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พิมพ์อร สุขแล้ว : การเปลี่ยนแปลงทางเมแทบอลิสมในเลือดหลังรับประทานอาหารมื้อแรก
ที่มีไขมันสูงร่วมกับเครื่องดื่มไอโซมอลทูโลสตามด้วยอาหารปกติในมื้อที่สอง ในผู้ชายอ้วน 
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มีอัตราเพิ่มขึ้น การบริโภคอาหารประเภทนี้จะเพ่ิมความเสี่ยงของโรคทางเมแทบอลิก ในปัจจุบันนี้สาร
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น้ าตาล อินซูลิน ไขมัน  การเกิด lipid peroxidation (Malondialdehyde หรือ MDA) ในเลือด 
และความหิว-ความอ่ิม ในผู้ชายอ้วน หลังการบริโภคอาหารที่มีไขมันสูงร่วมกับเครื่องดื่ม ISO ในมื้อ
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been increased in modern lifestyle. They associate with increased risks of developing 
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Isomaltulose (ISO), a low-glycemic index sugar, has shown to improve postprandial 
glycemia. However, no studies have shown the effect of ISO on the second-meal 
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lipid peroxidation (Malondialdehyde or MDA) and appetite of the ISO-containing 
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CHAPTER I 

INTRODUCTION 

1. Background and significance of the study 

  Obesity is a condition in which excess accumulation of body fat that 

may have an adverse effect on health leading to various diseases and cause of 

death. In general, percent of body fat in healthy people is classified by 

gender. The normal body fat percentage for a man is about 12-20 percent of 

total weight, while the normal body fat percentage for a woman is about 20-

30 percent of total weigh. However, obese has the percentage of body fat 

more than 25 percent for males and more than 33 percent for females 

(Xavier Pi-Sunyer 2000). Moreover, obesity has been evaluated by 

anthropometric measurement such as Body Mass Index (BMI) ≥ 30 kg/m2 for 

European and African (Organization 2000), and  ≥ 25 kg/m2 for Asian. Today, 

obese present with 1.1 billion people, and every 10 children will have 1 child 

who is overweight or obese (Haslam and James). Therefore, it is a major 

problem of the world and the prevalence increases in every year.  

  Obesity is an important factor cause of metabolic disease such as 

heart disease (Organization 2000), colon cancer (Vainio and Bianchini 2001) 

and type 2 diabetes (Haslam and James). An adipose tissue in obese releases 

increased amounts of non-esterified fatty acids, glycerol, hormones, pro-

inflammatory cytokines and other factors that induce β-cell dysfunction and 

decrease insulin secretion. That involved in the development of insulin resistance, 

impaired glucose tolerance and eventually type 2 diabetes (Kahn et al., 2006). 

One mechanism is decreasing insulin secretion, it effect to increase 

triglyceride decay into free fatty acids (non-esterified free fatty acid). 
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Moreover, the free fatty acids can induce β-cells dysfunction and lead to 

insulin resistance causing metabolic syndromes causing (Leung et al., 2004). 

Factors causing obesity are the eating behavior and especially dietary intake 

especially high-fat diet and sugar (Davis et al., 2011; Millar et al., 2014).    

   High-fat diet (HF) is a one types of diet that is shown a higher intake in 

modern living. The definition of high-fat diet is a food that contains fat more than 

35% of total energy (Vannice and Rasmussen 2014). Excessive intake of high-fat 

diet is a major cause weight gain, increase blood glucose levels and may may 

insulin resistance (Rajagopalan et al., 2003). Many evidences confirmed that high 

fat diet induced increases in blood glucose and insulin levels during fating state. 

The saturated fatty acids in high-fat diet are the main cause of insulin resistance 

and further develop to type 2 diabetes (Budohoski et al., 1993; Buettner et al., 

2007). In addition, consumption of high-fat diet may reduce antioxidant status in 

the body by raising the oxidative stress, particularly lipid peroxidation (Cani et al., 

2008; Matsuzawa-Nagata et al., 2008).  

