioning (Wang et al., 2007). A number of natural/herbal 

products used against liver injury possess one or combination of antioxidant, antifibrotic, 

immune modulatory or antiviral activities (Seeff et al., 2001; Lee and Jeong, 2002; Shin et 

al., 2006).  

Hypercholesterolemia leads to malfunctioning of the liver due to the intracellular 

deposition of lipids assessed by increased serum alkaline phosphatase and transaminase. 

Additionally, higher production of reactive oxygen species (ROS) due to cholesterol rich 
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Table 46. Effect of functional drinks on serum ALT (IU/L) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 42.04±1.24 42.85±2.52 41.50±1.76 1.265NS 

Study II 52.32±3.72a 42.57±2.44b 41.33±2.12b 20.046** 

Study III 48.09±2.25a 42.57±1.44b 43.14±2.26b 5.527** 

Study IV 54.28±3.93a 46.55±2.76b 45.07±3.41b 12.056** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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diets results in oxidative stress. ROS attack polyunsaturated fatty acids in cell membrane 

resulting in lipid peroxidation products leading to structural and functional cell damage 

(Kuper et al., 2000). The levels of ALT, ALP, AST and bilirubin are altered thereby 

damaged structural integrity of the liver, as they are present in cytoplasm and are released in 

blood circulation after cellular damage (Recknagel et al., 1989; Dobrzyńska et al., 2004). 

Increased activities of serum ALT, AST and ALP in rats fed on atherogenic diet are reversed 

with intraperitoneal injection of green tea catechins (Ramesh et al., 2009). 

Recently, Noori et al. (2009) investigated the effect of green tea against carbon 

tetrachloride (CCl4) induced liver cirrhosis in rodents modeling. Plasma alanine 

aminotransferase (ALT) was much lower in orally treated green tea group confirming its 

vitality against liver dysfunctions. Yasuda et al. (2009) revealed that 0.1% solution of EGCG 

in drinking water decreases serum AST and ALT raised by CCL4 in rat modeling thus cures 

liver complications. Bose et al. (2008) also illustrated that ALT concentrations were reduced 

in EGCG treated high fat diet obese mice group. Likewise, Kuzu et al. (2008) mentioned that 

EGCG administration to Sprague Dawley rats for six weeks along with high fat diet (HFD) 

caused significant reduction in plasma ALT. 

4.5.13.1.2. Aspartate aminotransferase (AST) 

F values in Table 47 revealed non-substantial effect of treatments on AST in study I 

whilst remaining studies were affected significantly. Mean AST values for T0, T1 and T2 

groups in study I were 122.29±4.44, 125.66±5.83 and 121.46±5.89 IU/L, respectively. Means 

pertaining to AST level in study II, showed high value in T0 (176.29±9.34 IU/L) as compared 

to T1 (133.22±6.39 IU/L) and T2 (130.85±6.24 IU/L). High sucrose diet (study III) given to 

rats resulted in elevated AST level in T0 (149.10±7.20 IU/L) group provided drink without 

any active ingredients whilst its level was comparatively low in T1 (132.54±5.32 IU/L) and 

T2 (134.71±7.60 IU/L) groups consuming enriched functional drinks. Likewise in study IV, 

AST value for T0 was 186.56±9.52 IU/L followed by T1 and T2 groups having mean values 

137.56±8.86 and 128.39±5.01 IU/L, respectively for this trait. 

Feillet-Coudray et al. (2009) elucidated that diet rich in sucrose and fat leads to 

increased lipid peroxidation products resulting in oxidative stress however, green tea 



 143

 

 

 

 

Table 47. Effect of functional drinks on serum AST (IU/L) in different studies 

Studies  
Treatments 

F value 
T0 T1 T2 

Study I 122.29±4.44 125.66±5.83 121.46±5.89 1.681NS 

Study II 176.29±9.34a 133.22±6.39b 130.85±6.24b 25.468** 

Study III 149.10±7.20a 132.54±5.32b 134.71±7.60b 3.683* 

Study IV 186.56±9.52a 137.56±8.86b 128.39±5.01b 35.424** 

* = Significant 
** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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provides protection against oxidative damage thereby lowering aspartate aminotransferase 

(AST) activity (Panza et al., 2008). Earlier, Hassan et al. (2007) used carbon tetrachloride 

induced hepatotoxic rats to evaluate the protective role of green tea. They reported reduction 

in liver AST level with green tea.  

In diabetic rats, treatment of green tea extract (300mg/kgbodyweight/day) 

significantly lowers serum AST, proving its worth as therapeutic agent in diabetes 

complications (Babu et al., 2007). EGCG is an effective antioxidant (Yin et al., 2008) and its 

0.1% solution decreases serum AST and ALT raised by CCL4  in rat modeling, thus acts as 

remedy for liver complications (Yasuda et al., 2009). 

