
 

 

EFFECTS OF REPLACING SUCROSE BY ISOMALTULOSE IN GREEN TEA BEVERAGE  
ON POSTPRANDIAL GLUCOSE, INSULIN LEVEL AND ANTIOXIDANT CAPACITY  

IN HEALTHY SUBJECTS 
 

Mr. Passakorn Suraphad 

A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of Master of Science Program in Food and Nutrition 

Department of Nutrition and Dietetics 
Faculty of Allied Health Sciences 

Chulalongkorn University 
Academic Year 2014 

Copyright of Chulalongkorn University 

 



 

 

 

ผลของการทดแทนน้้าตาลซูโครสด้วยไอโซมอลทูโลสในเครื่องดื่มชาเขียว 
ต่อระดับน้้าตาลกลูโคส ระดับอินซูลิน และความสามารถในการต้านอนุมูลอิสระหลังดื่ม  

ในคนสุขภาพดี 
 

นายภาสกร สุระผัด 

วิทยานิพนธ์นี้เป็นส่วนหนึ่งของการศึกษาตามหลักสูตรปริญญาวิทยาศาสตรมหาบัณฑิต 
สาขาวิชาอาหารและโภชนาการ ภาควิชาโภชนาการและการก้าหนดอาหาร 

คณะสหเวชศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย 
ปีการศึกษา 2557 

ลิขสิทธิ์ของจุฬาลงกรณ์มหาวิทยาลัย 

 



 

 

Thesis Title EFFECTS OF REPLACING SUCROSE BY 
ISOMALTULOSE IN GREEN TEA BEVERAGE ON 
POSTPRANDIAL GLUCOSE, INSULIN LEVEL AND 
ANTIOXIDANT CAPACITY IN HEALTHY SUBJECTS 

By Mr. Passakorn Suraphad 
Field of Study Food and Nutrition 
Thesis Advisor Kittana Makynen, Ph.D. 
  

 Accepted by the Faculty of Allied Health Sciences, Chulalongkorn 
University in Partial Fulfillment of the Requirements for the Master's Degree 

 

 Dean of the Faculty of Allied Health Sciences 

(Associate Professor Prawit Janwantanakul, Ph.D.) 

THESIS COMMITTEE 

 Chairman 

(Associate Professor Sirichai Adisakwattana, Ph.D.) 

 Thesis Advisor 

(Kittana Makynen, Ph.D.) 

 Examiner 

(Sathaporn Ngamukote, Ph.D.) 

 External Examiner 

(Assistant Professor Sriwatana Songchitsomboon, D.Sc.) 

 

 



 iv 

 

 

THAI ABSTRACT 

ภาสกร สุระผัด : ผลของการทดแทนน้้าตาลซูโครสด้วยไอโซมอลทูโลสในเครื่องดื่มชาเขียว
ต่อระดับน้้าตาลกลูโคส ระดับอินซูลิน และความสามารถในการต้านอนุมูลอิสระหลังดื่ม ใน
คนสุขภาพดี (EFFECTS OF REPLACING SUCROSE BY ISOMALTULOSE IN GREEN 
TEA BEVERAGE ON POSTPRANDIAL GLUCOSE, INSULIN LEVEL AND 
ANTIOXIDANT CAPACITY IN HEALTHY SUBJECTS) อ.ที่ปรึกษาวิทยานิพนธ์หลัก: 
กิตณา แมคึเน็น, 116 หน้า. 

การบริโภคเครื่องดื่มชาที่มีการเติมน้้าตาลมีแนวโน้มเพ่ิมสูงขึ้น ซึ่งการบริโภคเครื่องดื่มที่เติม
น้้าตาลมีความสัมพันธ์กับน้้าหนักตัวที่เพ่ิมขึ้นระยะยาว ไอโซมอลทูโลสเป็นสารให้ความหวานที่มีดัชนี
น้้าตาลต่้าจึงได้รับความสนใจในการใช้ทดแทนน้้าตาลในเครื่องดื่ม ดังนั้น การวิจัยนี้จึงศึกษาผลของ
การทดแทนน้้าตาลซูโครสด้วยไอโซมอลทูโลสในเครื่องดื่มชาเขียวต่อระดับน้้าตาลกลูโคส ระดับ
อินซูลิน และความสามารถในการต้านอนุมูลอิสระหลังดื่มในคนสุขภาพดี การออกแบบงานวิจัยเป็น
การทดลองแบบสุ่มไขว้ ผู้เข้าร่วมทั้งหมด 18 คน ได้รับการสุ่มให้ดื่มเครื่องดื่ม 5 ชนิด (400 มล.) ซึ่งมี
ส่วนผสมของ 1) น้้าตาลซูโครส 50 กรัม (SU) 2) ไอโซมอลทูโลส 50 กรัม (ISO) 3) ชาเขียว (GT) 4) 
ชาเขียว+น้้าตาลซูโครส 50 กรัม (GT+SU) หรือ 5) ชาเขียว+ไอโซมอลทูโลส 50 กรัม 
(GT+ISO)  เครื่องดื่มชาเขียวมีปริมาณโพลีฟีนอลรวมเทียบเท่า 1.20±0.05 มก.กรดแกลลิก/มล. 
ความสามารถในการต้านอนุมูลอิสระ (Ferric reducing antioxidant power, FRAP) ในเครื่องดื่ม
ชาเขียวทุกชนิด GT, GT+SU และ GT+ISO ไม่แตกต่างกัน นอกจากนี้ยังมีการวิเคราะห์ระดับน้้าตาล
กลูโคส, อินซูลิน, FRAP และ malonaldehyde (MDA) ในเลือดหลังดื่มเครื่องดื่ม  พบว่าการบริโภค 
GT+SU ลดระดับน้้าตาล และ อินซูลินได้ เมื่อเทียบกับ SU และการบริโภค GT+ISO ลดระดับน้้าตาล
และอินซูลินได้มากกว่า ISO และ GT+SU ผลการศึกษานี้ถูกยืนยันโดยการศึกษาในหลอดทดลอง
พบว่าชาเขียวสามารถยับยั้งการท้างานของเอนไซม์ไอโซมอลเทสได้ นอกจากนั้นยังพบว่าการบริโภค
ชาเขียวเพ่ิมความสามารถในการต้านอนุมูลอิสระ( FRAP)ในเลือด ขณะที่ FRAP ลดลงเมื่อบริโภค
ร่วมกับน้้าตาลซูโครส ในทางตรงกันข้ามการทดแทนน้้าตาลซูโครสด้วยไอโซมอลทูโลสในเครื่องดื่มชา
เขียว สามารถรักษาความสามารถในการต้านอนุมูลอิสระของชาเขียวไว้ได้  และการดื่ม GT+ISO 
สามารถลดระดับ MDA ในเลือดได้มากกว่าการดื่ม GT+SU สรุปได้ว่าการทดแทนน้้าตาลซูโครสด้วย
ไอโซมอลทูโลสในเครื่องดื่มชาเขียวท้าให้ระดับน้้าตาล , อินซูลิน, FRAP และ MDA ในเลือด
ปรับเปลี่ยนในทางท่ีดีขึ้น 

 

ภาควิชา โภชนาการและการก าหนดอาหาร 

สาขาวชิา อาหารและโภชนาการ 

ปีการศกึษา 2557 

 

ลายมือช่ือนิสติ   

 

ลายมือช่ือ อ.ที่ปรึกษาหลกั   

  

 

 

 



 v 

 

 

ENGLISH ABSTRACT 

# # 5576857037 : MAJOR FOOD AND NUTRITION 
KEYWORDS: GREEN TEA / GLYCEMIC RESPONSE / ANTIOXIDANT / SUCROSE / 
ISOMALTULOSE 

PASSAKORN SURAPHAD: EFFECTS OF REPLACING SUCROSE BY 
ISOMALTULOSE IN GREEN TEA BEVERAGE ON POSTPRANDIAL GLUCOSE, 
INSULIN LEVEL AND ANTIOXIDANT CAPACITY IN HEALTHY SUBJECTS. ADVISOR: 
KITTANA MAKYNEN, Ph.D., 116 pp. 

Consumption trend of sweetened tea beverage has been increased. There is 
a link between sweetened beverage consumption and long-term weight gain. 
Isomaltulose (low-glycemic sweetener) has been interested in replacing sugar in 
beverage. Therefore, this study investigated the effects of replacing sucrose by 
isomaltulose in green tea beverage on glycemic response and antioxidant capacity in 
healthy subjects. Eighteen healthy subjects were randomized to drink a beverage 
(400 mL) containing: 1) 50 g sucrose (SU), 2) 50 g isomaltulose (ISO), 3) green tea (GT), 
4) green tea+50 g sucrose (GT+SU) or 5) green tea+50 g isomaltulose (GT+ISO) with 
crossover-design. Total polyphenol of green tea beverage was 1.202±0.05 mg gallic 
acid equivalent/mL. GT, GT+SU and GT+ISO had no significant difference of 
antioxidant capacity (Ferric reducing antioxidant power, FRAP). The results showed 
that consumption of GT+SU suppressed postprandial plasma glucose and insulin 
concentration, compared with SU. Moreover, consumption of GT+ISO showed a 
significant higher reduction of postprandial plasma glucose and insulin concentration 
than ISO and GT+SU. In addition, our in vitro study showed that green tea 
had inhibitory effect on isomaltase activity with dose dependent manner. 
Furthermore, the antioxidant capacity increased after drinking green whereas it 
decreased when drinking GT+SU. In contrast, replacing SU by ISO in GT preserved 
antioxidant capacity of GT. Besides, consumption of GT+ISO produced a greater 
reduction of malonaldehyde (MDA) than GT+SU. In conclusion, the glycemic 
response and antioxidant capacity improved when replaced sucrose by isomaltulose 
in green tea beverage. 
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CHAPTER I 

INTRODUCTION 

1.1 BACKGROUND 

A beverage is a liquid which is specifically prepared for human 

consumption (Yesudian, 2012). There are many types of beverages such as fruit or 

vegetable juices, alcohol or non-alcoholic drinks and soft drinks. Green tea (Camellia 

sinensis) is one beverage that is the most widely consumed in the world (Wang and 

Ho, 2009). Due to minimal oxidation during processing of green tea, it retains high 

amount of phytochemical antioxidants such as polyphenolic compounds (Stangl et 

al., 2006). The compositions of green tea have total polyphenols approximately 35% 

of the dry weight (McKay and Blumberg, 2002). The major bioactive polyphenolic 

compound in green tea is flavonoids including catechins. Epigallocatechin 3-gallate 

(EGCG) is the most abundant green tea catechins subgroup (Khan and Mukhtar, 2007; 

Taylor et al., 2005). Previous studies found that polyphenols in tea can decrease 

postprandial plasma glucose level in healthy human (Bryans et al., 2007; Tsuneki et 

al., 2004). For example, consumption of 1.5 g green tea extracts in 500 mL water 

(total polyphenols approximately 500 mg gallic acid equivalent) decreased 

postprandial plasma glucose level after green tea consumption at 30 minutes and 90 

minutes (Tsuneki et al., 2004). In addition, consumption of black tea 1 g (350 mg of 

total polyphenols) decreased plasma blood glucose at 120 minutes (Bryans et al., 

2007). In addition to the antihypyglycemic activity, green tea also showed many 

additional health benefits such as anti-carcinogenic (Kavanagh et al., 2001), anti-

inflammatory (Dona et al., 2003), anti-oxidative activity (Osada et al., 2001), 

hypocholesterolemic (Raederstorff et al., 2003) and cardiovascular disease prevention 

(Sueoka et al., 2001). 
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Nowadays, sugar consumption has been increased worldwide which 

correlated to the rate of sweetened beverage production (Won and Richard, 2012). 

Moreover, the consumption of sugar-sweetened beverages has been dramatically 

increased including sweetened green tea beverage (Ng et al., 2012; Won and Richard, 

2012). In the other word, the addition of caloric sweetener (e.g. sucrose and high-

fructose corn syrup) in beverage was generally defined as sugary beverage (Bremer 

and Lustig, 2012). The randomized clinical trials reported that sugary beverages 

increased body weight and fat mass after 10-week consumption (Raben et al., 2002). 

Besides, the several studies found that consumption of sugary beverages increased 

triglyceride level, body weight and visceral fat accumulation (Raben et al., 2002; 

Stanhope et al., 2009). Some studies also concluded that sugary beverages, including 

sweetened tea, may play a role in the elevation of obesity risk and the epidemic of 

obesity (Bray et al., 2004; Grimes et al., 2013; Grundy et al., 2004; Hu F. B. and Malik, 

2010).  

Recently, the prevalence of overweight and obesity tend to increased 

worldwide (WHO, 2014). Excessive body fat accumulation in overweight and obesity 

induced hyperlipidemia, hypertension and insulin resistance, involving in the 

progression of type 2 diabetes and cardiovascular disease that are main cause of 

death in the world (Grundy et al., 2004; WHO, 2013). Thus, overweight and obesity 

prevention may reduce the incidence and mortality from metabolic syndrome. There 

are many way to prevent the risk of overweight and obesity such as increasing 

physical exercise and decreasing energy intake from fat and sugar. Furthermore, 

replacing refined sugars with sugar substitutes has been greatly interested for 

decreasing overweight and obesity risk. Sugar substitutes or artificial sweeteners have 

sweet taste as general sugar (sucrose), but the caloric values are zero or low calories 
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(Yang, 2010). The most artificial sweeteners are synthetic sugar substitutes such as 

aspartame, sucralose, sorbitol and acesulfame-K (Tandel, 2011; Yang, 2010). 