  Furthermore, high-fat diet was usually served with sweet drinks in 

which high in sugar component, regardless of taste. Sucrose is the sugar that is 

commonly used in the daily life to add in foods and drinks. Morethan 50 years 

ago, the consumption of sugar was triple increased (Lustig et al., 2012). The 

excessive sugar intake especially sucrose can generate body fat accumulation 

(Malik et al., 2006) by regulate craving and appetite (Lindqvist et al., 2008), 

and it is a major cause of metabolic diseases (Malik et al., 2010). Although, 

sucrose is medium-glycemic index (medium-GI) (GI=65) sugar based on 

glucose scale (Atkinson et al., 2008), it was classified as high-GI value (GI=97) 

based on white bread scale (Foster-Powell et al., 2002). After sucrose 
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consumption result in marked fluctuations in blood sugar and insulin levels due 
to rapid digestion and absorption (Venn and Green 2007). 

Glycemic index (GI) is a rank of carbohydrates on a scale from 0 to 
100 according to the extent to raise blood sugar levels after eating. Foods with 
high-GI are rapidly digested and absorbed, resulting in marked fluctuations in 
blood glucose levels while low-GI foods, by virtue of their slow digestion and 
absorption, produce gradual rises in blood glucose and insulin levels. 

Consumption of low-GL food has proven benefits for diabetic patients and 

healthy people (Jenkins et al., 1981; Liljeberg and Björck 2000). Many studies 

reported that consumption of low-GI at first-meal consumption can improve 

glucose tolerance after second-meal consumption (HG et al., 1999; Jenkins et al., 

1982; Venn and Green 2007). The second-meal effect is the effect of the first meal 

has on the blood glucose level after consumption the second-meal (Wolever et 

al., 1988). Thus, if we consume food (low-GI diet) that can delay the rising of 

blood glucose after meals. It may control glycemic variability and reduce the 

occurrence of insulin resistance. 

At the present, people begin to use sugar or sweeteners instead of 

sucrose for controlling glycemic response. Isomaltulose is a one kind of sugar that 

is interesting, its chemical name is 6-O-α-D-glucopyranosyl-D-fructofuranose (CAS. 

No.13718-94-0) and commercial name is Palatinose®. Isomaltulose is natural 

occurring disaccharide or reducing disaccharide (Lina et al., 2002), it is composed 

of glucose and fructose linked a-1,6 instead of a-1,2. It usually found in honey, 

sugar cane and molasses (Takazoe 1985). Chemical properties of isomaltulose are 

similar to sucrose. But sweetness of an isomaltulose contains only 0.3-0.6 of 

sucrose (O'Donnell and Kearsley 2012). In the process of digestive system, 

isomaltulose digested in jejunum and absorb at brush border same other sugars 

but slow rate of hydrolyze and absorption than sucrose (Dahlqvist et al., 1963; 
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Lina et al., 2002; Tonouchi et al., 2011). Studies show that isomaltulose can 

decrease blood glucose levels, insulin levels and triglyceride in healthy people 

and diabetic patients.  Because of slow rate of digestion and absorption bring 

about to decrease blood glucose level and insulin secretion (Brunner et al., 2012; 

Dye et al., 2010; Kawai et al., 1985). Moreover, it leads to increase fat oxidation 

(König et al., 2012) and no reported toxicity and adverse effect on gastrointestinal 

system (Asquith et al., 1986; Jonker et al., 2002; Lina et al., 1997).   

Therefore, this research aim to investigate the effect of an 

Isomaltulose with high fat diet on postprandial blood glucose, insulin levels and 

lipid profiles including to hunger and fullness levels and its effect on second-meal 

in obese subjects. 

 

2. The objectives of the study 

 2.1 To determine the effect of Isomaltulose-based high fat diet on 

postprandial glucose, insulin levels, triglyceride, non-esterified fatty acids (NEFA) 

and lipid peroxidation and its effect on the second-meal consist of regular diet in 

obese men. 