4.5.13.1.3. Alkaline phosphatase (ALP) 

It is obvious from the F values that ALP level was substantially affected by 

treatments in all studies except for study I (Table 48). Mean ALP values in study I (normal 

diet) for T0, T1 and T2 groups were 169.60±8.47, 168.25±10.13 and 170.72±7.58 IU/L, 

respectively.  In study II, supply of high cholesterol diet to rats lifted their ALP level to 

266.14±7.69 IU/L in T0 group consuming control drink whereas its value was decreased in T1 

and T2 groups consuming catechins and EGCG enriched drinks to 203.86±6.10 and 

196.51±8.34 IU/L, respectively. Likewise in study III, higher ALP value was recorded in T0 

(255.00±9.53 IU/L) as compared to T1 (192.45±8.75 IU/L) and T2 (195.46±9.24 IU/L) 

groups. Mean ALP value in study IV for T0 group was 306.63±11.90 followed by T1 

(235.61±7.86 IU/L) and T2 (234.79±6.91 IU/L) groups. 

Hassan et al. (2007) reported reduction in ALP level after treatment with green tea. 

Ramesh et al. (2009) determined the role of tea catechins in rats with hepatic oxidative 

abnormalities and highlighted that intraperitoneal injection of tea catechins decreased 

activities of serum AST, ALT and ALP. 

4.5.13.1.4. Bilirubin 

 It is deduced from the F values that effect of treatments was non-significant in study I 

whilst for rest of the studies substantial behavior was observed. Mean values for T0, T1 and 

T2 groups in study I were 0.71±0.03, 0.72±0.04 and 0.74±0.05 mg/dL, respectively. 

However in study II, higher bilirubin value (1.21±0.09 mg/dL) noted in T0



 145

 

 

 

 

Table 48. Effect of functional drinks on serum ALP (IU/L) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 169.60±8.47 168.25±10.13 170.72±7.58 0.199NS 

Study II 266.14±7.69a 203.86±6.10b 196.51±8.34b 26.075** 

Study III 255.00±9.53a 192.45±8.75b 195.46±9.24b 24.020** 

Study IV 306.63±11.90a 235.61±7.86b 234.79±6.91b 22.443** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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group was reduced in T1 (0.89±0.07 mg/dL) and T2 (1.03±0.08 mg/dL) groups consuming 

functional drinks. Likewise in study III, bilirubin in T0 was 1.02±0.07 mg/dL that decreased 

to 0.69±0.04 mg/dL in T1 and 0.73±0.06 mg/dL in T2. In study IV, mean for bilirubin in T0 

was 1.26±0.08 mg/dL whereas T1 and T2 groups showed significant reduction i.e. 0.79±0.05 

and 0.96±0.08 mg/dL, respectively (Table 49). 

 Increased serum activities of total bilirubin, AST, ALP and ALT reveal cellular 

leakage and loss of functional integrity of cell membrane in liver (Mukherjee, 2003). The 

reduction in their levels confirms stabilization of plasma membranes as well as restoration of 

hepatic tissue damage (Lin et al., 2008). Recently, Morita et al. (2009) carried out an 

experiment to determine safety assessment of green tea catechins; they reported non-

momentous effect on serum chemistry including bilirubin. Likewise, Chengelis et al. (2008) 

also affirmed the safety issues of green tea catechins using up to 2000mg/kg/day; reported 

non-significant effect on markers of liver toxicity including AST, ALP, ALT and bilirubin. 

4.5.13.2. Kidney functioning tests 

Kidney functioning tests were also carried out to assess the safety of functional 

drinks.  

4.5.13.2.1. Urea 

The F values indicated non-significant effect of functional drinks on serum urea in 

study I however, momentous behavior was observed in rest of the studies (Table 50). In 

study I, mean values for urea in T0, T1 and T2 groups were 25.72±1.72, 24.93±0.86 and 

25.41±1.43 mg/dL, respectively. In study II, there was noted high urea level 33.98±1.52 

mg/dL in T0 group that reduced to 26.85±0.50 mg/dL in T1 and 28.73±1.18 mg/dL in T2 

group with concurrent intake of functional drinks containing active ingredients. Similarly in 

study III, rats showed uplifted urea level (30.70±2.18 mg/dL) in T0 group whereas its level 

reduced to 27.03±1.52 and 25.76±0.85 mg/dL in T1 and T2 groups, respectively. Maximum 

urea was in T0 group (38.26±1.96 mg/dL) followed by T1 (31.92±2.58 mg/dL) and T2 

(34.33±2.80 mg/dL) in study IV. 
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Table 49. Effect of functional drinks on serum bilirubin (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 0.71±0.03 0.72±0.04 0.74±0.05 1.385NS 