Isomaltulose (6-O-D-glucopyranosyl-D-fructose, also known as 

Palatinose®), one type of sugar substitutes, is a naturally occurring disaccharide and 

it’s one of the sweet elements in honey, sugarcane and molasses (Siddiqui and 

Furgala, 1967). The caloric value of isomaltulose (4 kcal/g) is similar to sucrose 

(Hamada S., 2002; Okuno et al., 2010). The digestion and absorption of isomaltulose 

completed in the small intestine as sucrose (Okuno et al., 2010) that isomaltulose 

and sucrose are digested by isomaltase and sucrase enzyme, respectively (Hamada S, 

2002). However, the digestion and absorption rate of isomaltulose are slower than 

sucrose because it mildly increased in the plasma glucose and insulin levels after 

oral administration (Dahlqvist et al., 1963; Kawai et al., 1985). In addition, glycemic 

index (GI) of isomaltulose is low (GI=32) when compared with sucrose (GI=65) 

(Atkinson et al., 2008; Holub et al., 2010). While the taste and appearance of 

isomaltulose are similar to sucrose, comparatively isomaltulose sweetening strength 

is one-half of sucrose (Hans-Dieter Belitz, 2009; Kawai et al., 1985; Okuno et al., 

2010). Furthermore, the consumption of isomaltulose (high doses up to 50 g in 

human) was found to be safe with no gastrointestinal discomfort side effects (Lina et 

al., 2002).  

Original unsweetened green tea beverage is recommended for health 

benefits, but sweetened green tea is preferable in many countries (Ng et al., 2012). 

The substitution of isomaltulose (low-GI sweetener) for sucrose is a possible 

alternative regimen to control postprandial glucose and also retain health benefits of 

green tea. Nevertheless, there is no proven evidence in human whether sweeteners 

interfere or diminish the antioxidant capacity of green tea after consumption of 

sweeteners with green tea. Therefore, this study designed to investigate effect of 



 15 

replacing sucrose by isomaltulose in green tea beverage on postprandial plasma 

glucose, insulin level and antioxidant capacity in healthy subjects.  

 

1.2 OBJECTIVES OF THE STUDY 

 

1.2.1 To investigate effect of isomaltulose in green tea beverage on postprandial 

plasma glucose level and insulin level in healthy subjects.  

1.2.2 To investigate effect of isomaltulose in green tea beverage on antioxidant 

status in healthy subjects.  

 

1.3 HYPOTHESES OF THE STUDY 

 

1.3.1 Isomaltulose can reduce and delay postprandial plasma glucose and 

insulin level more than sucrose  

1.3.2 Isomaltulose in green tea beverage can reduce and delay postprandial 

plasma glucose and insulin level more than isomaltulose beverage 

1.3.3 Isomaltulose interferes antioxidant capacity of green tea less than sucrose 
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CHAPTHER II 

LITERATURE REVIEWS 

2.1 ANTIOXIDANT  

An antioxidant is any substance that, when present at low 

concentrations compared with that of an oxidizable substrate. An antioxidant 

can significantly delay or inhibit oxidation of an oxidizable substrate. This 

definition includes compounds of a non-enzymatic and an enzymatic nature 

(Halliwell, 1989). The principles of the antioxidant functions have been discussed 

that an antioxidant is a molecule stable enough to donate an electron to a free 

radical and neutralize it, so decreasing its capacity to damage. These antioxidants 

delay or inhibit cellular damage mainly by scavenging property of important 

biological oxygen-derived species (free radicle) such as superoxide, hydrogen 

peroxide, hydroxyl radical, hypochlorous acid, haem-associated ferryl species, 

radicals derived from activated phagocytes and peroxyl radicals, both lipid-

soluble and water-soluble (Halliwell, 1995). A balance between free radicals and 

antioxidants is necessary for proper functioning and physiological systems. 

Imbalanced of free radicals adversely alter lipids, proteins, and DNA, casing, 

development of pathogenesis in several human diseases (Lobo et al., 2010). 

Some antioxidants are produced during normal metabolism in the body 

including glutathione, ubiquinol, and uric acid (Shi et al., 1999). Although, there 

are several enzymes system within the body for scavenging free radicals, the 

principle micronutrient (vitamins) antioxidants are essential for maintaining a 

healthy biological system such as vitamin E (α-tocopherol), vitamin C (ascorbic 

acid), and B-carotene. These micronutrients cannot manufacture by the body, so 

they must be supplied in the diet (Levine et al., 1999). 
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2.1.1 The measurement of antioxidant capacities  

The measurement of antioxidant capacities have been developed 

and widely used to assess the radical scavenging/antioxidant activities of 

solutions. There are many methods for measurements of antioxidant capacity in 

plasma, serum, biological sample, food or beverage such as ferric 

reducing/antioxidant power (FRAP) assay, the oxygen radical absorbance capacity 

(ORAC) or trolox equivalent antioxidant capacity (TEAC) 

 

2.1.1.1  Ferric reducing/antioxidant power (FRAP) assay 

The FRAP assay is widely used to examined antioxidants 

capacity (Reddy C.V.K. et al., 2010). The FRAP assay is presented as a novel 

method for assessing "antioxidant power" on electron donation by reducing 

Ferric (Fe3+) to Ferrous (Fe2+). Ferric to ferrous ion reduction at low pH 

causes a colored ferrous-tripyridyltriazine (Fe2+- TPTZ) complex to form. 

FRAP values are measured by the absorbance changes at 593 nm in test 

reaction mixtures with those containing ferrous ions in known 

concentration. Absorbance changes of ferrous ions are linear followed by 

concentration range with antioxidant mixtures, including plasma, and with 

solutions containing one antioxidant in purified form. FRAP values of fresh 

plasma of healthy Chinese adults were 612-1634 µmol/L (mean ± SD = 

1017 ± 206; n = 141). There is a positive correlation between the phenolic 

content in green tea and the antioxidant activity that determined by FRAP 

assay. The FRAP assay is inexpensive, simple to preparing reagents solution, 

highly reproducible of results, straightforward of the procedure and 

speedy. (Benzie and Strain, 1996). 
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2.2 OXIDATIVE STRESS 

Oxidative stress is an imbalance equilibrium condition between oxidants 

(free radicle/reactive oxygen spices) generation and antioxidants defense 

mechanisms, leading to cellular dysfunctions (Sies, 1997). The protection of oxidative 

stress provided by the antioxidant enzymes such as the superoxide dismutase, 

catalases, and glutathione peroxidases (Hybertson et al., 2011). Oxidative stress and 

oxidative modification of biomolecules play an important in a number of 

physiological and pathophysiological processes such as aging, carcinogenesis, 

inflammation and atherosclerosis (Lobo et al., 2010).  

In normal conditions reactive oxygen spices (ROS) are reduced into water 

by antioxidant enzymes that cells are protected against oxidative stress. There are 

several antioxidant enzymes for detoxification pathway. First step, superoxide 

dismutase (SOD) catalyzes O2 into H2O2, and then catalase (CAT) and glutathione 

peroxidase (GSH-PX) remove H2O2 into H2O by two different pathways. Disturbances 

in the normal redox state of tissues can cause toxic effects through generation of 

hydroxyl radicals and free radicals from hydroperoxide produces that develop to 

oxidative cell injury, leading to DNA damage, carboxylation of proteins, and lipid 

peroxidation. These oxidative damages result in the cellular death. (Muñoz Morón 

and Castilla-Cortázar, 2012) 
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Figure 1 Mechanisms of oxidative cellular damage 
Reproduced from (Muñoz Morón and Castilla-Cortázar, 2012) 

2.2.1 Lipid peroxidation  

Lipid peroxidation is a process generated naturally in small amounts 

in the body that mainly by the effect of several reactive oxygen species (ROS) 

such as free radicals, hydroxyl radical and hydrogen peroxide. In addition, it can 

also be generated by the action of many phagocytes. The reaction of lipid 

peroxidation process consists of three major steps. Initiation step, of the reactive 

oxygen species [hydroxyl radical (OH-)] attack the polyunsaturated fatty acids 

(PUFA) of the fatty acid membrane. Hydroxyl radical remove hydrogen atom of 

polyunsaturated lipid, thus producing lipid radical. Propagation step, lipid radical 

can react with oxygen (O2), leading to occurring form of lipid peroxyl radicle and 

new unsaturated lipid. Termination step, lipid peroxyl radicle attacks another 

fatty acid forming lipid hydroperoxide (LOOH) and a new radical. There are 

several secondary products form of lipid peroxidation such as alkanes, 

malanoaldehyde, and isoprotanes that are used as markers in lipid peroxidation 

assay. Lipid peroxidation has been implicated in disease states such as 

atherosclerosis, ischemic reperfusion injury, neurogenerative diseases, asthma, 

Parkinson's disease, kidney damage, diabetes and others. (Lobo et al., 2010; 

Mylonas and Kouretas, 1999) 
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Figure 2 Lipid peroxidation process 
Reproduced from (Jairam et al., 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Lipid peroxidation process lead to the formation of secondary products. 
Reactive carbonyl compounds (RCCs) can react with proteins and other biological 
molecules, thereby forming advanced lipid peroxidation end products (ALEs). Stable 
products (such as ketones and alkanes) do not react with proteins.  
Reproduced from (Negre-Salvayre et al., 2008) 
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Figure 4 Chemical stature of some secondary products 
Reproduced from (Negre-Salvayre et al., 2008) 

 

2.2.1.1 Malonyldialdehyde (MDA) 

Malonyldialdehyde (MDA) is a secondary product of lipid 

peroxidation that is widely used as an indicator of lipid peroxidation. The 

measurement of MDA level remains a useful indicator of lipid peroxidation 

and correlates well with the degree of oxidative stress (Srour et al., 2000). 

An addition of free radicals in the body bring about over production of 

MDA (Gawel et al., 2004). Plasma MDA and urinary MDA can increase from 

naturally occurring product in the body and consumption of MDA food 

such as butter, margarine, oil and meat (Mylonas and Kouretas, 1999; 

Uribarri et al., 2010). Plasma MDA can excrete by kidney in urinary MDA 

form that the elimination half-live of MDA in plasma and urine had 

medians of 13 and 7 hours, respectively (Brunmark et al., 1995). The 

accumulations of MDA in human plasma can modified low-density 

lipoprotein (LDL) that is one of the main initiators of atherogenesis (Ishigaki 

et al., 2008; Libby et al., 2011).  
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2.3 TEA 

 

 

 

 

 

 

 

Tea is one of the most popular beverages because of its pleasant taste 

and perceived health effects. There are four types of tea most commonly found in 

the market that are white tea, green tea, oolong tea and black tea. The difference of 

each tea types occur different processing or different harvesting times (in the case of 

white tea). In addition, there are different types of phytochemicals in each tea type. 

In processing of white tea, white tea leaves are picked and harvested before they 

fully open of leaves (the buds) that the buds are still covered by fine white hair. The 

white leaves are steamed quickly after harvesting for prevention of polyphenols 

oxidation and then dried. In processing of green tea, the leaves are steamed quickly 

after harvesting to prevent oxidation of polyphenols and then it are rolled before 

drying. In the production of black tea, the leaves are rolled with full fermentation, 

disrupting the cellular compartment and bringing phenolic compounds into contact 

with polyphenol oxidases, that the leaves undergo oxidation for 90–120 minutes 

before drying. During fermentation process, flavan-3-ols are converted to complex 

condensation products such as thearubigins and theaflavins. Furthermore, oolong tea 

production, the leaves are rolled and produced with a shorter fermentation period 

than black tea. Oolong tea have taste and color somewhere between GT and BT. 
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This tea type is manufactured mainly in Taiwan and exported to Japan and Germany 

(Serafini et al., 2011). 

 

 

 

 

 

 

 

 

Figure 5 Tea processing 
 

2.4 GREEN TEA 

Green tea is the most widely consumed beverage in the world. It is dried 

leaves of tea that the scientific name is “Camellia sinensis” (Lin et al., 2003). Health 

benefits of green tea occur some substance that called “Polyphenols” that was 

antioxidant that found about 35% of the dry weight (McKay and Blumberg, 2002). 

Polyphenol had many type of flavonoid. The main flavonoid composition of brewed 

green tea commonly known as catechins that found 60-80% of polyphenols. And 

epigallocatechin-3-gallate (EGCG) is the most abundant catechin of green tea, 

representing 50-80% of the total catechin content (Nutrient Data Laboratory, 2013). A 

typical brewed green tea beverage contains 11–20 mg caffeine per 1 g of the dry 

weight (Khokhar and Magnusdottir, 2002). Previous studies showed many health 

benefits of green tea such as antihypyglycemic activity, anti-carcinogenic (Kavanagh 
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Withering Withering Withering Withering 

Oven drying 
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Rolling 
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et al., 2001), anti-inflammatory (Dona et al., 2003), anti-oxidative activity (Osada et al., 

2001), hypocholesterolemic (Raederstorff et al., 2003) and preventing cardiovascular 

disease (Sueoka et al., 2001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Chemical structures of the major green tea polyphenols  

Reproduced from (Forester and Lambert, 2011) 
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2.4.1 Green tea and antioxidant  

Green tea polyphenols act as antioxidant activity. It can be direct 

antioxidants by scavenging reactive oxygen species or chelating transition metals. 