 2.2 To determine the effect of Isomaltulose-based high fat diet on 

hunger and fullness levels and its effect on the second-meal consist of regular 

diet in obese men 
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3. Hypotheses 

  3.1 Isomaltulose-based high fat diet consumption in the first-meal can 

reduce postprandial blood glucose levels, insulin levels, triglyceride, NEFA and 

lipid peroxidation after first- and second-meal in obese men when compare with 

sucrose-based high fat diet consumption in the first-meal. 

  3.2 Isomaltulose-based high fat diet consumption in the first-meal can 

delay rate of hunger and increase time of fullness after first- and second-meal in 

obese men when compare with sucrose-based high fat diet consumption in the 

first-meal. 
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CHAPTER II 

LITERATURE REVIEW 

1. Metabolic syndrome 

The metabolic syndrome is a major and expanding in worldwide health 

problem because one-quarter of the adult population in the world has metabolic 

syndrome (Kaur 2014).  

1.1 Definition of metabolic syndrome 

Metabolic syndrome was defined by the National Cholesterol 

Education Program‖s Adult Treatment Panel III report (ATP III) as a multiple 

risk factor for cardiovascular disease (CVD) which is deserving of more clinical 

attention (Grundy et al., 2004). 

1.2 Components of Metabolic syndrome 

ATP III was identified the 6 components of metabolic syndrome 

related to CVD. 

1.2.1 Abdominal obesity 

It present in the increased waist circumference. The rising of 

abdominal subcutaneous fat directly effects on hepatic metabolism 

such as lipid synthesis and glucose production (Eckel et al., 2005). 

Moreover, the increasing of abdominal subcutaneous fat authorizes the 

releasing of lipolysis production to systemic circulation (Aubert et al., 

2003). Some evidences found that the abdominal visceral adipose 

tissue more associated with the prevalence of metabolic syndrome 

than abdominal subcutaneous fat (Bajaj and Banerji 2004; Tanaka et al., 

2003).  
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1.2.2 Atherogenic dyslipidemia 

It was characterized by elevated of triglycerides and 

lipoproteins including apolipoprotein B (apo B), small particles of LDL 

and low HDL cholesterol. The abnormalities of them have been 

involved in the CVD. Besides, insulin resistance involves the cause of 

athergenic dyslipidemia by several mechanisms. In general, insulin can 

suppress lipolysis and adipocytes. In the setting of insulin resistance, the 

lipolysis is increased and express by increased free fatty acids (FFA) 

levels flux to the liver, resulting in the elevation of apo B production 

and triglyceride-rich very low-density lipoproteins (VLDL) (Lewis et al., 

1995). In addition, insulin resistance involves with transcription and 

enzyme activity genes of synthesized of hepatic triglyceride and leads 

to hypertriglyceridemia. Consequently, the lipoprotein composition is 

changed by decreasing the cholesteryl ester content of lipoprotein core 

while increasing triglyceride, the changing is cause of rising HDL 

clearance from the circulation (Murakami et al., 1995).          

1.2.3 Raised blood pressure 

Hypertension is closely related to obesity and commonly 

found in insulin resistance patient. Hyperinsulinemia and hyperglycemia 

can develop hypertension in insulin resistance patient by regulate the 

Ranin angiotensin system (RAS) (Malhotra et al., 2001). Hyperinsulinemia 

and insulin resistance also increase sympathetic nervous system activity, 

it presents as increase sodium reabsorption at the kidney, increased the 

responsive of arteries with vasoconstriction and increase cardiac output 

resulting in raised blood pressure (Morse et al., 2005).     
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1.2.4 Insulin resistance 

Insulin resistance demonstrate an abnormal response to 

glucose challenge, in pathophysiologilcal condition was defined as 

normal insulin concentration does not sufficient to regulate normal 

insulin response into the target (Kaur 2014). ATP III classified insulin 

resistance as an emerging risk factor due to it strongly relates to other 

metabolic risk factors and CVD (Grundy et al., 2004). Glucose 

intolerance, another emerging risk factor, is developed in long term of 

insulin resistance patient. In addition, insulin resistance contributes to 

atherosclerosis.    