Study II 1.21±0.09a 0.89±0.07c 1.03±0.08b 24.274** 

Study III 1.02±0.07a 0.69±0.04b 0.73±0.06b 49.885** 

Study IV 1.26±0.08a 0.79±0.05c 0.96±0.08b 56.157** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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 Table 50. Effect of functional drinks on serum urea (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 25.72±1.72 24.93±0.86 25.41±1.43 0.827NS 

Study II 33.98±1.52a 26.85±0.50b 28.73±1.18b 14.264** 

Study III 30.70±2.18a 27.03±1.52b 25.76±0.85b 8.041** 

Study IV 38.26±1.96a 31.92±2.58b 34.33±2.80b 7.891** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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High serum urea and creatinine concentrations reflect abnormal kidney functioning 

(Kataya and Hamza, 2008). Renno et al. (2008) proved the ability of tea catechins to 

normalize elevated level of urea. They mentioned significantly high urea nitrogen in serum of 

diabetic Sprague Dawley rats that reduced substantially by provision of green tea. In present 

findings though effect of functional drinks was significant on serum urea of rats provided 

cholesterol and sucrose rich diets but values were within normal limits. 

4.5.13.2.2. Creatinine 

 The results showed non-significant effect of treatments on creatinine level in study I 

whereas significant behavior for this trait was observed in study II, III and IV (Table 51). In 

study I, mean values for creatinine were 0.81±0.05, 0.78±0.04 and 0.80±0.05 mg/dL for T0, 

T1 and T2 groups, respectively. Likewise in study II, means for creatinine in T0 was 

1.16±0.09 mg/dL followed by significant reduction in T1 (0.82±0.05 mg/dL) and T2 

(0.97±0.06 mg/dL). In study III comprising of high sucrose diet, T0 showed highest creatinine 

level (0.99±0.07 mg/dL) that momentously decreased to 0.76±0.04 and 0.85±0.05 mg/dL in 

T1 and T2 groups, respectively. Considering the results of study IV, maximum creatinine 

1.25±0.09 mg/dL was recorded in T0 group (control drink) that significantly reduced to 

0.87±0.06 mg/dL in T1 (drink containing catechins) and 0.94±0.07 mg/dL in T2 (drink 

containing EGCG) groups. 

The work of Sabu et al. (2002) supported the present finding of reduced creatinine by 

function drinks as they recorded significant reduction in serum creatinine level of diabetic 

rats by administration of green tea polyphenols. Likewise, Renno et al. (2008) observed 

similar declining trend in serum creatinine level by use of green tea solution as drinking 

source in diabetic rats.  

4.5.13.3. Serum proteins 

Serum proteins include total proteins, albumin, globulins and A/G ratio were 

estimated to establish safety of product. 

4.5.13.3.1. Total proteins 

The F values in Table 52 indicated non-significant effect of functional drinks on 
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Table 51. Effect of functional drinks on serum creatinine (mg/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 0.81±0.05 0.78±0.04 0.80±0.05 0.790NS 

Study II 1.16±0.09a 0.82±0.05c 0.97±0.06b 27.395** 

Study III 0.99±0.07a 0.76±0.04c 0.85±0.05b 16.119** 

Study IV 1.25±0.09a 0.87±0.06b 0.94±0.07b 36.819** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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Table 52. Effect of functional drinks on serum total proteins (g/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 6.48±0.33 6.29±0.49 6.40±0.02 0.771NS 

Study II 6.82±0.56 7.02±0.57 6.85±0.34 0.195NS 

Study III 7.26±0.30 7.09±0.48 7.20±0.49 0.116NS 

Study IV 7.06±0.58 7.38±0.42 7.35±0.31 0.469NS 

NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 

T2 : Drink containing EGCG 
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total proteins in different groups of rats. In study I, value for total proteins were 6.48±0.33, 

6.29±0.49 and 6.40±0.02 g/dL in T0, T1 and T2 groups, respectively. Likewise in study II, 

level of total proteins was 6.82±0.56 g/dL in T0, 7.02±0.57 g/dL in T1 and 6.85±0.34 g/dL in 

T2. In study III, protein values for T0, T1 and T2 groups were 7.26±0.30, 7.09±0.48 and 

7.20±0.49 g/dL whereas 7.06±0.58, 7.38±0.42 and 7.35±0.31 g/dL, respectively in study IV. 

Morita et al. (2009) reported non-significant effect of green tea catechins up to dose 

of 1200 mg/kg/day on serum total proteins of Sprague Dawley rats. Likewise, Kao et al. 

(2000) expounded non-momentous effect of green tea epigallocatechin gallate on this trait. 