Alternatively, it may act indirect antioxidants properties by up-regulating phase II 

antioxidant enzymes. In addition, green tea polyphenols can also be potent pro-

oxidants in vitro and in vivo studies, leading to the formation of hydrogen 

peroxide, the hydroxyl radical, and superoxide anion. 1) Green tea polyphenols 

can scavenge reactive oxygen species (ROS) by generating more stable phenolic 

radicals. The radical scavenging ability of EGCG has been a focus of several studies 

because it is the one type of catechin that high relative concentrations in green 

tea and presence of the galloyl group on the B and D ring. Electron paramagnetic 

resonance (EPR) spectroscopy has revealed that EGCG can react with O2– leading 

to oxidation of the D ring, and it also can scavenge OH and O2– for stabilize of free 

radical. 2) Green tea polyphenols can react with transitional metals by chelating 

transition metals (including iron). Free iron (II) can produce hydroxyl radical from 

Fenton reaction leading to cellular DNA damage. Green tea polyphenols (including 

EGCG) can bind iron (II) to polyphenol-iron complex that can against Fenton-

mediated cellular damage. (Forester and Lambert, 2011) 

 

 

    Fe2++H2O2     Fe3+ + OH- + ·OH 

 

Figure7 Fenton reaction 
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Figure 8 Scavenging and formation mechanisms of ROS mechanisms by green tea 

polyphenols. These mechanisms are applicable to all green tea polyphenols, but 

epigallocatechin gallate (EGCG) is shown as a representative molecule. Reproduced 

from (Forester and Lambert, 2011) 

 

2.4.2 Green tea and lipid peroxidation 

Green tea polyphenols act as antioxidant properties by mechanisms 

that reduce the generation of superoxide anions, hydroxyl radicals and lipid 

peroxyl radicals (Chen et al., 1990; Husain et al., 1987; Torel et al., 1986). The 

reduction of those free radicals can decrease lipid peroxidation, leading to 

decreasing of MDA formation (Mylonas and Kouretas, 1999). The previous study 

found that antioxidant properties of polyphenols can decrease MDA (Gorelik et al., 

2008; Netzel et al., 2007; Sirota et al., 2013; Torabian et al., 2009). For example, 

Sirota R et al (2013) found that consumption of 200 mL roasted coffee (total 

polyphenols ~ 500 mg gallic acid equivalents) by healthy volunteers during a 

meal of red-meat cutlets decreased accumulation of malonyldialdehyde (MDA) in 

plasma (Sirota et al., 2013). In addition, Netzel M et al (2007) found that 

consumption of beverage (total polyphenols ~ 780 mg gallic acid equivalents) was 

D 
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significantly reduced of urinary MDA from 1.65±0.57 to 1.22±0.37 µmol/24 hour (-

26% vs. control) (Netzel et al., 2007). Moreover, green tea can increase antioxidant 

that can reduce the development or the enhancement of oxidative stress. 

Therefore, it can protect the individual for oxidative stress diseases (Coimbra et 

al., 2006). 

2.4.3 Green tea and anti-hyperglycemia 

2.4.3.1 Hyperglycemia  

Hyperglycemia or high blood sugar is a common effect of 

uncontrolled diabetes. Hyperglycemia may be a marker of acute illness, 

severe, insulin resistance, one of many physiological derangements 

associated with an abundance of counter-regulatory hormones, and 

suppression of anabolic pathways. Hyperglycemia may induce inflammation, 

oxidative stress, poor immune function, and endothelial dysfunction 

(Kansagara D. et al., 2008). In addition, long-term hyperglycemia induce long-

term complications of diabetes such as cerebrovascular disease, peripheral 

vascular disease, peripheral nervous system, retinopathy, ulceration and 

amputation, nephropathy and coronary heart disease (Michael J. and Fowler 

M.D., 2008)  

2.4.3.2 Carbohydrate digestion  

Digestion of carbohydrate in the human involves the function of 

several enzymes in body. Starches are digested at different enzymes and 

rates that depend on food form. Salivary and pancreatic α-amylases are 

secreted to initiate and degrade starch to maltooligosaccharides (Gropper et 

al., 2004).Pancreatic α-amylase plays a more dominant role than salivary 

amylase for starch digestion (Lebenthal, 1987). α-Amylase can hydrolyze the 
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internal α-1,4 glycosidic linkages of amylose and amylopectin to form short 

linear (i.e., maltose, maltotriose, maltotetraose) and branched dextrin chains 

(Semenza et al., 2001). And then, these maltooligosaccharide products are 

further digested to monosacharides (i.e. glucose and fructose) by the 

mucosal α-glycosidases, sucrase-isomaltase (SI) and maltase-glucoamylase 

(MGAM) in small intestine. (Cheng et al., 2014) 

2.4.3.2.1 The mucosal alpha-glucosidases 

Mucosal alpha glucosidase (α-glucosidases) is one type of 

enzyme for digestion.  This enzyme secrete in the small intestine. 

The function of this enzyme is digestion disaccharides to 

monosaccharide.  The mucosal alpha glucosidase are two membrane 

bounded protein complexes including maltase-glucoamylase (MGAM) 

and sucrase-isomaltase (SI). There are four subunits including C-

terminal (Ct) and N-terminal (Nt) subunit of MGAM and SI complexes 

(D Sushil, 2013). Thus, this enzyme consist Ct-MGAM (Glucoamylase), 

Nt-MGAM (maltase), Ct-SI (Sucrase) and Nt-SI (Isomaltase) (Nutrient 

Data Laboratory, 2013). All four subunits of SI and MGAM can 

hydrolyze α-1,4 glycosidic linkages, whereas the isomaltase subunit 

has the capacity to hydrolyze the α-1,6 glycosidic linkage (Cheng et 

al., 2014).   

There was the experimental study about releasing 

glucose from normal maize granular starch to investigate starch 

digestion by each enzyme including Ct-MGAM (Glucoamylase) of 

human, Nt-MGAM (maltase) of human, Nt-SI (Isomaltase) of human 

and   Ct-SI (Sucrase) of mouse for determination of enzyme activity. 

They found Ct- MGAM and Ct-SI had releasing glucose from normal 
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maize granular starch more than Nt-SI and Nt-MGAM (D Sushil, 2013). 

Conclusion, Nt-SI (Isomaltase) and Nt-MGAM (maltase) enzymes were 

lower starch digestion than Ct- MGAM (Glucoamylase) and Ct-SI 

(Sucrase). So, using starch which are digested by Nt-SI (Isomaltase) or 

Nt-MGAM (maltase) enzymes may help to decrease absorption of 

glucose that may have benefit for obese and type 2 diabetic 

patients. 

 

2.4.3.3 Carbohydrate absorption 

Glycemic carbohydrate absorption occurs in the form of the 

monosaccharides, including glucose, fructose, and galactose. Delivery of 

monosaccharides to the body depends on the expression of the 

monosaccharide transporters that glucose and galactose are transported 

into small intestinal enterocytes through the sodium-dependent glucose 

transporter (SGLT1), while fructose is transported into enterocytes by the 

facilitated glucose transporter type 5 (GLUT5). These monosaccharides are 

transported from enterocytes into the blood circulation system by the 

facilitated glucose transporter type 2 (GLUT2). (Cheng et al., 2014)  

 

 

 

 

 

Figure9 Monosaccharide transport in the small intestine  

Reproduced from (Wright E.M. et al., 1994) 

http://care.diabetesjournals.org/content/28/6/1526.full
http://care.diabetesjournals.org/content/28/6/1526.full
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2.4.3.4  Anti-hyperglycemia by green tea 

Several studies found green tea polyphenols can decrease 

postprandial plasma glucose, leading to reduction of hyperglycemia risk (da 

Silva Pinto et al., 2008; Kaiser et al., 2013). Previous in vitro studies found 

polyphenols can inhibit intestinal glucose transport SGLT-1 and GLUT-2 in 

the Caco-2 intestinal cell (Farrell et al., 2013; Kwon et al., 2007; Shimizu et 

al., 2000), leading to decreasing of glucose absorption. In addition, green tea 

polyphenols can inhibit alpha-glucosidases that can inhibit digestion of 

disaccharides (da Silva Pinto et al., 2008; Kaiser et al., 2013). Koh LW et al 

(2010) reported green tea (total polyphenols about 106 mg gallic acid 

equivalences/ g dried leaves) can inhibit both salivary α-amylase and α-

glucosidase in vitro with IC50 = 3 mg/mL and 0.98 mg/mL, respectively (Koh 

et al., 2010). Thus, green tea polyphenols can suppress postprandial plasma 

glucose level by inhibition of intestinal glucose transport, α-amylase and α-

glucosidase. 

 

2.5 SUGARY BEVERAGE  

Sugar-sweetened beverages (SSBs) are typically defined as beverages 

containing added caloric sweeteners such as high-fructose corn syrup (HFCS), sucrose, 

or fruit-juice concentrates, that  include sweetened tea, soft drinks, fruit drinks, sports 

drinks, energy and vitamin water drinks, and lemonade (Bremer and Lustig, 2012). 

Sugar-sweetened beverages are high glycemic load. The randomized clinical trial 

reported that sugary beverages increased body weight and fat mass after 10 weeks 

(Raben et al., 2002). Moreover, the consumption of sugary beverages increased the 

level of triglyceride and the accumulation of visceral fat, involving in the progression 

of metabolic syndrome (Grundy et al., 2004; Stanhope et al., 2009). Some studies 
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also concluded that sugary beverages, including sweetened tea, may play a role in 

the elevation of obesity risk and the epidemic of obesity (Bray et al., 2004; Grimes et 

al., 2013; Hu F. B. and Malik, 2010). 

  

 

 

 

 

 

 

 

Figure 10 Potential biological mechanisms underlying the effect of SSBs on weight 
gain and risk of Metabolic Syndrome. Reproduced from (Malik et al., 2010) 
 

2.6 OVERWEIGHT AND OBESITY (WHO, 2014) 

According to the World Health Organization, overweight and obesity are 

defined as abnormal or excessive fat accumulation in the body that may impair 

health. There were many causes of overweight and obesity such as energy 

imbalance, high calories intake, high fat intake, high sugar intake and sugary beverage 

intake etc. and physical inactivity (Dehghan et al., 2005).  The marker commonly used 

to classify overweight and obesity in adults is body mass index (BMI) that is a simple 

index of weight-for-height. BMI calculate by a person's weight in kilograms and height 

in meters in following equation: 

 

Body mass index (BMI) =  
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Table 1 The criteria to separate overweight and obesity 

 Asia Europe 

Overweight BMI ≥ 23 kg/m2 BMI ≥ 25 kg/m2 

Obesity BMI ≥ 30 kg/m2 BMI ≥ 30 kg/m2 
 

The obese person has accumulated body fat, including visceral fat 

that high risk in pro-inflammatory status. Visceral fat can promote releasing 

of the inflammatory cytokine that overproduction of cytokine induce the 

pathological changes of insulin resistance and endothelial dysfunction 

(Emanuela et al., 2012; Grundy et al., 2004). These pathological changes 

increase risks of dyslipidemia, hypertension, glucose intolerance, type 2 

diabetes etc., resulting in elevation of cardiovascular disease (Balagopal, 

2006).  

 
  Figure 11 The progression of obesity to cardiometabolic risk.  

Reproduced from (Balagopal, 2006) 
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2.6.1 Overweight and obesity prevention (WHO, 2014) 

Overweight and obesity related non communicable diseases that are 

largely preventable. Overweight and obesity may need the support of 

environments and communities that are fundamental in shaping people’s 

choices, making the healthier choice of foods and regular physical activity the 

easiest choice (accessible, available and affordable). The prevention of obesity 

may be separate to multiple levels such as the societal level, the industry and 

the individual level. At the societal level is important to support individuals in 

following the recommendations of food and nutrient. In addition, the social can 

support good behavior about regular physical activity and healthier dietary 

choices available, affordable and easily accessible to all of supportive 

envelopment, especially in the poorest individuals. The food industry can play a 

significant role in promoting healthy diets by reducing the fat, sugar and salt in 

products that healthy and nutritious products are available and affordable to all 

consumers. Furthermore, individual level is very important for preventing of 

overweight and obesity which people have access to a healthy lifestyle. 

At individual level for preventing of overweight and obesity 

- Regular physical activity (60 minutes a day for children and 150 

minutes per week for adults). 

- Control of energy balance and limitation of energy intake from total 

fats and sugars, including sugary beverage. 

- Avoiding or even limiting of high-glycemic index and high-glycemic 

load food such as sugary beverage, rice cakes, pancake and ice cream. 

- Consumption of fruit (low glycemic index) and vegetables, as well as 

legumes, whole grains and nuts that high fiber. 
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2.6.1.1 Glycemic Index (GI) 

Glycemic index (GI) describes the blood glucose response after 

consumption of a carbohydrate containing test food that used to evaluate 

the quality of carbohydrate. To evaluate of glycaemic index (GI) values was 

calculated by area under the curve (AUC) from the 2 hours (seven times) 

of postprandial capillary blood glucose after consumption between a test 

food and a similar weight of carbohydrate containing reference food, 

typically glucose or white bread (Wolever, 2004). GI was originally designed 

for diabetes patients as a guide to food selection and advice being given to 

select foods with a low GI (Venn and Green, 2007). Dietary glycemic index 

is slightly associated with risk of cardiovascular disease, but not with stroke 

and stroke-related death (Fan et al., 2012). There was ranking of GI 

references to three classifications, including low GI, medium GI and high GI 

that was shown in Table 2. 

 

Table 2 The illustration of glycemic index (GI) (Atkinson et al., 2008) 

GI  Range Food types 

Low GI < 55 barley, spaghetti (white), kidney beans, orange, apple, 
soy milk, isomaltulose 

Medium GI 55-69 pumpkin, udon noodles, popcorn, pineapple, sucrose 

High GI ≥ 70 white rice, white wheat bread, cornflakes, potato 
(boiled), watermelon, glucose 
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2.6.1.2 Glycemic load (GL) 

The glycemic load (GL) is used to represent both the quality 

and quantity of carbohydrates (Hu Y. et al., 2009). The glycemic load (GL) 

values calculated by multiplying the GI of a food item with its 

carbohydrate content per serving (Fan et al., 2012). There were three 

classifications of GL, including low GL (≤10), moderated GL (11-19) and high 

GL (≥20). High dietary glycemic load is related with a higher risk of CHD and 

stroke (Fan et al., 2012). 