1.2.5 Proinflammatory state 

It characterized by increased circulating cytokines and acute-

phase reactants such as C-reactive protein (CRP), this condition usually 

found in metabolic syndrome patient (Grundy et al., 2004). The 

elevation of proinflammatory is resulting from the increasing of adipose 

tissue (Trayhurn and Wood 2004).    

1.2.6 Prothrombotic state 

The state is presented by raised in plasminogen activator 

inhibitor (PAI)-1, fibrinogen factor VII and factor VIII, platelet abrasions 

and endothelial dysfunctions (Kaur 2014). The evidence show that 

fibrinogen is acute-phase reactant like CRP and increased when high-

cytokine state  (Grundy 2004).   

1.3 Criteria of metabolic syndrome 

At the present, we have at least 3 recommend clinical criteria from 

3 organizations for metabolic syndrome diagnosis. These criteria are almost 
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similar in many aspects, but they are also different in some points (Grundy et 

al., 2004).  

1.3.1 ATP III 

The recommendation criteria from ATP III are shown in Table 1. 

The diagnosis of metabolic syndrome will be done when occurring of 

the list characteristic by 3 of 5.   

Table 1 Clinical criteria of metabolic syndrome from ATP III (2002) 

Risk factor      Defining level 

Waist circumference 

       Men 

       Women 

Triglycerides  

HDL cholesterol 

       Men 

       Women  

Blood pressure 

Fasting glucose  

 

>102 cm (>40 in) 

>88 cm (>35 in) 

≥150 mg/dL 

 

<40 mg/dL 

<50 mg/dL 

≥130/≥85 mm Hg 

≥110 mg/dL 
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1.3.2 World Health Organization (Consultation 1999) 

  The difference of metabolic syndrome criteria between WHO 

and ATP III is blood pressure, WHO criteria was set higher than ATP III, 

the criteria is presented in Table 2. 

Table 2 Metabolic syndrome criteria from WHO (1999)  

Insulin resistance, identified by 1 of the following: 

 Type 2 diabetes 

 Impaired fasting glucose 

 Impaired glucose tolerance 

 Or for those with normal fasting glucose levels (<110 mg/dL), 

glucose uptake below the lowest quartile for background 

population under investigation under hyper insulinemic, 

euglycemic conditions 

Plus any 2 of the following:  

 Antihypertensive medication and/or high blood pressure (≥140 

mm Hg systolic or ≥90 mm Hg diastolic) 

 Plasma triglycerides ≥150 mg/dL (≥1.7 mmol/L) 

 HDL cholesterol <35 mg/dL (<0.9 mmol/L) in men or <39 

mg/dL (1.0 mmol/L) in women 

 BMI >30 kg/m2 and/or waist:hip ratio >0.9 in men, >0.85 in 

women 

 Urinary albumin excretion rate ≥20 μg/min or 

albumin:creatinine ratio ≥30 mg/g 
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1.3.3 American Association of Clinical Endocrinologists (AACE) (Einhorn 

2003) 

  AACE criteria are clinical criteria for insulin resistance 

syndrome, but this term is no current use. The criteria in Table 3 are 

seemed to combining between ATP III and WHO criteria.  