4.5.13.3.2. Albumin 

F values showed significant effect of functional drinks on the albumin protein in 

study II and IV however non-substantial effect was noted in study I and III (Table 53). In 

study I, mean albumin values were 3.18±0.24, 3.11±0.22 and 3.12±0.15 g/dL in T0, T1 and T2 

groups, respectively. Albumin level for T0 group in study II was 3.05±0.14 g/dL that raised 

significantly in T1 and T2 groups to 3.86±0.11 and 3.62±0.25 g/dL, respectively. In study III, 

albumin values for T0, T1 and T2 groups were 3.52±0.27, 3.52±0.13 and 3.46±0.29 g/dL, 

respectively. In study IV, albumin level (3.17±0.12 g/dL) in T0 group was comparatively 

lower than T1 (3.85±0.20 g/dL) and T2 (3.70±0.21 g/dL) groups consuming functional drinks. 

Chengelis et al. (2008) mentioned non-momentous effect on serum albumin content 

of male and female rats during 28 days study period. Malley et al. (2007) reported the values 

i.e. 6.8-7.9, 3.8-4.2, 3.1-3.7 g/dL for total proteins, albumin and globulin, respectively that 

are in line with instant findings as serum albumin was in range  

from 3.05±0.34 to 3.86±0.61 g/dL. In present investigation though albumin level was 

increased momentously in study II and IV but values were within normal range.  

4.5.13.3.3. Globulin  

The F values in Table 54 showed non-significant effect of functional drinks on serum 

globulin level in all studies except study II. In study I, mean values for globulin 
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Table 53. Effect of functional drinks on serum albumin (g/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 3.18±0.24 3.11±0.22 3.12±0.15 0.222NS 

Study II 3.05±0.14b 3.86±0.11a 3.62±0.25a 6.428** 

Study III 3.52±0.27 3.52±0.13 3.46±0.29 0.060NS 

Study IV 3.17±0.12b 3.85±0.20a 3.70±0.21a 4.596* 

* = Significant 
** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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Table 54. Effect of functional drinks on serum globulins (g/dL) in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 2.79±0.13 2.71±0.17 2.80±0.15 0.781NS 

Study II 3.25±0.24a 2.65±0.16b 2.72±0.13b 7.661** 

Study III 3.20±0.22 3.03±0.26 3.17±0.28 0.420NS 

Study IV 3.29±0.22 2.95±0.15 3.02±0.25 1.879NS 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol + high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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were 2.79±0.13, 2.71±0.17 and 2.80±0.15 g/dL for T0, T1 and T2 groups, respectively. 

Globulin level for T0 group in study II was 3.25±0.24 g/dL that reduced momentously in T1 

and T2 groups to 2.65±0.16 and 2.72±0.13 g/dL, respectively. In study III groups T0, T1 and 

T2 showed globulin level of 3.20±0.22, 3.03±0.26 and 3.17±0.28 g/dL, respectively. 

Likewise in study IV, globulin level for T0, T1 and T2 groups was 3.29±0.22, 2.95±0.15 and 

3.02±0.25 g/dL, correspondingly. 

In present investigation effect of functional ingredient on serum globulin was non-

substantial except for study II in which declining trend was recorded nonetheless, values 

were within safe limit.  

4.5.13.3.4. A/G ratio 

 F values in Table 55 indicated that A/G ratio was affected non-significantly by 

functional drinks in study I and III whereas momentous affect was observed in study II and 

IV. Mean values for A/G ratio for T0, T1 and T2 groups in study I were 1.14±0.07, 1.15±0.09 

and 1.12±0.06, respectively. In study II, A/G ratio in T0 group was 0.95±0.04 that 

momentously increased to 1.47±0.05 in T1 and 1.34±0.02 in T2 groups. In study III, mean 

values for A/G ratio were 1.12±0.05, 1.18±0.04 and 1.10±0.06 for T0, T1 and T2 groups, 

respectively. Likewise in study IV, A/G ratio was 0.98±0.07 in T0 group that substantially 

increased to 1.32±0.09 in T1 and 1.23±0.07 in T2. 

From present exploration it is observed that values for liver and kidney functioning 

tests were within normal range showing the acceptability of product. Moreover, protein 

related parameters showed non-momentous differences though some of values behaved 

substantially but were within normal range proving the functional worth of prepared drinks. 

Considering above all results, it is concluded that functional drinks are risk free and could be 

used against various ailments. 



 156

 
 
 
 
Table 55. Effect of functional drinks on serum A/G ratio in different studies 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 1.14±0.07 1.15±0.09 1.12±0.06 0.350NS 

Study II 0.95±0.04b 1.47±0.05a 1.34±0.02a 17.574** 

Study III 1.12±0.05 1.18±0.04 1.10±0.06 0.561NS 

Study IV 0.98±0.07b 1.32±0.09a 1.23±0.07a 9.298** 

** = Highly significant 
NS = Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: High sucrose diet 
Study IV: High cholesterol+ high sucrose diet 
 

T0 : Control drink (without active ingredients) 
T1 : Drink containing catechins 
T2 : Drink containing EGCG 
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CHAPTER 5 

     SUMMARY 

Green tea (Camellia sinensis) has distinct nutritional profile with special reference to 

catechins and EGCG and can be used in diet based therapy to cure various maladies. The 

present project was an attempt to explore the functional/nutraceutical role of green tea 

against various lifestyle-related disorders including dyslipidemia, hyperglycemia, 

hyperinsulinemia and oxidative stress. For the purpose, characterization of green tea was 

carried out followed by product development phase and finally efficacy trials in experimental 

rats modeling. The core objective of the research study was to investigate the effect of green 

tea catechins against various physiological threats.  