2.6.1.3 Low GI and GL and health  

Consumption of low GI and GL diets decreased the risk of 

chronic diseases. In previous randomized controlled trials, diets with lower 

GI or GL have been beneficial for insulin sensitivity and lipids (Liu et al., 

2001; Rizkalla et al., 2004). Meta-analyses suggest that a low GI or GL foods 

could glycemic control in diabetes and lipid management (Venn and 

Green, 2007). Several studies found that lower levels of both GL and 

overall GI were associated with lower risk of cardiovascular disease and 

diabetes (Ebbeling et al., 2005; Liu et al., 2000). In addition, consumption 

of low GL can decrease obesity risk by increased satiety, delayed return of 

hunger and decreased ad libitum food intake (Afaghi et al., 2012). Most 

studies have demonstrated health benefits of low GI or GL involved 

naturally occurring and minimally processed carbohydrate containing 

cereals, vegetables and fruit that these foods have qualities other than 

their immediate impact on postprandial glycemia as a basis to recommend 

their consumption (Venn and Green, 2007).  Therefore, low GI and GL diet 

may be food choice for healthy. 
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2.7 ARTIFICIAL SWEETENERS  

Artificial sweeteners are widely used around the world. These substances 

are used in place of sweeteners with sugar or sugar alcohols. Artificial sweeteners 

may also be called sugar substitutes, non-nutritive sweeteners (NNS), and non-caloric 

sweeteners.  

2.7.1 Function 

Sugar substitutes may assist in weight management and control of 

blood glucose of diabetics. It provides sweetness to foods and beverage for 

reduction of calories or without adding extra calories. In addition, replacing 

sugar by artificial sweeteners can also help prevent dental decay. (Polyak et al., 

2010) 

2.7.2 Food Sources 

All artificial sweeteners are chemically processed that it can be 

added to food and during preparation. Many types of diet or low-calorie food 

products in the market are made using artificial sweeteners. Nowadays, there 

were many types of artificial sweeteners such as aspartame, sucralose, 

saccharin, stevia, acesulfame k, neotame and cyclamates. 

 

2.7.2.1 Aspartame 

- The chemical synthesis of aspartame occur a combination of 

two amino acids (phenylalanine and aspartic acid). 

- The sweetened strength of aspartame was 220 times of sugar. 

- Aspartame loses sweetness when exposed to heat. 
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- There were no shown any serious side effects in several studies. 

- The Food and Drug Administration (FDA) approved. 

2.7.2.2 Sucralose 

- The sweetened strength of sucralose was 600 times of sugar. 

- Sucralose was used in many diet foods and drinks, chewing gum,   

frozen dairy desserts, fruit juices, and gelatin. 

- The Food and Drug Administration (FDA) approved. 

 

2.7.2.3 Saccharin 

- The sweetened strength of saccharin was 200 to 700 times of 

sugar. 

- Saccharin was used in many diet foods and drinks that may have 

a bitter or metallic aftertaste in some liquids. 

- It does not used in cooking and baking. 

- The Food and Drug Administration (FDA) approved. 

2.7.2.4 Stevia 

- Stevia is non-caloric plant that based sweetener. 

- It made from the plant Stevia Rebaudiana that is grown for its 

sweet leaves. 

- There were many common names, including sweet leaf, sweet 

leaf, sugar leaf, or simply stevia. 

- Rebaudiana extract is approved as a food additive and considered 

a dietary supplement. 
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2.7.2.5 Acesulfame K 

- Acesulfame K is heat-stable that can be used in cooking and 

baking. 

- This sweetener used together with other sweeteners, such as 

saccharin, in carbonated low-calorie beverages and other products. 

- The Food and Drug Administration (FDA) approved. 

2.7.2.6 Neotame 

- It used in many diet foods and drinks. 

- The powdered extract of monk fruit, a round green melon. 

- The sweetened strength of neotame was 150-200 times of sugar. 

- It is stable to heat, and it can use in baking and cooking. 

- It is more concentrated than sugar (¼ teaspoon of neotame 

equals the sweetness of 1 teaspoon sugar) 

- The U.S. Food and Drug Administration (FDA) approved. 

2.7.2.7 Cyclamates 

- The sweetened strength of cyclamates was 30 times of sugar. 

- Cyclamates is banned in the United States because previous 

studies shown to cause bladder cancer in animals. 

2.7.3 Side Effects of artificial sweeteners  

In 2012 the American Heart Association and the American Diabetes 

Association published a report concluded that sensible use of artificial 

sweeteners could help lower caloric and carbohydrate intake. There is also not 

enough evidence of artificial sweetener for using to weight loss or lower heart 

disease risk. Further research also needed on the safety of artificial sweeteners. 
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The artificial sweeteners that are sold and used in the United States have no 

clear evidence about cancer or coronary heart disease risk in humans. 

2.7.4 Recommendations of artificial sweeteners 

The FDA regulates all artificial sweeteners in the United States for 

sale or use in prepared foods. The FDA has set an acceptable daily intake (ADI) 

for safety amount. FDA approved artificial sweeteners, including aspartame, 

acesulfame K, saccharin, neotame, and sucralose. However, aspartame is not 

recommended for people with phenylketonuria (PKU) because their body is 

unable to break down one of the amino acids in component of aspartame. 

2.8 ISOMALTULOSE  

Isomaltulose (6-O-D-glucopyranosyl-D-fructose) is a structural isomer of 

sucrose and naturally occurring disaccharide which is one component of the honey, 

sugarcane and molasses. There are the caloric values (4 kcal/g) and the taste of 

isomaltulose is similar to sucrose (Kawai et al., 1985; Okuno et al., 2010). But, the 

comparatively isomaltulose sweetening strength is 0.5 times of sucrose (Okuno et al., 

2010). Glycemic index (GI) of isomaltulose is low (GI=32), compared with sucrose (GI = 

65) (Atkinson et al., 2008; Holub et al., 2010). The structure of isomaltulose is 

composed of glucose and fructose as sucrose. The commercial isomaltulose is 

produced from sucrose by enzymatic rearrangement that changed linked between 

glucose and fructose from α-1,2-glucosidic linkage to α-1,6-glucosidic linkage (Figure 

12) (Lina et al., 2002).  
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Figure 12 Isomaltulose production from sucrose by enzymatic rearrangement.  

Reproduced from (Lina et al., 2002) 

 

 Hydrolysis and absorption of isomaltulose complete in the small 

intestine as sucrose (Tandel, 2011). Isomaltulose are hydrolyzed by isomaltase 

(Hamada S, 2002). However, the rate of hydrolysis and absorption of isomaltulose is 

very slow compared with sucrose (Okuno et al., 2010). Moreover, isomaltulose can 

inhibit alpha-glucosidases that decreased digestion of disaccharides to 

monosaccharide, and then disaccharide can’t absorption in small intestine 

(Kashimura et al., 2008). Therefore, isomaltulose can decrease postprandial plasma 

glucose level and energy that may decrease risk of overweight and obesity. 

Furthermore, previous studies found that isomaltulose help to decrease risk of 

hyperlipidemia, hypertension, cardiovascular disease and insulin resistance that cause 

of type 2 diabetes mellitus  (Grundy et al., 2004).  

The most consumption form of isomaltulose founds in the beverages 

such as milk, soft drink and fruit juice. Moreover, isomaltulose were mixed with foods 

such as cracker, and it was ingredient in some meal (Brunner et al., 2012; Freedman 

et al., 2012; Griffiths et al., 1989). The previous studies found isomaltulose affects to 

decreased plasma glucose level and decreased insulin level results from the slow 

hydrolysis of α-1,6-glucosidic bond and low absorption (Dye et al., 2010; Freedman et 

al., 2012; Hamada S, 2002; Salmeron et al., 1997). Furthermore, isomaltulose may 

Sucrose Isomaltulose 

[Glucose] [Fructose] [Glucose] [Fructose] 
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help to increase lipid metabolism because the body have few carbohydrate uptake. 

So, the body may use energy from body fat that cause of lowering of fatty acid and 

triglyceride (Salmeron et al., 1997). 

 

2.8.1 Safety of isomaltulose 

Isomaltulose can be considered to be safe. It is particularly suitable 

for sucrose replacement that it is a non-cariogenic sugar substitute. In animal 

studies, consumption of isomaltulose up to 7 g/kg in male rat and 8.1 g/kg in 

female rat, did not result in adverse effects. In human studies, including 

healthy and diabetes patients, consumption of isomaltulose up to 50 g of 

isomaltulose did not report adverse effects on the gastrointestinal system such 

as irritable bowel syndrome. (Linaa B.A.R. , 2002) 
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CHAPTER III 

METERIALS AND METHODS 

3.1 MATERIAL AND EQUIPMENTGreen tea product 

The pure green tea leaf (Camellia sinensis), one commercial brand, 

were purchased from the local market which green tea products in this 

study used same production date for decreasing differences of green tea 

quality in each production.  

 

3.1.2 Isomaltulose 

      Isomaltulose (palatinose®) was come from Rajburi Sugar Co., Ltd. 

(Rajburi, Thailand) 

 

3.1.3 Chemical (Company) 

3.1.3.1 Folin-Ciocalteu’s reagent (Sigma Chemical Co., St., USA) 

3.1.3.2 Sodium carbonates (Na2Co3) (Ajax finechem, New Zealand) 

3.1.3.3 Gallic acid (Fluka, USA)      

3.1.3.4 Acetic acid (HeBei Welcome Pharmaceutical Co., China) 

3.1.3.5 2,4,6- tripyridyl-1-5-triazine (TPTZ) (Sigma Chemical Co., USA) 

3.1.3.6 Hydrochloric acid (HCL) (Loba chemie, India) 

3.1.3.7 Iron(III) chloride  (FeCl3) (Ajax Finechem Pty Ltd, Austarlia) 

3.1.3.8 Iron (II) sulfate heptahydrate (FeSO4.7H2O)  

(Ajax Finechem Pty Ltd, Austarlia) 

3.1.3.9 Rat intestinal acetone powder (Sigma Chemical Co., USA) 

3.1.3.10 Sodium chloride (NaCl) (Ajax finechem, New Zealand)  

3.1.3.11 Bovine serum albumin (BSA) (Sigma-Aldrich CO., USA)  
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3.1.3.12 Glucose liquicolor (Human GmbH, Germany) 

3.1.3.13 insulin human ELISA kit (BQ kits, USA) 

3.1.3.14 Malondialdehyde (MDA) (Sigma Chemical Co., USA) 

3.1.3.15 Sodium dodecyl sulfate (SDS) (Sigma Chemical Co., USA) 

3.1.3.16 Thiobarbituric acid (TBA) (Sigma Chemical Co., USA) 

3.1.3.17 Sodium hydroxide (NaOH) (Ajax finechem, New Zealand) 

3.1.3.18 Monosodium phosphate (NaH2PO4)  

(Qrec chemical Co, Ltd., New Zealand)  

3.1.3.19 Disodium phosphate (Na2HPO4)  

(Ajax finechem, New Zealand) 

 

3.1.4 Equipment 

3.1.4.1 Centrifuge (Hettich zentrifugen®, USA) 

3.1.4.2 Spectrophotometer (Biotac®, Powerwave XS2, USA) 

3.1.4.3 Fluorescence reader (Perkin Elmer®, Finland) 

3.1.4.4 Incubator (Labnet®, Vortemp56, USA) 

3.1.4.5 Spray dryer (Eyela world®, Tokyo Rikakikai Co., LTD, Japan) 

3.1.4.6 pH meter (Thermo Fisher Scientific Inc., USA) 

3.1.4.7 Vortex (Gemmy industrial corp., Taiwan)  

3.1.4.8 Laboratory refrigerator (Sanden intercool, Thailand)  

3.1.4.9 Heat block  (Labnet International, Inc., USA) 

3.1.4.10 Magnetic stirrer (IKA®, China)  
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3.2 EXPERIMENTS  

 

 

 

 

 

 

 

 

 

 

Beverages preparation 

 

 

 

 

 

 

 

 

 
Figure 13 Experiments in this study 
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PART I PREPARATION AND ANALYSES OF BEVERAGES 

3.2.1 Preparation of beverages for a serving portion 

- Test 1 (Sucrose beverage, SU) 

   : 50 grams of sucrose was infused in 400 mL of boiling water (95 ˚C) 

- Test 2 (Isomaltulose beverage, ISO) 

   : 50 grams of isomaltulose was infused in 400 mL of boiling water (95 ˚C) 

- Test 3 (Green tea beverage, GT) 

   : 4 grams (two bags) of green tea leaf from one commercial brand   

     was infused  in 400 mL of boiling water (95 ˚C) for 5 min. 

- Test 4 (Green tea beverage with sucrose, GT+SU) 

   : 50 grams of sucrose added into 400 mL of green tea beverage 

- Test 5 (green tea beverage with isomaltulose, GT+ISO) 

   : 50 grams of isomaltulose added into 400 mL of green tea beverage 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Preparation of green tea beverage 
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3.2.2 Controlling the amount of total polyphenols in green tea 

3.2.2.1  Green tea products used same production date for same 

quality.  

3.2.2.2  Brewing green tea used same method in each visit. 

3.2.2.3  Brewing green tea was stirred by using magnetic stirrer for 

speed stable. 

3.2.2.4  Each brewing green tea in each visit was mixed together 

before sweeteners (sucrose or isomaltulose) was added in 

green tea beverage. 

3.2.2.5  Each brewing green tea in each visit was determined amount 

of total polyphenols in green tea beverage. 

 

3.2.3 Total phenolic compound analysis of green tea 

This assay used to measured amount of total polyphenols in 

green tea beverage and extract. Total polyphenol determined by Folin-

Ciocalteu method according to Singleton and Rossi (1965) method with 

some slight modification. The first step, the samples preparation of green 

tea extract and green tea beverage that was diluted 10 fold with distilled 

water. Second step, 10 µl of dilution of green tea samples were mixed with 

75 µL of 10-fold diluted Folin-Ciocalteu’s reagent (Sigma Chemical Co., USA) 

in microplate that incubated at room temperature for 5 min. Next step, 75 

µl of 7.5% sodium carbonate solution was added to the mixture. The 

mixture was incubated at room temperature for 90 min. After that the 

mixture was measured the absorbance at the wavelength 725 nm with 

spectrophotometer (Biotac®, Powerwave XS2, USA). Total polyphenol 

content of green tea was calculated by calibration standard curve from 

measuring absorbance of gallic acid standard (25, 50, 100, 200, 400 µg/ml). 
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Each sample was determined for three replicates (n=3). The results of green 

tea extract were expressed as milligram gallic acid equivalent/gram dry 

weight of extract, and the results of green tea beverage were expressed as 

milligram gallic acid equivalent/a serving portion (400 mL). 