Table 3 AACE criteria for Insulin resistance syndrome diagnosis (2003)  

Risk factor components Cut points for abnormality 

Overweight/obesity 

Elevated triglycerides 

Low HDL cholesterol 

    Men  

    Women  

Elevated blood pressured 

2-hour post glucose challenge 

Fasting glucose 

Other risk factors 

BMI ≥25 kg/m2 

≥150 mg/dL (1.69 mmol/L) 

 

<40 mg/dL (1.04 mmol/L) 

<50 mg/dL (1.29 mmol/L) 

≥130/85 mm Hg 

>140 mg/dL 

Between 110 and 126 mg/dL 

Family history of type 2 diabetes, 

hypertension, or CVD 

Polycystic ovary syndrome 

Sedentary lifestyle 

Advancing age 

Ethnic groups having high risk for 

type 2 diabetes or CVD 
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2. Diabetes mellitus 

Diabetes mellitus (DM) is a non-communicable chronic disease that 

common found at this time and characterized by high in blood glucose level. 

2.1 Definition of diabetes mellitus 

WHO (1999) (Consultation 1999) and American Diabetes Association 

(ADA 2010) (Association 2010) were explained the definition of DM, “Diabetes 

mellitus is a group of metabolic diseases characterized by hyperglycemia 

resulting from defects in insulin secretion, insulin action, or both. The chronic 

hyperglycemia of diabetes is associated with long-term damage, dysfunction, 

and failure of various organs, especially the eyes, kidneys, nerves, heart, and 

blood vessels”  

DM is result from pancreas cannot produce enough insulin or 

unable to produce insulin and elevate blood glucose levels. Severity of this 

disease due to cells cannot use glucose properly. Normally, cells use glucose 

as energy and regulated by insulin. Diabetic patients' cell receptor cannot 

work effectively and result in higher blood glucose levels. Long term of DM 

condition, it will damage vascular, peripheral nervous system and leads to 

complications disease. The DM patients are higher risk of cerebrovascular, 

cardiovascular and peripheral vascular disease (Wild et al., 2004).    

    2.2 Diabetes mellitus classification 

ADA 2010 classified DM to 4 types consist of, Type 1 Diabetes 

mellitus it characterizes by the body cannot produce insulin. Type 2 Diabetes 

mellitus is the most common found, caused by pancreas cannot produce 

enough insulin as a result of obesity and low physical activity. The third is 
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other specific types of diabetes and the last type is Gestational diabetes is a 

condition in which high blood sugar during pregnancy (Association 2010). 

2.2.1 Type 1 Diabetes mellitus (Type I DM) 

         Type I DM usually causes from β-cell destruction and result in 

completely lack of insulin. 

        2.2.1.1 Immune mediated 

  It describes as autoimmune destruction of β-cell, it 

associated with environmental factors and genetic 

predispositions. This type of DM has rapid rate of β-cell 

destruction in children and infants, then it becomes slow rate of 

β-cell destruction in adults. The patients in this form are found 

only 5-10% of diabetes. 

        2.2.1.2 Idiopathic diabetes 

  This form of DM has no known etiologies. The patients 

were expressed by permanent insulin deficiency and presented 

in ketoacidosis. 

2.2.2 Type 2 Diabetes mellitus (Type II DM) 

         The type of DM is a chronic condition which result from 

deficiency of insulin secretion, the body resists from insulin activity and 

lead to insulin resistance, but not occur from β-cell destruction 

(Consultation 1999).  The patients in this form are found 90-95% of 

diabetes. This form of DM commonly refers to as type 2 diabetes, non–

insulin dependent diabetes (NIDD), or adult-onset diabetes. Almost of 
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patient with type II DM are obese, that is a factor of development of 

insulin resistance. The improvement of insulin resistance can be made 

by weigh reduction and pharmacological treatment.  

2.2.3 Other specific types of diabetes 

2.2.3.1  Genetic defects of the β-cell 

This form of DM is resulting from genetic abnormalities, 

it expressed by proinsulin unable to change to insulin. It 

presented by hyperglycemia before 25 years old. 

2.2.3.2  Genetic defects in insulin action 

  The genetic abnormalities that effect to insulin receptor 

and contribute to modest hyperglycemia to severe diabetes. 

2.2.3.3  Diseases of the exocrine pancreas 

  It causing by injuring of pancreas lead to decrease β-

cell mass. Then, the damage of β-cell will impair the secretion 

of insulin.      