Nutritional profile of green tea showed that it contained 4.88±0.09, 18.06±1.06, 

2.49±0.13, 15.35±1.05, 5.60±0.21 and 53.68±1.75 % of moisture, proteins, fat, fiber, ash and 

NFE, respectively. Mineral composition revealed that sodium, potassium, calcium, 

magnesium, iron and zinc were 7.55±0.14, 1703.13±51.50, 374.75±19.65, 65.22±3.83, 

20.53±0.76, 3.06±0.12 mg/100g, respectively. Total polyphenols contents were found to be 

30.31±1.78% whereas alkaloids 2.51±0.09%.  

Different solvents (aqueous ethanol, aqueous methanol and water) and extraction 

times (20, 40 and 60 min) were used to optimize extraction efficiency of active ingredients. 

Among solvents, aqueous ethanol resulted in better extraction yield of catechins (3.85±0.27 

g/25g) followed by aqueous methanol (3.12±0.25 g/25g) and water (2.84±0.13 g/25g). 

Regarding extraction time, 40 min led to maximum recovery of catechins (3.64±0.17 g/25g) 

from green tea rather than 20 min (2.84±0.15 g/25g) and 60 min (3.33±0.29 g/25g). Thus 

ethanol at 40 min proved to be best for highest catechins extraction from green tea. 

Epigallocatechin gallate (EGCG), a major component of catechins was also separated 

through solvent partition method for further use in the functional drink preparation.  

Quantification of various catechins fractions through HPLC pointed out that among 

four major catechins, EGCG was the dominating fraction present in an amount of 66.71±4.70 

mg/g of green tea, whereas other fractions including EGC, ECG and EC were in lesser 
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quantity and their respective values were 37.86±2.70 mg/g, 23.59±2.04 mg/g and 5.59±0.47 

mg/g of green tea. 

Furthermore, in vitro analysis of extracted catechins fractions and EGCG was carried 

out to check their antioxidant potential. Antiradical (DPPH assay) and antioxidant activity 

revealed that catechins obtained from aqueous ethanol at 40 min showed maximum activities 

76.36±2.40 and 64.37±2.29%, respectively whereas DPPH scavenging and antioxidant 

activity of EGCG fraction was 92.35±2.27 and 81.74±3.67%, respectively. However, effect 

of catechins and EGCG on glucose diffusion was found to be non-momentous. 

Functional drink (Green Cool) was prepared by adding catechins and EGCG @ 

550mg/500mL in the respective treatments namely T1 and T2. Total soluble solids of the 

prepared drinks were non-momentously affected by storage. Values for the pH of drinks were 

significantly decreased to 4.46±0.07, 4.41±0.062 and 4.39±0.061 T0, T1 and T2, respectively 

whereas increasing trend in acidity was observed during storage. Mean squares pertaining to 

color tonality of drinks measured through CIELAB colorimeter showed non-substantial 

effect of treatment and storage on L*, b*, chroma and hue angle nevertheless value for  a* 

was effected significantly. Decreasing trend in a* value of drinks with storage indicated 

reduction in greenish shade. Sensory attributes like color, flavor, sweetness, sourness and 

overall acceptability of functional drinks were evaluated on the basis of 9-point hedonic scale 

by five panelists. Means squares for sensory evaluation showed non-significant differences 

due to treatments, storage and their interaction except for sweetness. During storage, 

sweetness scores of the drinks T0, T1 and T2 were reduced from 7.46±0.16 to 6.84±0.13. In 

the current exploration, addition of catechins and EGCG to functional drinks did not impart 

any adverse effect on the hedonic response. Moreover,  

scores for sensory evaluation remained in acceptable limit showing their suitability for 

further use. 

Efficacy trials were conducted to explore the nutraceutical worth of functional drinks 

against lifestyle disorders resulting from consumption of high cholesterol, high sucrose and 

high cholesterol+high sucrose diets. For the purpose, four types of studies were carried out 

on the basis of diets i.e. study I (normal diet), study II (high cholesterol diet), study III (high 

sucrose diet), study IV (high cholesterol+high sucrose diet) with simultaneous availability of 
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respective drinks in Sprague Dawley rats. In study I (normal diet), intake of functional drinks 

containing catechins (T1) and EGCG (T2) resulted in significant reduction in body weight of 

rats as mean at 8th week of control group was 239.40±16.01 g/rat comparatively higher than 

T1 and T2 groups i.e. 219.22±17.56 and 222.70±11.21 g/rat, respectively. In study II, supply 

of high cholesterol diet to rats resulted in increased body weight to 271.38±22.85 g/rat in T0 

at 8th week that decreased to 242.25±17.91 g/rat in T1 and 248.33±22.52 g/rat in T2 groups. 