 

3.2.4 Antioxidant capacity by FRAP assay  

Ferric ion reducing antioxidant power assay (FRAP) used to 

measured antioxidant capacities of green tea beverages (unsweetened and 

sweetened green tea beverages) in this study that was performed according 

to the method described by Benzie and Strain (1996) with a slight 

modification. The principle of FRAP method is based on the reduction of a 

ferric (Fe3+) to ferrous (Fe2+). The FRAP reagent was prepared freshly and 

warmed at 37 ˚C by the mixing: 1) 0.3 M sodium acetate buffer solution (pH 

3.6), 2) 10 mM 2,4,6- tripyridyl-1-5-triazine (TPTZ) in 40 mM HCl solution, and 

3) 20 mM FeCl3 solution at the ratio of 10:1:1 (V/V/V), respectively. FRAP 

assay for the green tea beverages were performed by mixing 10 µL of 10-

fold diluted of beverages with 90 µL of FRAP reagent in microplate and 

incubated for 30 min at room temperature in dark. After that the mixture 

was measured the absorbance at the wavelength 595 nm with 

spectrophotometer (Biotac®, Powerwave XS2, USA). Antioxidant capacities 

of green tea beverages were calculated by calibration standard curve from 

measuring absorbance of FeSO4.7H2O (72.5, 125, 250, 500, 1000, 2000 µM). 

Antioxidant activity was measured five times of each beverage (n=5). The 

results of green tea beverages were expressed as mM FeSO4/L. 
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PART II HUMAN STUDY 

3.3.1 The Sample Size CalculationThe sample size was calculated from 

previous randomized crossover study (Torronen R, et al. 2012) by using 

significant difference of plasma glucose level between green tea beverage 

group and without green tea beverage group. The mean and standard 

deviation values (mean ± SD) of plasma glucose level in green tea beverage 

group and without green tea beverage group were 1.9±0.9 mmol/l and 

2.7±0.9 mmol/l, respectively. The sample size was calculated by using the 

following formula that the significance level (α) is 0.05 and the level of 

confidence is 90% (β = 0.10) 

n= (Z α/2+Zβ)2 Sd2
   

 

α = 0.05 ( 2
Z

= 1.96), β = 0.10 (Zβ = 1.28) 

α = significance level 

β = the level of confidence 

Z α/2 = the test statistic in Z-test of 0.025 (Z0.025)   

Zβ = the test statistic in Z-test of 0.10 (Z0.10) 

X1 = mean of plasma glucose level in without green tea group 

X0 = mean of plasma glucose level in green tea group 

S = the standard deviation of the average of blood glucose level. 

Calculated “Sd2” by using the following formula; Sd2= 2 S2 (1-r)  

“r” was correlation coefficient of two observation variables in statistics from 

previous study. This study used "r=0.5" because it got the most sample size 

(considered in terms of “r” values). 

Substitution of data in “Sd2” formula:  Sd2= 2(0.9)2 [1-0.5] = 0.81 

 

 (X1-X0)2 

http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Standard_deviation
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Substitution of data in sample size formula:   

n = (Z α/2+Zβ)2 Sd2 

 

    = 
                      

     
   

= 13.28    ~ 14 volunteers/an intervention 

The sample size needed at least 14 volunteers to provide 

subficiate power of statistical analysis. The percentage of withdraw in 

previous crossover study was approximately 25 percentage (Audrey R, et al. 

2003). Therefore, the total subjects of this study required 18 volunteers per 

a test (a type of beverage). 

 

3.3.2 Subjects 

Healthy subjects were recruited from local community through 

poster advertisement and flyers. There were anthropometric, blood pressure 

and biochemical screening before enroll this study. They were eligible for 

this study if they had the following criteria 

 

3.3.2.1 Inclusion criteria 

: Healthy male or female (aged 18-35 years old) 

3.3.2.1.1 Anthropometry measurement 

- Body mass index (BMI) from body weight and height 

:The normal BMI ranged 18.5-22.9 kg/m2   

 (X1-X0)2 

2 

2 
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- Body fat percentage measure by Bioelectrical 

Impedance Analysis (BIA) 

: Normal % body fat;  male < 20% and female < 30%  

- Waist circumference (cm) 

 : male ≤ 90 cm and female ≤ 80 cm 

3.3.2.1.2 Blood pressure < 140/90 mmHg 

3.3.2.1.3 Biochemical test (after 12-h fasting) 

- Fasting plasma glucose level (mg/dl) ≤ 100 mg/dL  

- Total cholesterol < 200 mg/dL 

- LDL-cholesterol < 150 mg/dL 

- Triglyceride < 150 mg/dL 

- Blood creatinine level ranged 0.7-1.4 mg/dL 

- Alanine aminotransferase (ALT) < 40 IU/L 

3.3.2.1.4 The subjects avoided supplement at least 1 month 

before experimental period. 

 

3.3.2.2  Exclusion criteria 

Exclusion criteria included: history of chronic disease such 

as metabolic disease and cancer, allergy, gastrointestinal pathologies 

(absorption and digestion problem) such as short bowel syndrome, 

abnormality of liver and kidney function, smoker, heavy drinker, using 

medications for treatment or food supplements that could affect the 

results of study. 
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3.3.3 Ethical review 

The clinical study protocol was approved by the Ethics Review 

Committee for Research Involving Human Research Subjects, Health Science 

Group, Chulalongkorn University (No.135/56). All subjects provided their 

written informed consents to participate this study after the study protocol 

was fully explained. 

 

3.3.4 Experimental design  

This experiment was randomized crossover clinical trial. Twenty-

two volunteers interested to participate in this study. Four volunteers were 

excluded on the basic of inclusion and exclusion criteria. Thus, total healthy 

subjects included 18 volunteers that according to the sample size calculation. 

The first visit, all subjects were randomized by simple random sampling into 

five groups to consume 400 mL of each beverage containing; 1) 50 g sucrose 

(SU), 2) 50 g isomaltulose (ISO), 3) green tea (GT), 4) green tea with 50 g 

sucrose (GT+SU), or 5) green tea with 50 g isomaltulose (GT+ISO) with 

crossover-design (Figure 14). After first visit, the subjects changed to different 

types of beverages at 2nd, 3rd, 4th and 5th visit (2-week for wash out period) 

until the subjects consumed all five type of beverage (Table 3). At each visit, 

a serving portion (400 mL) of one type of beverages was provided for each 

subject and was completely consumed within 5 min from the starting time.  

In addition, the subjects were asked to provide their food records and 

physical activity questionnaire in every visit. 
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Figure 15 The experimental design in this study 

 

 

 

Figure 16 Experimental period  
 

Table 3 The consumption beverages for each group at each experimental visit 

 Group 1 Group 2 Group 3 Group 4 Group 5 

1st Visit Test 1 Test  2 Test  3 Test  4 Test  5 

2nd Visit Test  2 Test  3 Test  4 Test  5 Test  1 
3rd Visit Test  3 Test  4 Test  5 Test  1 Test  2 

4th Visit Test  4 Test  5 Test  1 Test  2 Test  3 

5th Visit  Test  5 Test  1 Test  2 Test  3 Test  4 
 

 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 

1st Visit 2nd Visit 3rd Visit 4th Visit 

Week 8 Week 9 

5th Visit 
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3.3.5 Preparation of subjects during the experimental period  

- One week before each visit  

All subjects were instructed not to consume high-antioxidant 

diet, phenolic-rich foods (e.g. tea, coffee, fruit juices, berries fruit and 

chocolate etc.), no alcoholic beverage and no exercise. 

- One day before each visit 

All subjects should consume regular diet. They must fast  

for 12 hours before blood sampling test and get enough sleep. 

  

3.3.6 Blood collection 

Blood samples were collected into NaF and EDTA tubes 

by intravenous catheter inserted into a forearm vein for a total 120 

min period from the starting point. The first blood samples were 

collected before consumption of beverage (baseline), and they were 

collected blood after consumption of beverage at 15, 30, 45, 60, 90 

and 120 min. Plasma samples were separated from the blood 

samples by centrifugation at 3,000 rpm for 15 minutes at 4 oC. The 

plasma samples were kept into microtube and stored at -20 oC until 

analysis. The NaF-plasma was used to analyze plasma glucose. The 

EDTA-plasma was used to evaluate the postprandial plasma insulin, 

plasma FRAP and plasma MDA. 
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3.3.7 Biochemical measurement 

3.3.7.1 Evaluation of the glycemic response 

3.3.7.1.1 Plasma glucose concentration 

Plasma glucose was determined by using a glucose 

oxidase method (The enzymatic colorimetric kits, GLUCOSE 

liquicolor, Human GmbH, Germany) 

 

3.3.7.1.2 Plasma insulin level 

Plasma insulin level was determined by using 

insulin human ELISA kit (BQ kits, USA). 

  

3.3.7.2 Evaluation of plasma antioxidant capacity 

3.3.7.2.1 Ferric reducing ability of plasma (FRAP) 

The principle of FRAP method is based on the 

reduction of a ferric (Fe3+) to ferrous (Fe2+) for measuring of 

antioxidants status according to the method described by Benzie 

and Strain (1996) with a slight modification. The FRAP reagent 

prepared freshly and warm at 37 ˚C the mixing: 1) 0.3 M sodium 

acetate buffer solution (pH 3.6), 2) the solution containing 10 mM 

2,4,6- tripyridyl-1-5-triazine (TPTZ) in 40 mM HCl, and 3) 20 mM 

FeCl3 solution at the ratio of 10:1:1 (V/V/V), respectively. Ten 

microliters of plasma samples mixed with 90 µL of the FRAP 

reagent in microplate and incubated for 30 min at 37 ˚C in dark. 

After that the mixture was measured the absorbance at the 

wavelength 595 nm with spectrophotometer (Biotac®, Powerwave 

XS2, USA). Antioxidant activity was calculated by calibration 
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standard curve from measuring absorbance of FeSO4 7H2O (72.5, 

125, 250, 500, 1000, 2000 µM FeSO4). Antioxidant activity was 

measured five times for plasma samples (n=5). Antioxidant activity 

was measured five times of each beverage (n=5). The results of 

green tea beverages were expressed as mM FeSO4/L. 

  

3.3.7.2.2 Malondialdehyde assay (MDA assay) 

Malondialdehyde (MDA) is a major product of lipid 

peroxidation which is markers of free radicle and oxidative stress. 

The MDA assay involved the reaction of malondialdehyde 

containing 60 µL of sample or standard MDA (Sigma Chemical Co., 

USA) with 30 µL of 10% sodium dodecyl sulfate (SDS, Sigma 

Chemical Co., USA) and 1.2 mL of TBA reagent (530 mg 

thiobarbituric acid in a mixed solution containing 50 mL of 20% 

acetic acid and 50 mL of 1 M NaOH that the TBA reagent (Sigma 

Chemical Co., USA) was stable for 24 hours). The mixtures were 

put in a heat block (Labnet International, Inc., USA) at 97 oC for 1 

hour after that it was immediately removed from heat block and 

place in -20 oC for 10 minutes to stop reaction. Next, it was 

centrifuged at 13,000 rpm for 10 minutes at 4 oC and then loaded 

supernatant to microplate. The microplate was measured by 

fluorescence reader (Perkin Elmer®, Finland) at excitation 

wavelength 530 nm and emission wavelength 550 nm.    
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3.3.8 STATISTICAL ANALYSIS 

The data were expressed as mean ± standard error of the 

mean (SEM). The incremental area under curves (iAUCs) was 

calculated using SigmaPlot program version 11.0. The statistical 

analyses were conducted by SPSS Program version 17.0 (SPSS Inc.). 

One-way analysis of variance (ANOVA), followed by the Least-

Significant Difference (LSD) post hoc test for multiple comparison 

test, was performed to assess the differences between FRAP values 

in unsweetened and sweetened green tea beverage. In addition, the 

incremental data at each time points and iAUCs of plasma glucose, 

plasma insulin, plasma FRAP and plasma MDA after beverages 

consumption were analyzed using a repeated measurement ANOVA, 

followed by the LSD post hoc test for the pairwise comparisons. For 

all the statistical tests, significant difference was considered at  

P-values < 0.05. 

 

PART III INHIBITION OF α-GLUCOSIDASE ACTIVITY BY GREEN TEA EXTRACT 

Intestinal α-glucosidase inhibitory activity was performed according to 

the method described by Adisakwattana et al (2010) with a slight modification. 

This assessment used to examine inhibition of the isomaltase activity (enzyme for 

isomaltulose digestion) by green tea.  
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Step 1 Preparation of green tea extract 

Twenty-gram of the pure green tea leaf was infused in 2 L of 

boiling water (95 ˚C) for 5 minutes that used same preparation of green 

tea beverage method (Figure 13). The solution of green tea was dried 

using a spray dryer (Eyela world®, Tokyo Rikakikai Co., LTD, Japan). The 

condition of spray dryer was inlet temperature 170 ºC, outlet 

temperature 89-99 ºC, blower 0.8-0.9 m3/min and atomizing at 90 kPa. 

The powder extract of green tea was kept in dry place. Green tea 

extract was measured amount of total polyphenols that the method for 

the analysis of phenolic compounds in green tea extract followed by 

2.1.3. 

 

Step 2 Preparation of the α-glucosidase solution (enzyme solution) 

The solution of rat intestinal acetone powder (100 mg) 

homogenized in 3 ml of 0.9% NaCl solution and then it will be 

centrifuged at 12,000 g for 30 minutes at 4 oC. The supernatant (crude 

enzyme solution) was kept in microtube at -20 oC.  