2.2.3.4  Endocrinopathies 

  Sometimes, hyperglycemia and diabetes are induced 

by excessive hormones secretion such as glucagon, growth 

hormone, epinephrine, cortisol. 
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2.2.3.5  Drug- or chemical-induced diabetes 

  Many drugs and some chemical (ie. Nicotinic acid, 

thyroid hormone, thiazides, α-interferon, vacor, pentanamide) 

can impair β-cell function lead to DM.    

2.2.3.6  Infections 

  Viruses can cause type I DM such as congenital rubella, 

cytomegalovirus and others. 

2.2.3.7   Uncommon forms of immune-mediated diabetes 

This form of DM is associated with autoimmune disorder 

such as stiff-man syndrome that can induce DM in patients. 

Second is an anti-insulin receptor antibody, the antibodies act 

as insulin agonist and causing hyperglycemia.  

2.2.3.8 Other genetic syndromes sometimes associated with 

diabetes 

  Genetic syndrome especially Down‖s syndrome, 

Klinefelter‖s syndrome and Turner‖s syndrome can induce DM.  

 2.2.4 Gestational diabetes mellitus (GDM)   

       GDM is characterized by glucose intolerance during pregnancy. 

The form of DM generally found approximately 1-14% of pregnancies 

and especially in the 3rd trimester. 
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2.3 Diagnostic criteria for diabetes mellitus  

Today, we have 2 organizations that recommended the diagnostic 

criteria for DM and worldwide used. 

2.3.1 WHO (1999) 

WHO (1999) recommend the diagnosis criteria for DM 

(Consultation 1999) is presented in Table 4. 

Table 4 Diabetes mellitus criteria diagnostic from WHO (1999) 

Test  

Plasma glucose concentration (mmol/L), (mg/dL) 

Impaired Fasting 

glycaemia (IFG) 

Impaired Glucose 

Tolerance (IGT) 

Diabetes 

mellitus 

Fasting plasma 

glucose 

≥6.1 and <7.0, 

(≥110 and <200) 

<7.0 ,(<126) ≥7.0,  (≥126) 

Postprandial 

glucose 2h 

<7.8, (<140) ≥7.8 and <11.1,   

(≥ 140 and <200) 

≥11.1, (≥200) 
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2.3.2 ADA (2010) 

   ADA criteria for diagnosis the DM (Association 2010) are almost 

similar to WHO criteria as shown in Table 5. 

Table 5 Diabetes mellitus criteria diagnostic from ADA (2010) 

Test  
Plasma glucose concentration (mmol/L), (mg/dL) 

Pre-Diabetes Diabetes mellitus 

Fasting plasma 

glucose 

≥5.6 and <6.9,                 

(≥100 and <126) 

≥7.0,  (≥126) 

Oral glucose 

tolerance test  

≥7.8 and <11.1,              

(≥ 140 and <200) 

≥11.1, (≥200) 

Hemoglobin A1c 5.7% - 6.4% ≥6.5% 

 

2.4 Complication of diabetes mellitus 

DM is characterized by hyperglycemia. The high level of blood 

glucose effects to the vascular tree and contribute to morbidity and mortality 

in diabetic patients (Fowler 2011). 

2.4.1 Microvascular complications 

  The complications of microvascular due to the damage of the 

small blood vessels. 
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2.4.1.1 Diabetic retinopathy  

  Diabetic retinopathy seems to the most common 

complication of DM and characterize by the damage of small 

blood vessel to the middle layers of the retina, leading to 

progressive loss of vision and blindness. This complication is a 

result from several mechanisms (Fowler 2011). Moreover, 

hypertension and the severity of hyperglycemia are associated 

to the development of diabetic retinopathy in TIIDM patients 

(Keenan et al., 2007)  

2.4.1.2 Diabetic neuropathy 

  DM can damage nerves through different mechanisms, 

including direct damage by the hyperglycemia and decreased 

blood flow to nerves by damaging small blood vessels. The 

damage can contribute to sensory loss. A lack of sensation can 

lead to untended wounds, which is especially problematic 

because wound deterioration and infection can sometimes lead 

to amputation (Association 2010). The sensory neuropathy is 

involved to the periods of bad glycemic control. Moreover, the 

diabetic neuropathy also cause of morbidity and dead in DM 

patients (Boulton et al., 2005). 