In study III, high sucrose diet given to the rats participated significantly in increasing weight 

in all groups but like study II, effect was more pronounced in T0 (262.74±14.18 g/rat) than 

that of T1 (236.14±15.78 g/rat) and T2 (235.18±17.88 g/rat) groups. Consumption of high 

cholesterol+high sucrose diet by rats during 8 weeks of trial in study IV resulted in 

significant weight gain in all treatments with more noticeable effect in T0 (279.45±8.24 g/rat) 

as compared to T1 (257.59±12.83 g/rat) and T2 (260.85±11.29 g/rat) groups. In study I, 

reduction of 8.43 and 6.98% was observed in T1 and T2 groups due to catechins and EGCG 

containing drinks, respectively as compared to control. In study II more decrease in body 

weight was observed in T1 (10.73%) as compared to T2 (8.49%) group. However in study III, 

a declining tendency in body weight 10.12 and 10.49% was noted for T1 and T2 groups, 

respectively whereas in study IV, functional drinks T1 (catechins) and T2 (EGCG) led to 7.82 

and 6.66% decrease. Thus drinks carrying active ingredients led to significant reduction in 

body weight proving their antiobesity perspectives. 

Regarding lipid profile maximum cholesterol was recorded for T0 group (78.64±3.07 

mg/dL) in study I, followed by T1 (74.73±2.34 mg/dL) and T2 (76.46±2.42 mg/dL) groups. In 

study II (high cholesterol diet), group T0 showed highest value for cholesterol 147.02±7.83 

mg/dL that significantly reduced to 126.42±4.47 mg/dL in T1 and 130.09±7.77 mg/dL in T2. 

Study III, comprised of high sucrose diet resulted in high cholesterol (128.74±5.60 mg/dL) in 

T0 however, the value for this trait was reduced in T1 (113.84±6.93 mg/dL) and T2 groups 

(116.79±5.36 mg/dL). Maximum value for cholesterol in study IV was observed in T0 

(155.02±8.36 mg/dL) that momentously reduced in T1 (132.67±6.90 mg/dL) followed by T2 

(135.42±6.33 mg/dL) group that consumed catechins and EGCG enriched drinks, 

respectively. Considering the percent reduction in cholesterol, in study I drink T1 resulted in 

4.96% and T2 in 2.77% decrease as compared to control. Likewise, similar diminishing trend 

for this trait was noted in study II and provision of drink containing catechins resulted in 
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14.01% decrease in cholesterol followed by 11.52% by drink enriched with EGCG. In study 

III, decrease of 11.50 and 9.28% was observed in T1 and T2 groups, respectively. However in 

study IV, 14.40 and 12.64% decline was recorded in T1 and T2 groups, respectively. It has 

been observed that treatment T1 (drink containing catechins) was more effective in reducing 

cholesterol than T2 (drink containing EGCG) though they differed non-significantly. HDL 

trait was non-substantially affected by functional drinks although slight increasing tendency 

was observed. 

LDL level was substantially effected by functional drinks in all studies. In study I, 

treatments T1 and T2 resulted in 15.78 and 9.60% decrease, respectively in LDL as compared 

to control. In Study II, high cholesterol diet given to rats elevated LDL level in control group 

to 69.68±3.45 mg/dL however, provision of drink containing catechins resulted in 30.43% 

decrease followed by 25.10% by drink containing EGCG. In study III, functional drink 

containing catechins reduced the LDL level by 22.10 % whilst the decrease was 18.90% by 

EGCG enriched drink. Supply of high cholesterol+high sucrose diet in study IV resulted in 

enhanced LDL level (74.59±9.95) for T0 group, however values for this trait were reduced to 

53.10±13.45 and 57.27±17.98 mg/dL in T1 and T2 groups, respectively. 

Triglycerides were non-significantly affected by functional drinks in study I and II 

whereas significant differences were recorded for study III and IV. In study III, triglycerides 

level increased to 85.63±6.52 mg/dL in T0 group but drinks containing catechins (T1) and 

EGCG (T2) suppressed the values for this character to 76.06±5.09 and 82.86±4.82 mg/dL, 

respectively. Likewise in study IV, triglycerides were reduced to 94.38±6.05 and 96.10±4.69 

mg/dL in T1 and T2 groups, respectively as compared to 107.85±7.21 mg/dL in T0. It is 

deduced from the present exploration that functional drinks are effective to manage the 

serum lipid profile.  