The specific activity of isomaltase in crude enzyme solution 

determined by Bradford protein assay according to Bradford (1976) and 

a slight modification. The protein solution for determination of 

isomaltase activity containing 40 µL of 96 mM isomaltulose in 0.1 M 

phosphate buffer (pH 6.9), 10 µL of distilled water and 50 µL of crude 

enzyme solution was pipetted into in microtube. One milliliters of 

commercial protein reagent was added 4 µL of isomaltase solution and 

the contents mixed by vortexing. The mixture was measured the 

absorbance after 2 min and before 1 hr at the wavelength 595 nm with 

spectrophotometer (Biotac®, Powerwave XS2, USA). Isomaltase content 
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of crude enzyme solution was calculated by calibration standard curve 

of bovine serum albumin (BSA) in phosphate buffer saline (PBS, pH 7.4) 

from measuring absorbance of BSA standard (0.625, 1.25, 2.5 and 5 

mg/ml). There was determined for three replicates (n=3). The results 

were expressed as units (µmol/min)/mg protein. 

 

Step 3 Intestinal isomaltase inhibitory activity by green tea extract 

Fifty microliters of isomaltulose solution (96 mM) in 0.1 M 

phosphate buffer (pH 6.9) was incubated with 10 µL of green tea extract 

(0.25, 0.5, 1, 2, 4 and 6 mg/ml) and 40 µL of crude enzyme solution at 

37 oC for 90 minutes. Then, the mixtures were suspended in a heat 

block at 100 oC for 10 minutes to stop the reaction. Next, the glucose 

oxidase method was used to measure concentration of glucose release 

from reaction. The absorbance was measured at 500 nm by 

spectrophotometer (Biotac®, Powerwave XS2, USA). The percentage of 

isomaltase enzyme inhibition of the green tea extract was calculated by 

using the following equation:  

 

% Enzyme inhibition = 
             –                

            
 × 100 
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CHAPTER IV 

RESULTS 

PART I PREPARATION AND ANALYSES OF BEVERAGES 

4.1 The total polyphenols in green tea beverage 

The total polyphenols in green tea beverage was calculated from 

brewing green tea of every visit in clinical trials. As shown in Table 4, total 

polyphenols of green tea beverage was 1.202±0.05 mg gallic acid equivalents/mL. 

Total phenolic contents were calculated using the calibration curve of gallic acid 

concentrations on Folin-Ciocalteu method (Figure 16).  

 

Table 4 The total polyphenols of green tea beverage 

 Green tea beverage  
(mg gallic acid equivalents/mL) 

Total polyphenols  1.202±0.05 

Data are expressed mean ± SEM; Green tea beverage (n=10)  
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Figure 17 The calibration curve of gallic acid (25-400 µg/mL) 
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4.2  Evaluation of antioxidant capacities in green tea beverages by the ferric 

reducing antioxidant power (FRAP) 

FRAP assay was used for measurement of antioxidant capacities in green 

tea beverages. FRPP values of beverages were 13.15±1.40 mM FeSO4/L in green tea 

beverage (GT), 13.09±1.56 mM FeSO4/L in combination of sucrose with green tea 

beverage (GT+SU) and 13.35±1.47 mM FeSO4/L in combination of isomaltulose with 

green tea beverage (GT+ISO) (Figure 17). There were no significant differences of FRAP 

values in FRAP values between unsweetened green tea beverage (GT) and 

sweetened green tea beverages (GT+SU and GT+ISO). The FRAP values were 

calculated using the calibration curve of FeSO4 (Figure 18).  

 

Table 5 Antioxidant capacities in green tea beverages determined by FRPP assay. 

Type of beverages FRAP values (FeSO4/L) 

Green tea beverage (GT) 13.15±1.40a 

Green tea beverage with Sucrose (GT+SU) 13.09±1.56a 

Green tea beverage with Isomaltulose (GT+ISO) 13.35±1.47a 

Data are expressed as mean ± SEM, n=3. The difference of FRAP values in 

beverages were analyzed by one-way ANOVA followed by LSD post hoc test.  
a Values not sharing the same superscript are significantly different (P < 0.05). 
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Figure 18 The calibration curve of FeSO4 (0.25-2 mmol/L)  
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PART II HUMAN STUDY 

Eighteen subjects were recruited from local community. Fifteen subjects 

completed in this study including seven male and eight female. Three subjects 

dropped out after first week with personal reasons. The baselines characteristics of 

fifteen subjects are shown in Table 5. During the experimental period, the subjects 

did not have adverse effect from beverages consumption such an irritable bowel 

syndrome.  

 
Table 6 Baselines characteristics of fifteen subjects in this study 

 Normal range Mean ± SEM 

Age (years)  23.50 ± 0.69 

Weight (kg)  59.36 ± 1.84 

BMI (kg/m2) 18.5-22.9 21.03 ± 0.38 

% Body fat 
Male < 20%,  

Female <30% 

13.58 ± 1.10 

22.56 ± 1.36 

Waist circumference (cm) 
Male ≤ 90 

Female ≤ 80 

80.00 ± 2.25 

69.94 ± 2.40 

Systolic blood pressure (mmHg) < 140 115.31 ± 1.97 

Diastolic blood pressure (mmHg) <90 71.92 ± 2.34 

Fasting glucose (mg/dL) ≤ 100 81.46 ± 2.29 

Total cholesterol (mg/dL) < 200 186.54 ± 3.17 

LDL-cholesterol (mg/dL) <150 119.00 ± 5.16 

Triglyceride (mg/dL) <150 76.54 ± 6.32 

Creatinine (mg/dL) 0.7-1.4 0.98 ± 0.03 

Alanine aminotransferase, ALT (U/L) < 40 10.76 ± 1.30 

Results expressed as the mean ± SEM, n = 15 
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4.3 Food record and physical activity questionnaire 

All subjects were no significant differences in energy intake calculated 

from food record between experimental periods (Table 7). In addition, they did not 

consume high-antioxidant diet, phenolic-rich foods (e.g. tea, coffee, fruit juices, 

berries fruit and chocolate etc.) and alcoholic beverage before one-week experiment 

at each visit. Moreover, all subjects did not exercise during the experimental periods. 

Furthermore, all subjects were no change physical behavior during the experimental 

period. The most physical activities of subjects were mild-intensity physical activity 

such as housework (i.e. sweep the floor, mop the floor, ironing, cooking, etc.), office 

activity (i.e. meeting, copy, printed matter, etc.) and walking (< 5 km/hr.).  

Table 7 Energy intake (kcal) calculated from food record 

 Energy intake (kcal)/day 

1st Visit 1,402.13±76.05a 
2nd Visit 1,540.20±70.51a 
3rd Visit 1510.08±63.44a 
4th Visit 1496.73±71.24a 
5th Visit 1442.07±59.10a 

Results expressed as the mean ± SEM, n = 15. The differences of energy 

intake between each visit were analyzed by one-way ANOVA followed by LSD 

post hoc test. a Values not sharing the same superscript are significantly 

different (P < 0.05). 

 

4.4 Total polyphenols in green tea beverage 

Total polyphenols of green tea beverage were 1.202±0.05 mg gallic acid 

equivalents/mL (Table 4). Thus, a serving of green tea beverages (400 mL) in each 

visit contained total polyphenols approximately 480 mg gallic acid equivalents.  
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4.5 Biochemical measurement  

4.5.1 The glycemic response 

4.5.1.1 Plasma glucose 

The effects of beverages consumption on the incremental plasma 

glucose concentration are shown in Table 8 and Figure 19. Repeated-

measures analysis of variance revealed a significant test x time interaction 

(P<0.001) for postprandial plasma glucose concentration, a significant test 

effect (P<0.001) and time effect (P<0.001), followed by LSD post hoc test. 

The consumption of sucrose had rapid rise of glucose concentration and the 

peak of plasma glucose concentration was 30 min and thereby rapid fell the 

baseline concentration within 120 min. In comparison of sucrose, the 

concentration of glucose in the group consumed isomaltulose lower than 

consumption of sucrose at 15 min (P=0.001), 30 min (P<0.001), 45 min 

(P<0.001) and 60 min (P=0.015). Ingestion of green tea together with sucrose 

decreased plasma glucose concentration at 15 min (P=0.015), 30 min 

(P<0.001), 45 min (P=0.007), 60 min (P=0.004) and 90 min (P=0.044) when 

compared with consumption of sucrose alone. In addition, ingestion of 

green tea together with isomaltulose results in lower plasma glucose 

concentration than consumption of isomaltulose alone at 15 min (P= 0.002) 

and 30 min (P=0.009). Moreover, replacing of sucrose by isomaltulose in 

green tea beverage was significantly decreased in plasma glucose 

concentration at 15 min (P<0.001), 30 min (P<0.001) and 45 min (P=0.047) 

when compared with consumption of sucrose with green tea beverage. 

The incremental areas under the curves (iAUCs) of plasma glucose 

concentration are shown in Figure 20. The iAUCs of plasma glucose 

concentration in sucrose, isomaltulose, green tea, green tea plus sucrose and 

green tea plus isomaltulose were 3,095.5±234.7, 1,741.2±134.3, -80.1±139.8, 
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1,752.3±231.8 and 1,385.8±127.9 mg x min/dL, respectively. The iAUCs of 

plasma glucose concentration was significantly reduced approximately 43.73 

% in isomaltulose group compared to sucrose group (P<0.001). In addition, 

iAUCs of plasma glucose concentration in sucrose plus green tea group was 

significantly lower than sucrose approximately 43.39 % (P=0.001). Moreover, 

the iAUCs of plasma glucose concentration in isomaltulose together with 

green tea was significantly lower than isomaltulose consumption by 20.92 % 

(P=0.027). In addition, the iAUCs of plasma glucose concentration was no 

significant difference between isomaltulose plus green tea and sucrose plus 

green tea.  

 

Table 8 The incremental postprandial plasma glucose concentration (mg/dL) after 
beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 
plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). 

Time 
(min) 

The incremental postprandial plasma glucose concentration (mg/dL) 

SU ISO GT GT+SU GT+ISO 

0 0.00 0.00 0.00 0.00 0.00 
15 30.17±2.20** 16.44±2.1** -2.38±1.45 21.83±2.57** 6.61±1.64* 
30 55.70±2.32** 25.16±2.38** -2.05±1.98 36.60±2.52** 18.83±1.80** 
45 47.52±4.17** 23.26±1.85** 0.25±1.82 28.08±4.17** 18.72±1.82** 
60 34.25±4.76** 18.82±2.58** 0.23±1.22 14.55±3.68* 15.19±1.37** 
90 10.83±3.28* 9.90±2.49* 0.15±1.46 3.10±3.35 9.23±2.24* 
120 -0.06±1.91 3.20±1.69 -1.81±1.85 2.27±2.25 6.98±1.85* 

Data are expressed as mean ± SEM, n=15. *P < 0.05 or *P < 0.001 compared to 

baseline (0 min) within test group in each time points. 



 

 

52 

 
Figure 19 The incremental postprandial plasma glucose concentration (mg/dL) after 

beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 

plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). The incremental 

peak of plasma glucose concentration in sucrose, isomaltulose, green tea, sucrose in 

green tea and isomaltulose were 55.70 ± 2.32, 25.16 ± 2.38, 0.25 ± 1.82, 36.60 ± 2.52 

and 18.83 ± 1.80 mg/dL, respectively. Data are expressed as mean ± SEM n=15.  

a, b, c, d, e Values not sharing the same superscript were significantly different between 

test group in each time points (P < 0.05). 
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Figure 20 The incremental area under the curves (iAUCs) of plasma glucose 

concentration in 2-hr periods after beverages consumption of sucrose (SU), 

isomaltulose (ISO), green tea (GT), green tea plus sucrose (GT+SU) and green tea plus 

isomaltulose (GT+ISO). Data are expressed as mean ± SEM, n=15. a, b, c, d Values not 

sharing the same superscript were significantly different between test groups (P < 

0.05). 
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4.5.1.2  Plasma insulin 

The effects of beverages consumption on the incremental 

postprandial plasma insulin concentration are shown in Table 9 and Figure 

22. Repeated-measures analysis of variance revealed a significant test x time 

interaction (P<0.001) for postprandial plasma insulin concentration, a 

significant test effect (P<0.001) and time effect (P<0.001), followed by LSD 

post hoc test. The consumption of sucrose had rapid rise of insulin 

concentration and the peak of plasma insulin concentration was 30 min and 

returned the baseline concentration after 120 min. In comparison of sucrose, 

the postprandial plasma insulin concentrations in the group consumed 

isomaltulose lower than consumption of sucrose at 15 min (P<0.001), 30 min 

(P<0.001) and 45 min (P<0.001). Ingestion of green tea together with sucrose 

had significantly lower plasma insulin concentration than sucrose at 30 min 

(P<0.001) and 45 min (P<0.001). Moreover, ingestion of green tea together 

with isomaltulose showed lower plasma insulin concentration than 

consumption isomaltulose alone at 30 min (P=0.017) and 45 min (P=0.008). 

Furthermore, replacing of sucrose by isomaltulose in green tea significantly 

decreased in postprandial plasma insulin concentration at 15min (P=0.006), 

30 min (P=0.003) and 45 min (P=0.003) when compared with consumption of 

sucrose with green tea beverage. 