2.4.1.3 Diabetic nephropathy 

  Diabetic nephropathy caused by damage to small 

blood vessels in the renal. It checked by microalbuminuria; the 

excretion of albumin is 30-299 mg in 24 hours, due to losing in 
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filtering capacity of glomerular. In long-term, diabetic 

nephropathy cause of renal failure, leading to a need for dialysis 

or a kidney transplant (Fowler 2011).  . 

2.4.2 Macrovascular complications 

  Macrovascular complications are diseases and conditions of 

the large blood vessels caused by diabetes. These complications can 

occur in blood vessels in any part of the body. The major mechanism is 

the process of atherosclerosis by chronic inflammation and injury in a 

wall of blood vessels. The process associated with the formation of 

atherosclerotic plaque and lipid-rich atherosclerotic lesion with fibrous 

cap (Boyle 2007). Macrovascular complications include cardiovascular 

diseases (CVD) such as myocardial infarction, strokes and insufficiency in 

blood flow to legs (Laing et al., 2003).  

2.5 Prevalence of diabetes mellitus  

In 2000, the diabetes around the world was approximates to be 

2.8%. The research in 2011 reported that 366 million people in the world 

were suffer from diabetes and the number of diabetic patients will rising to 

522 million or 4.4% the diabetes around the world was estimate to be in 

2030 (Whiting et al., 2011; Wild et al., 2004). 

The Ministry of Health in Thailand reports that diabetic patients 

were increased from 2.3% in 1991 to 6.9% in 2009. The researcher predicted 

that diabetic patients will increase to 2 times within 6 years in 2020 and the 
number of new patients up to 8,200,000 people.  
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3. Obesity  

    3.1 The definition of obesity 

Obesity is an abnormal or excessive fat accumulation in the 

adipose tissue (Organization 2000) that presents a risk to health, mental and 

quality of life (Bray et al., 1972). In generally, obesity is a result of an 

imbalance between energy input and energy expenditure.  

    3.2 Type of obesity 

Obesity has 2 types depend on fat distribution (Larsson et al., 

1984).  

3.2.1 Android obesity 

Android obesity is describes the distribution of human adipose 

tissue mainly around the trunk and upper body, in areas such as the 

abdomen, chest, shoulder and nape of neck. This pattern may lead to 

an "apple-shaped" or central obesity, and is more common in males 

than in females.  

        3.2.2 Gynoid obesity 

It is other type of obesity which is fat distribution mainly to the 

hips and bottom. This type is looks like "pear-shaped" and is common in 

females than in males. 

    3.3 Criteria of obesity 

The classification of obesity use for identification and grouping the 

risk of morbidity and mortality.  
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3.3.1 Body Mass Index (BMI) 

 BMI is a tool for measure weigh for height and classify 

underweight, normal weight, overweight and obesity. Although the 

prevalence of obesity was estimated by BMI, fat mass and muscle 

mass are not distinguished. The classification of obesity according to 

BMI is shown in Table 6. 