In study I and II, treatments showed non-significant effect on glucose however, 

behaved substantially in study III and IV. In study I, values for glucose in T0, T1 and T2 

groups were 93.55±6.01, 92.44±4.43 and 90.44±4.79 mg/dL, respectively. Means for glucose 

in study II were 105.60±6.61, 103.32±5.26 and 101.51±4.58 mg/dL, respectively. Likewise, 

in study III, supply of high sucrose diet led to increased blood glucose level 125.93±5.47 

mg/dL in control group (T0) however, values for this trait were reduced in T1 and T2 groups 
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i.e 113.21±7.25 and 110.40±5.85 mg/dL, respectively. In study IV, high glucose level 

(130.05±8.75 mg/dL) was noted in T0 group whilst drinks containing active ingredients 

suppressed serum glucose value to 121.07±7.32 and 119.57±6.60 mg/dL in T1 and T2 groups, 

respectively. In study III, 10.10 and 12.33% decrease in glucose was observed by drinks T1 

and T2, respectively. Likewise, in study IV, drink containing catechins resulted in 6.91% 

reduction whereas EGCG enriched drink showed 8.06% decrease in glucose. From the 

instant investigation, it is evident that functional drink containing EGCG (T2) performed 

better against high glucose diet than that of drink containing catechins (T1) though they were 

statistically at par. 

Means for insulin showed non-substantial differences due to treatments in study I and 

II whereas a pronounced effect was observed in study III and IV. Study III, comprising of 

high sucrose diet resulted in highest insulin (14.34±0.41 µU/mL) for T0 group consuming 

control drink however its level was momentously reduced to 12.65±0.57 in T1 and 

12.20±0.49 µU/mL in T2 group taking enriched drinks. In study IV, maximum insulin 

16.34±0.59 µU/mL was observed in T0 group that substantially alleviated to 14.20±0.74 and 

13.65±0.67 µU/mL in T1 and T2, respectively. In study III, functional drinks T1 and T2 

showed 11.79 and 14.92% decrease in insulin level for their respective groups. Similarly in 

study IV, significance decrease of 13.10 and 16.46 for this attribute was recorded for 

catechins and EGCG consuming groups, respectively. There was significant progression in 

serum glucose and insulin concentrations in groups of rat provided sucrose rich diets 

however, functional drinks mitigate the raised glucose and insulin levels in rats.  

Serum antioxidant status was improved by consumption of functional drinks as 

indicated through increased glutathione contents and decreased TBARS. Effect of functional 

drinks was momentous on glutathione contents of rats during efficacy trial. In study I, mean 

glutathione content 48.41±0.99 mg/L for T0 group was comparatively less than that of T1 and 

T2 groups i.e. 49.78±1.85 and 51.84±2.05 mg/L, respectively. In study II, lower glutathione 

value 36.09±1.31 mg/L was recorded in T0 group (control) whereas in T1 and T2 groups 

relying on functional drinks, glutathione level was increased to 41.81±3.46 and 42.35±2.87 

mg/L, respectively. In study III, mean glutathione content in T0 group was 40.89±1.18 mg/L 

that elevated in T1 (45.56±2.77 mg/L) and T2 (46.19±3.22 mg/L) groups. In study IV, high 

glutathione values were noted in T1 and T2 groups i.e. 38.97±1.23 and 40.49±2.70 mg/L, 
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respectively whilst low glutathione level (32.32±2.86 mg/L) was recorded in control group. 

Regarding percent increase, treatment T1 resulted in 2.82% whilst T2 7.08% enhancement in 

glutathione content as compared to control in study I. Likewise in study II, functional drinks 

T1 and T2 showed 15.86 and 17.35% up lift, correspondingly for this trait. Supply of high 

sucrose diet in study III decreased glutathione level of rats in T0 group nevertheless 

functional drinks T1 and T2 led to 11.42 and 12.97% improvement for this trait. In study IV, 

groups T1 and T2 showed amplification of 20.57 and 25.28%, respectively. 

Statistical analysis revealed that functional drinks enriched with active ingredients 

significantly affected serum thiobarbituric acid reactive substances (TBARS) in all studies 

except study I where values in T0, T1 and T2 groups were 7.47±0.32, 7.17±0.41 and 

6.95±0.27 µmol/L, respectively. In study II comprising of high cholesterol diet, higher 

TBARS value observed for T0 group (8.56±0.34 µmol/L) was significantly decreased in T1 

(7.83±0.55 µmol/L) and T2 (7.38±0.69 µmol/L) groups. In study III, value for this trait in T0 

group was 8.87±0.28 µmol/L whereas its level decreased to 7.96±0.46 and 7.62±0.51 µmol/L 

in T1 and T2 groups, respectively. TBARS value in study IV for T0 was 10.13±0.75 µmol/L 

that reduced substantially to 8.29±0.38 and 7.96±0.64 µmol/L in T1 and T2 groups, 

respectively. In study I, drinks T1 and T2 showed non-momentous decrease of 4.01 and 6.9% 

in their respective groups. In study II, TBARS level was significantly reduced by 8.5% in T1 

and 13.7% in T2 group. Similar diminishing trend for TBARS was recorded in study III with 