The incremental areas under the curves (iAUCs) of plasma insulin 

concentration are shown in Figure 23. The iAUCs of plasma insulin 

concentration in sucrose, isomaltulose, green tea, green tea plus sucrose and 

green tea plus isomaltulose were 2,676.2±299.3, 1,551.8±269.77, 

 -72.88±47.54, 1,816.28 267.53 and 966.32±156.63 µIU × min/mL, ±

respectively. The iAUCs of plasma insulin concentration was significantly 

reduced approximately 42.01 % in isomaltulose group compared to sucrose 
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group (P=0.002). In addition, the iAUCs of insulin concentration in sucrose 

plus green tea group was significantly lower than sucrose group 

approximately 32.13 % (P=0.003). Moreover, the iAUCs of plasma insulin 

concentration in isomaltulose together with green tea was significantly lower 

than isomaltulose alone by 37.73 % (P<0.001). Furthermore, there was 

significant difference of iAUCs of plasma insulin concentration between 

sucrose with green tea group and isomaltulose with green tea group that 

isomaltulose with green tea group was significantly lower than sucrose with 

green tea approximately 46.80 %.  
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Figure 21 The calibration curve of human insulin concentration (4.4-337 µIU/mL).  
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Table 9 The incremental postprandial plasma insulin concentration (µIU/mL) after 
beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 
plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). 

Time 
(min) 

The incremental postprandial plasma insulin concentration (µIU/mL) 
SU ISO GT GT+SU GT+ISO 

0 0.00 0.00 0.00 0.00 0.00 
15 28.22±5.56** 8.70±3.96* -0.48±0.33 16.63±3.91* 3.77±0.71** 
30 51.64±7.72** 18.17±3.60** -1.03±0.65 27.93±5.92** 9.02±1.43** 
45 43.57±4.89** 19.48±3.77** -0.53±0.38 25.59±3.92** 12.06±2.46** 
60 22.11±3.17** 16.12±3.77* -0.62±0.52 16.45±3.48** 10.37±2.13** 
90 9.52±1.82** 13.38±2.75** -0.57±0.57 9.65±2.05** 7.84±1.50** 
120 2.78±1.17* 6.19±1.41* -0.75±0.36 6.95±2.39* 8.33±1.33** 

Data are expressed as mean ± SEM, n=15. *P < 0.05 or *P < 0.001 compared to 

baseline (0 min) within test group in each time points. 
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Figure 22 The incremental postprandial plasma insulin concentration (µIU/mL) after 

beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 

with sucrose (GT+SU) and green tea with isomaltulose (GT+ISO). The incremental 

peak of plasma insulin concentration in sucrose, isomaltulose, sucrose in green tea 

and isomaltulose were 51.64 ± 7.72, 19.48 ± 3.77, 27.93 ± 5.92 and 12.06 ± 2.46 

µIU/mL, respectively. Data are expressed as mean ±SEM, n=15. a, b, c, d Values not 

sharing the same superscript were significantly different between test groups in each 

beverage (P < 0.05). 
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Figure 23 The incremental area under the curves (iAUCs) of plasma insulin 

concentration in 2-hr periods after beverages consumption of sucrose (SU), 

isomaltulose (ISO), green tea (GT), green tea plus sucrose (GT+SU) and green tea plus 

isomaltulose (GT+ISO). Data are expressed as mean ± SEM, n=15. a,b,c,d Values not 

sharing the same superscript were significantly different between test groups in each 

time points (P < 0.05). 
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Figure 24 Correlation between the incremental postprandial plasma glucose 
concentration (µIU/mL) and the incremental postprandial plasma insulin 
concentration (µIU/mL) after beverages consumption. Data are expressed as  
mean ± SEM, n=15, r = 0.967 and P<0.001.  
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4.5.2 Plasma antioxidant capacities 

4.5.2.2 Ferric reducing ability of plasma (FRAP) 

The effects of beverages consumption on the incremental plasma 

antioxidant concentrations using FRAP assay are shown in Table10 and Figure 

24. Repeated-measures analysis of variance revealed a significant test x time 

interaction (P=0.013) for postprandial plasma antioxidant concentration, a 

significant time effect (P<0.001) and test effect (P<0.001), followed by LSD post 

hoc test. The consumption of green tea beverage increased high antioxidant 

concentration that the peak of plasma antioxidant concentration was 

50.20±9.31 µM at 30 min. However, consumption of green tea together with 

sucrose was significantly decreased in increasing of antioxidant level at 15 min 

(P=0.039), 30 min (P=0.033) and 60 min (P=0.023) compared to consumption of 

green tea alone. On the other hand, consumption of green tea together with 

isomaltulose was no significant difference in plasma antioxidant concentration 

at individual time points when compared with consumption of green tea alone.  

The incremental area under the curves (iAUCs) of plasma 

antioxidant concentrations are shown in Figure 25. The iAUCs of plasma 

antioxidant concentrations in sucrose, isomaltulose, green tea plus sucrose and 

green tea plus isomaltulose were -920.1±311.9, -623.1±291.1, 4,087.6±419.3, 

2,437.2±418.2 and 3,412.2±398.2 µM × min, respectively. The iAUCs of plasma 

antioxidant concentration was significantly reduced approximately 40.38 % in 

green tea with sucrose group compared to green tea group (P<0.001), whereas 

replacing of sucrose by isomaltulose in green tea beverage was significantly 

increased approximately 28.57 % in the iAUCs of plasma antioxidant 

concentrations when compared with sucrose with green tea (P=0.032). 

Furthermore, there was no significant difference in the iAUCs of plasma 
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antioxidant concentrations between green tea plus isomaltulose group and 

green tea alone. 

 

Table 10 The incremental postprandial plasma antioxidant concentrations (µM) 
determined by FRAP assay after beverages consumption of sucrose (SU), isomaltulose 
(ISO), green tea (GT), green tea plus sucrose (GT+SU) and green tea plus isomaltulose 
(GT+ISO). 

Time 
(min) 

The incremental postprandial plasma antioxidant concentrations (µM) 

SU ISO GT GT+SU GT+ISO 
0 0.00 0.00 0.00 0.00 0.00 
15 -15.63±4.48* -10.58±5.47 32.23±6.05** 14.52±3.34* 18.11±2.83** 
30 -0.16±4.11 -12.65±7.92 50.20±9.31** 24.10±5.41* 32.96±6.23** 
45 -3.73±6.66 2.29±3.84 39.53±4.56** 30.88±3.01** 41.69±12.03* 
60 2.03±6.36 0.72±7.99 40.56±4.05** 29.17±5.34** 41.06±8.44** 
90 -18.72±7.09* -4.53±6.09 30.25±5.64** 19.26±6.03* 27.85±5.30** 
120 -7.42±4.13 -12.61±4.97* 29.20±8.79* 10.69±6.53 17.43±2.68** 

Data are expressed as mean ± SEM, n=15. *P < 0.05 or *P < 0.001 compared to 

baseline (0 min) within test groups in each time points. 
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Figure 25 The incremental postprandial plasma antioxidant concentration by FRAP 

assay after beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), 

green tea plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). The 

incremental peak of plasma antioxidant concentration in green tea, sucrose in green 

tea and isomaltulose were 50.20 ± 9.31, 30.88 ± 3.01 and 41.69 ± 12.03 µM, 

respectively. Data are expressed as mean ±SEM, n=15.  a,b,c Values not sharing the 

same superscript were significantly different between test groups in each time points 

(P < 0.05). 
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Figure 26 The incremental area under the curves (iAUCs) of plasma antioxidant 

concentration in 2-hr periods after beverages consumption of sucrose (SU), 

isomaltulose (ISO), green tea (GT), green tea plus sucrose (GT+SU) and green tea plus 

isomaltulose (GT+ISO). Data are expressed as mean ± SEM, n=15. a,b,c,d Values not 

sharing the same superscript are significantly different between test groups in each 

time points (P < 0.05). 
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4.5.2.3 Plasma Malondialdehyde (MDA) 

The effects of beverages consumption on the incremental 

plasma MDA concentration is shown in figure 26. The consumption of 

green tea reduced plasma MDA concentration and the highest reduction of 

plasma MDA concentration was -0.208±0.040 µM at 120 min. Consumption 

of green tea together with sucrose significantly decreased reduction of 

plasma MDA concentration at 30 min (P=0.001) and 45 min (P=0.008) when 

compared with consumption of green tea. In addition, consumption of 

green tea together with isomaltulose produced a greater reduction of 

plasma MDA concentration than green tea with sucrose at 15 min 

(P=0.041) and 30 min (P=0.024). Nevertheless, there were no significant 

differences of plasma MDA concentration between green tea alone and 

green tea plus isomaltulose.  

  The incremental areas under the curves (iAUCs) of plasma MDA 

concentration are shown in Figure 27. The iAUCs of plasma MDA 

concentration in sucrose, isomaltulose, green tea, green tea plus sucrose 

and green tea plus isomaltulose were -5.72±1.47, -7.11±1.14, -18.00±1.93, -

11.75±1.31 and -14.89±1.62 µM × min, respectively. The iAUCs of plasma 

MDA in green tea plus sucrose was significantly lower than green tea alone 

about 34.72 % (P=0.041). In addition, consumption of green tea together 

with isomaltulose was higher reduction of plasma MDA concentration than 

green tea plus sucrose about 21.09 % (P=0.040). In contrast, there were no 

significant differences in iAUCs of plasma MDA concentration between 

consumption of green tea and green tea plus isomaltulose. 
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Figure 27 The calibration curve of MDA concentration (0.25-2 µM) 
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Table 11 The incremental postprandial plasma MDA concentrations (µM) after 
beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 
plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). 

Time 
(min) 

The incremental postprandial plasma MDA concentrations (µM) 
SU ISO GT GT+SU GT+ISO 

0 0.000 0.000 0.000 0.000 0.000 
15 -0.061±0.021* -0.010±0.035 -0.122±0.028** -0.065±0.021* -0.121±0.018** 
30 -0.031±0.042 -0.040±0.029 -0.130±0.019** -0.057±0.010** -0.101±0.021** 
45 -0.075±0.016** -0.043±0.061 -0.166±0.027** -0.091±0.012** -0.115±0.019** 
60 -0.032±0.028 -0.063±0.023* -0.122±0.027** -0.108±0.021** -0.122±0.017** 
90 -0.062±0.020* -0.084±0.019* -0.142±0.033** -0.129±0.021** -0.150±0.015** 
120 -0.043±0.028 -0.090±0.023* -0.172±0.054** -0.153±0.019** -0.172±0.025** 

Data are expressed as mean ± SEM, n=15. *P < 0.05 or *P < 0.001 compared to 

baseline (0 min) within test group in each time points. 
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Figure 28 The incremental postprandial plasma MDA concentration (µM) after 

beverages consumption of sucrose (SU), isomaltulose (ISO), green tea (GT), green tea 

plus sucrose (GT+SU) and green tea plus isomaltulose (GT+ISO). The highest 

reduction of plasma MDA concentration in sucrose, isomaltulose, green tea, sucrose 

in green tea and isomaltulose were -0.075 ± 0.016, -0.090 ± 0.023, -0.208 ± 0.004,  

-0.153 ± 0.019 and -0.172 ± 0.018 µM, respectively. There was no significant test x 

time interaction effect (P=0.271) for postprandial plasma MDA concentration, but a 

significant treatment main effect (P<0.001), followed by LSD post hoc test. Data are 

expressed as mean ± SEM, n=15. a,b,c Values not sharing the same superscript are 

significantly different between test groups (P < 0.05). 
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Figure 29 The incremental area under the curves (iAUCs) of plasma MDA 

concentration in 2-hr periods after beverages consumption of sucrose (SU), 

isomaltulose (ISO),  green tea (GT), green tea plus sucrose (GT+SU) and green tea 

plus isomaltulose (GT+ISO). Data are expressed as mean ± SEM, n=15. a,b,c,d Values 

not sharing the same superscript are significantly different between test groups (P < 

0.05). 
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Figure 30 Correlation between the incremental postprandial plasma antioxidant 

concentration (µM) and the incremental postprandial plasma MDA concentration 

(µM) after beverages consumption. Data are expressed as mean ± SEM, n=15,  

r = 0.687 and P<0.001.  
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PART III INHIBITION OF α-GLUCOSIDASE ACTIVITY BY GREEN TEA EXTRACT 

3.1 The total polyphenols in green tea extract 

As shown in Table 7, total polyphenols of green tea extract were 

246.44±1.64 mg gallic acid equivalents/g dried extract. Total phenolic contents 

were calculated using the calibration curve of gallic acid concentrations on Folin-

Ciocalteu method (Figure 16).  