10.2 and 14% reduction in T1 and T2 groups, respectively. However in study IV, 18.1 and 

21.4% decrease was noted in T1 and T2 groups, correspondingly. Results depicted that EGCG 

enriched functional drink was more effective in escalating serum antioxidants level than that 

of catechins containing drink. Additionally, values for liver and kidney functioning tests were 

in normal ranges, in rats consuming functional drinks moreover, no adverse effect on the 

serum biochemistry was recorded. Likewise, organ to body weight ratio remained unaffected 

thus proving its safe use.  

Conclusively, green tea has functional/nutraceutical worth against various 

physiological threats. Drinks containing catechins and EGCG not only attenuated 

dyslipidemia and hyperglycemia in rats but also improved antioxidant status. Drink 

containing catechins performed better in the management of serum lipid profile whilst EGCG 

showed better results in mitigating serum glucose and insulin level. Antioxidant status of the 
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experimental rats was improved by functional drinks too. In the nutshell, functional drinks 

containing catechins and EGCG are effective to control obesity and allied discrepancies 

including hypercholesterolemia and hyperglycemia. It is suggested that functional drinks 

may be introduced in diet based therapy to control lifestyle-related disorders. 
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RECOMMENDATIONS  

 

1. Diet health linkages should be introduced among the vulnerable segments to create 

awareness regarding functional foods. 

2. Green cool should be encouraged as functional beverage in diet based therapies 

against lifestyle-related disorders. 

3. Optimization of extraction condition through promising solvents ought to be 

promoted to maximize extraction efficiency of catechins. 

4. Green tea antioxidants especially EGCG should be proposed to ameliorate oxidative 

stress and hyperglycemia. 

5. Dieticians should suggest catechins or EGCG supplemented drinks/foods for 

treatment of obesity and dyslipidemia. 

6. Community based research trials should be conducted to enhance meticulousness 

regarding the concern. 
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      APPENDICES  
Appendix I 

Performa for sensory evaluation of functional drink 
Name of the judge………………………………….    
Date…………….. 
Character T0 T1 T2 

Color 
 

   

Flavor 
 

   

Sweetness 
 

   

Sourness  
 

   

Overall acceptability 
 
 

Signature…………………… 
INSTRUCTIONS 
Take a sample of functional drink and score for color, flavor, sweetness, sourness and 
overall acceptability using the following 9-point Hedonic Scale: 
Extremely poor 1 
Very poor 2 
Poor 3 
Below fair above poor  4 
Fair 5 
Below good above fair 6 
Good 7 
Very good 8 
Excellent 9 
 
Note: 
1. Take a sample of functional drink and score for color, flavor etc. 
2. Before proceeding to the next sample, rinse mouth with water. 
3. Make inter comparison of the sample and record the score. 
4. Don't disturb the order of samples. 
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Appendix II 
 

Composition of experimental diets 
 
 

Experimental diets: 
Ingredients 
(%) 

Normal 
diet  

High 
cholesterol diet 

High 
Sucrose diet  

High cholesterol + High 
Sucrose diet 

Corn Oil 10 10 10 10 
Corn Starch 66 65 26 25 
Casein 10 10 10 10 
Cellulose 10 10 10 10 
Salt mixture 3 3 3 3 
Vitamins 1 1 1 1 
Cholesterol* - 1 - 1 
Sucrose  - - 40 40 
* Added in rats modeling in different studies  
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Appendix III 

 
Composition of salt mixture 

 
Calcium citrate  308.2 

 
Ca (H2PO4)2 H2O  
 

 112.8 

H2HPO4  
 

 218.7 

HCl  
 

 124.7 

NaCl   77.0 

CaCO3   68.5 

3MgCO3. Mg (OH) 2. 3H2O   35.1 

MgSO4 anhydrous   38.3 

Ferric ammonium citrate  91.41  

CuSO4. 5H2O  5.98  

NaF  0.76  

MnSO4. 2H2O   1.07 16.7 

KAl (SO4)2. 12H2O  0.54  

KI  
 

0.24  

 100.00 1000.00 
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Appendix IV 
 

Composition of vitamin mixture 
 
 

Thiamin hydrochloride 0.060 

Riboflavin  0.200 

Pyridoxin hydrochloride  0.040 

Calcium pentothenate  1.200 

Nicotinic acid  4.000 

Inositol  4.000 

p-aminobenzoic acid  12.000 

Biotin  0.040 

Folic acid  0.040 

Cyanocobalamin  0.001 

Choline chloride  12.000 

Maize starch  966.419 

 1000.00 

 

 

 
 