 

Table 12 The phytochemical analysis of green tea 

 Green tea extract 
(mg gallic acid equivalents/g dried extract) 

Total polyphenols  246.44±1.64 

Data are expressed mean ± S.E.M; Green tea extract (n=3)  

 

3.2 The intestinal α-glucosidase inhibitory activity of green tea  

The green tea extract was determined for intestinal α-glucosidase 

(isomaltase) inhibitory activity. Total polyphenols in green tea extract was 

246.44±1.64 mg gallic acid equivalents/g dried extract. In the assay solution, the 

specific activity of isomaltase enzyme was 0.021±0.003 units/mg protein. The 

percentage intestinal isomaltase inhibition of green tea at various concentrations 

is shown in Figure 29. The green tea extract of each concentration at 0.25, 0.5, 1, 

2, 4 and 6 mg/ml inhibited intestinal isomaltase by 4.13±0.86, 5.19±0.20, 

8.26±0.58, 14.03±1.74, 19.03±3.28 and 26.15±3.28 %, respectively. 
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Figure 31 The percentage enzyme inhibition of isomaltase activity by green tea 

extract. Data are expressed as mean ± SEM, n=3. 
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CHAPTER V 

DISCUSSION 

Sugary beverage contained high amount of adding sugar which leading to low 

satiety and potential incomplete compensation for total energy result in the 

elevation of energy intake (Malik et al., 2010). Long-term consumption of sugary 

beverage related to triglyceride accumulation, visceral fat, and body weight that were 

a risk of development of metabolic syndrome (Grimes et al., 2013; Grundy et al., 

2004; Stanhope et al., 2009). The randomized clinical trial reported that sugary 

beverages, sucrose (to 28% of total energy), increased body weight and fat mass after 

10 weeks (Raben et al., 2002). Moreover, the consumption of sugary beverages 

(providing 25% of energy requirements) for 10 weeks increased the level of 

triglyceride and the accumulation of visceral fat (Stanhope et al., 2009). Some studies 

also concluded that sugary beverages may play a role in the elevation of obesity risk 

and the epidemic of obesity (Bray et al., 2004; Grimes et al., 2013; Hu F. B. and Malik, 

2010). In addition, sugary beverages contained high level of dietary glycemic load 

(GL) which lead to inflammation, insulin resistance, and impaired ß-cell function 

(Malik et al., 2006; Schulze et al., 2004). A meta-analysis study reported that 

in  individuals the highest quantile of sugary beverage (most often 1–2 servings/day) 

had a 26% greater risk of developing type 2 diabetes than those in the lowest 

quantile (none or <1 serving/month) (Malik et al., 2010). Isomaltulose, a natural 

occurring disaccharide, has been interested in replacing sweeteners in beverage 

because of slow digestion and absorption rate (Dahlqvist et al., 1963; Kawai et al., 

1985). 
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Postprandial plasma glucose concentration 

The results showed that postprandial plasma glucose concentration was 

decreased when replacing sucrose by isomaltulose (Palatinose®) which was 

consistent with previous studies. For example, consumption of palatinose-based 

liquid diet in healthy men reduced their postprandial plasma glucose compared to 

control liquid diet containing dextrin and sucrose (Arai et al., 2007). In addition, 

consumption of 140 g cookies and 250 mL drink containing in a total of 50 g 

Palatinose® in overweight subjects was considerably lowered the postprandial 

plasma glucose than consumption of sucrose (Konig et al., 2012). The possible 

mechanism of isomaltulose on the reduction of postprandial blood glucose 

concentration may be due to its slow rate of digestion and absorption. Dahlqvist A et 

al (1963) reported that the digestion rate of isomaltulose by the homogenate of 

human intestinal mucosa was one-fourth that of sucrose (Dahlqvist et al., 1963). In 

addition, the absorption rate of isomaltulose was also found to be slower than that 

of sucrose (Kawai et al., 1985). Accordingly, this mechanism may lead to decrease 

postprandial plasma glucose concentration. 

  In term of green tea, it contained high amount of phenolic compounds, 

especially flavonoids and catechins; mainly in epigallocatechin-3-gallate (EGCG) 

(Chacko et al., 2010). Previous in vitro studies that polyphenols can inhibit intestinal 

glucose transports SGLT-1 and GLUT-2 in Caco-2 intestinal cell (Farrell et al., 2013; 

Kwon et al., 2007; Shimizu et al., 2000), and inhibit alpha-glucosidase (Koh et al., 

2010). These inhibitory activities of polyphenols may lead to decreasing on the 

digestion of disaccharide and absorption of monosaccharide, and consequently 

lowering postprandial plasma glucose concentration. The present study also showed 

the consumption of green tea together with sucrose led to reduce postprandial 

plasma glucose when compared with sucrose. 
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Furthermore, consumption of green tea beverage together with isomaltulose 

showed greater reduction of postprandial plasma glucose compared to consumption 

of isomaltulose alone. This result was confirmed in our vitro study that found green 

tea could be inhibit isomaltase (enzyme for isomaltulose digestion) activity that 

examined by intestinal α-glucosidase inhibitory activity assay, which may result in 

delaying digestion of isomaltulose. 

 Nevertheless, the replacing of sucrose by isomaltulose in green tea beverage 

reduced postprandial plasma glucose concentration more than consumption of 

sucrose with green tea that was the effect of the combinations effect of isomaltulose 

and green tea. The possible mechanism may be resulted from the slow digestion 

and absorption rate of isomaltulose. Moreover, isomaltulose was inhibited digestion 

enzyme by green tea. Thus, consumption of green tea together with isomaltulose 

enhanced the reduction of postprandial plasma glucose concentration. Therefore, 

consumption of isomaltulose with green tea beverage can decrease glucose 

concentration in blood. In long term consumption of isomaltulose with green tea 

may decrease risk of obesity and metabolic syndrome when compared with other 

sugary beverage. In addition, it may be helpful in postprandial hyperglycemia 

management that was an important contributor to the development of insulin 

resistance and type 2 diabetes (Ludwig, 2002). 

 Postprandial plasma insulin concentration 

The result showed that the reduction of the postprandial plasma insulin 

concentration in isomaltulose compared to sucrose. Konig D et al (2012) found also 

consumption of 50 g isomaltulose in breakfast decreased postprandial insulin 

concentration when compared with consumption of 50 g sucrose (Konig et al., 2012). 

Previous studies of artificial sweeteners also showed the depletion of postprandial 

plasma insulin compared to sucrose (Anton et al., 2010; Ma et al., 2009). This result 
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was suggested that plasma glucose stimulated insulin secretion, leading to increased 

insulin concentration in blood (Straub and Sharp, 2002) that the result showed 

plasma glucose concentration was positively correlated with plasma insulin 

concentration. Consumption of isomaltulose reduced plasma glucose concentration 

when compared with sucrose. Thus, plasma insulin concentration in isomaltulose 

group was lower than sucrose group.  

In addition, the result found that consumption of sucrose together with green 

tea beverage decreased plasma insulin concentration compared to consumption of 

sucrose alone as the previous study (Bryans et al., 2007). In the same way, 

consumption of isomaltulose together with green tea beverage showed greater 

reduction of plasma insulin concentration compared to isomaltulose alone. These 

results was suggested that plasma glucose induced insulin secretion, and then 

increased insulin concentration in blood for facilitating glucose entry into cells 

(Straub and Sharp, 2002). Consumption of green tea with sweeteners reduced 

postprandial plasma glucose when compared with consumption of sweeteners 

alone, leading to reduction of insulin concentration in blood vessel. Although the 

previous studies showed polyphenols in green tea can enhance insulin secretion of 

pancreatic β-cell (Hii and Howell, 1984, 1985), this result did not found increasing of 

insulin after consumption of green tea with sweeteners, compared with consumption 

of sweeteners alone. In contrast, the result found that increasing of plasma insulin 

concentration was consistent with increasing of plasma glucose concentration.  

Furthermore, consumption of isomaltulose with green tea was higher 

reduction of plasma insulin concentration than consumption of sucrose with green 

tea. This result explained as correlation of plasma glucose concentration and insulin 

secretion. Plasma glucose concentration of isomaltulose with green tea group was 

lower than sucrose with green tea group, leading to lowering of plasma insulin 
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concentration in consumption of isomaltulose with green tea. Therefore, 

consumption of isomaltulose with green tea beverage can help to control blood 

sugar and insulin concentration that in long term consumption of isomaltulose with 

green tea may decrease risk of obesity and metabolic syndrome. 

Postprandial plasma antioxidant concentration 

Antioxidants protect against free radicals that it important for preserving good 

health. Imbalanced of free radicals adversely alter lipids, proteins, and DNA, leading 

to development of pathogenesis in several human diseases (Lobo et al., 2010). A 

balance between antioxidants and free radicals is necessary for proper function and 

physiological systems. Consumption of antioxidant from diet has been implicated as 

a possible to prevent or reduce the development of cancer, diabetes, hypertension 

and cardiovascular disease (Pandey and Rizvi, 2009). The FRAP assay is widely used 

to examined antioxidants capacity on electron donation by reducing Ferric (Fe3+) to 

Ferrous (Fe2+) (Benzie and Strain, 1996). Green tea polyphenols have been shown to 

act as antioxidants, including iron-chelating capacities (Forester and Lambert, 2011; 

Srichairatanakool et al., 2006).  

The results showed that consumption of green tea increased plasma 

antioxidant concentration (FRAP) which was consistent with previous studies (Benzie 

et al., 1999; Leenen et al., 2000; Pecorari et al., 2010). Frei and Higdon (2003) 

supported that green tea contain rich polyphenols, especially flavonoids (e.g. 

catechins) that has shown to anti-oxidative activities by scavenging reactive oxygen 

and nitrogen species and chelating redox-active transition metal ions, leading to 

increasing of antioxidants status in the body (Frei and Higdon, 2003).  

Furthermore, this study was the first investigation for the consumption effect 

of adding sweetener in green tea beverage on antioxidant capacity. The result found 

that consumption of green tea together with sucrose were significantly decreased 
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antioxidant status (FRAP) when compared with consumption of green tea alone, but 

there was no significant difference of antioxidant status between green tea plus 

isomaltulose and green tea alone. In contrast, consumption of green tea together 

with isomaltulose markedly improved the depletion in total antioxidant status of 

green tea with sucrose. The underlying mechanism how refined sugar attenuates the 

antioxidant capacity of green tea that found in this study remains unclear. It is 

postulated that polyphenols and flavonoids in green tea may compete with glucose 

for the absorption at the same transporter (sodium-dependent glucose transporters, 

SGLT1) (Walgren et al., 2000). Thus, high glucose concentration in small intestine may 

interrupt polyphenols (flavonoids) absorption, leading to decreasing of antioxidant 

capacity of green tea. Sucrose was digested into high amount glucose and fructose, 

so consumption of sucrose was high interruption of polyphenols (flavonoids) 

absorption. As a result, consumption of sucrose with green tea beverage significantly 

decreased antioxidant status when compared with consumption of green tea alone. 

On the other hand, replacing sucrose by isomaltulose may result in the reduction of 

glucose absorption as a consequence the competitive absorption between glucose 

and polyphenols may also decline. This could be probably explained the 

improvement of depleting antioxidant status when sucrose was replaced with 

isomaltulose in green tea. Therefore, replacing of sucrose by isomaltulose in green 

tea beverage was significantly increased antioxidant status. Our finding suggested that 

consumption of green tea with isomaltulose may help to preserve antioxidant 

capacity of green tea that consumption of green tea with isomaltulose may reduce 

protein oxidation, DNA damage, and lipid peroxidation more than consumption of 

green tea with sucrose. 
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Postprandial plasma MDA concentration 

 Lipid peroxidation is a process generated naturally in the body which several 

reactive oxygen species such as free radicals ,hydroxyl radical and hydrogen peroxide 

attack lipids containing carbon-carbon double bond(s), particularly polyunsaturated 

fatty acids (PUFAs) (Mylonas and Kouretas, 1999). Lipid peroxidation is assessed 

indirectly by secondary product measurement, especially malondialdehyde (MDA) 

which widely used to indicate the occurrence of lipid peroxidation (Moselhy et al., 

2013). In addition, MDA were used as plasma markers of free radicals. Plasma MDA 

can increase from naturally occurring product in the body and consumption of 

butter, margarine, oil and meat (Mylonas and Kouretas, 1999; Uribarri et al., 2010). 

The accumulations of MDA in human plasma can modified low-density lipoprotein 

(LDL) that is one of the main initiators of atherogenesis (Ishigaki et al., 2008; Libby et 

al., 2011).  

The result found that plasma MDA concentration decreased from baseline 

values in all groups. This result explained about plasma MDA can excrete by kidney 

that the elimination half-live of MDA in plasma was 13 hours (Brunmark et al., 1995), 

leading to decreasing of plasma MDA concentration. In addition, the result showed 

that consumption of green tea (total polyphenols approximately 480 mg gallic acid 

equivalents) was the greatest reduction of plasma MDA. Several studies found that 

antioxidant properties of polyphenols can decrease MDA (Gorelik et al., 2008; Netzel 

et al., 2007; Sirota et al., 2013; Torabian et al., 2009). For example, Sirota R et al 

(2013) found that consumption of 200 mL roasted coffee (total polyphenols 

approximately 500 mg gallic acid equivalents) by healthy volunteers during a meal of 

red-meat cutlets decreased accumulation of MDA in plasma (Sirota et al., 2013). 

Netzel M et al (2007) found that consumption of beverage (total polyphenols 

approximately 780 mg gallic acid equivalents) was significantly reduced of urinary 
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MDA approximately 26%, compared with control (Netzel et al., 2007). These results 

were suggested that polyphenols act as antioxidant properties by mechanisms that 

reduced the generation of superoxide anions, hydroxyl radicals and lipid peroxyl 

radicals (Chen et al., 1990; Husain et al., 1987; Torel et al., 1986). The reduction of 

those free radicals can decrease lipid peroxidation, leading to decreasing of MDA 

formation (Mylonas and Kouretas, 1999). However, the reduction of plasma MDA in 

this study was unclear the mechanism that may result from reduction of MDA 

formation or increasing MDA excretion.  

Furthermore, consumption of green tea together with sucrose significantly 

decreased reduction of plasma MDA compared to consumption of green tea alone, 

whereas consumption of green tea together with isomaltulose produced a greater 

reduction of plasma MDA than green tea with sucrose. These results were explained 

by correlation between antioxidant capacity of polyphenols in green tea and plasma 

MDA that consumption of sucrose may decrease polyphenols absorption more than 

isomaltulose, leading to decreased reduction of plasma MDA concentration. Thus, 

our finding suggest that consumption of green tea with isomaltulose decreased 

accumulation of MDA in plasma more than consumption of green tea with sucrose, 

so consumption of isomaltulose in green tea has effective in reducing the 

atherosclerosis risk more than that of sucrose. 
 

 

 

 

 

 

 

 



 

 

81 

CHAPTER VI 

CONCLUSION 

This study demonstrated that green tea can suppress postprandial plasma 

glucose and insulin concentration after consumption with sucrose. Moreover, the 

replacing sucrose by isomaltulose in green tea beverage showed a higher reduction 

of postprandial plasma glucose and insulin concentration. In addition, the 

consumption of green tea increased plasma antioxidant capacity (FRAP) and 

decreased plasma MDA concentration, whereas they were found to decrease when 

drinking green tea together with sucrose. Interestingly, drinking green tea together 

with isomaltulose preserved antioxidant capacities of green tea, when used for 

sucrose substituting in green tea beverage. Therefore, the replacing sucrose by 

isomaltulose in green tea beverage improves postprandial plasma glucose, insulin 

and antioxidant capacity. This study suggested that isomaltulose may be one 

alternative sweetener for beverage manufacturers worldwide in response to 

perceived consumers demand. 
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