Table 6 Classification of obesity by BMI 

 

WHO 2004 

(Organization 2000) 

Asia Pacific 2004 (WHO 

2000) 

BMI (kg/m2) BMI (kg/m2) 

Normal 18.5-24.9 18.5-22.9 

Overweight 25.0-24.9 23.0-24.9 

Obese class 1 30.0-34.9 25.0-29.9 

Obese class 2 35.0-39.9 ≥30.0 

Obese class 3 ≥40.0  

3.3.2 Waist circumference 

  Waist circumference is a simple measurement involving to 

total body fat mass and intra-abdominal fat mass (Han et al., 1997) 

which is not associated with height but it correlated to waist to hip 

ration (WHR) and BMI (Lean et al., 1995). Moreover, the increasing of 

waist circumference can increase the risk of CVD (Han et al., 1997). The 

classification of obesity by waist circumference is shown in Table 7. 
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Table 7 Classification of obesity by waist circumference 

 
WHO 2004 (Organization 2000) 

Asia Pacific 2004 

(WHO 2000) 

Obese Obese 

Male ≥102 cm ≥90 cm 

Female ≥88 cm ≥80 cm 

 

3.3.3 Waist to hip ratio (WHR) 

  WHR is a tool for estimate the abdominal fat accumulation 

(Han et al., 1997).  The rising in WHR relate to abdominal fat 

distribution and increasing of metabolic disease (Nguyen and El-Serag 

2010). The classification of obesity by WHR is shown in Table 8. 

Table 8 Classification of obesity by WHR 

 

Asia Pacific 2004 (WHO 

2000) 

Obese 

Male ≥0.9  

Female ≥0.8 

3.3.4 Percent of body fat  

  Body fat consists of the fat that storage in the body fat 

(Deurenberg et al., 1991). The percentage of body fat is simply 

measured by skinfold. In research, it usually measures by many 
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techniques include computed tomography (CT scan), magnetic 

resonance imaging (MRI), and dual energy X-ray absorptiometry (DEXA) 

(Tsigos et al., 2008). The classification of obesity by percentage of body 

fat is shown in Table 9. 

Table 9 Classification of obesity by percentage of body fat 

 

Percent of body fat (Gonzalez et 

al., 2007) 

Normal Overweight Obese 

Male 15-22 >22 >25 

Female 18-32 >32 >35 
 

3.4 Causes of obesity  

An excess energy input will be store as fat by various causes. 

3.4.1 Genetics 

   Human obesity and its metabolic complications are related to 

many single-gene disorders. Moreover, it involved to some receptors 

that play a major role in thermogenesis and the appetite regulation 

(Kopelman 2000). The differences in BMI between people that are due 

to genetics varies depending on the population examined from 6% to 

85% (Yang et al., 2007). The studies about inheritance patterns rather 

than on specific genes have found that 80% of the offspring of 

two obese parents were also obese, in contrast to less than 10% of the 

offspring of two parents who were of normal weight (Walley et al., 

2009).   



 

 

29 

3.4.2 Environmental factors 

  Environment is one factor that implicate to the development 

of obesity. In addition, the interactions between the environment and 

genetics are possible to increase obesity (Kopelman 2000).  

3.4.3 Energy imbalance 

Obesity result from an imbalance energy by the energy intake 

from food more than the energy expenditure (Bray 2004). The influence 

of environmental induces the decreasing of energy expenditure while 

increasing of energy intake. According to the developed nations, the 

people seem to decrease physical activity and the incidence of obesity 

is rising (Rissanen et al., 1991). Although some data found no direct 

correlation between the rising of energy intake and prevalence of 

obesity in developed countries (Lichtman et al., 1992), the individual 

macronutrients such as carbohydrate, protein and fat are associated by 

increase the appetite (Lawton et al., 1993). Some evidence indicated 

that high-fat diet is related to increase fat accumulation and leading to 

obesity (Blundell and MacDiarmid 1997).      

 

3.4.4 Fetal nutrition 

  Previous studies found that the fetus in which undernutrition 

may present the later onset of hypertension, obesity and TIIDM due to 

the genetic inheritance (Kopelman 2000). 
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3.5 Health consequence of obesity 

Obesity is a major risk factor causing various chronic diseases for 

example hypertension (Yusuf et al., 2004), cardiovascular disease (Blokhin and 

Lentz 2013), diabetes mellitus and cancer (Organization 2000).  

3.5.1 TIIDM 

  Obesity induces the rising of plasma insulin lead to insulin 

resistance (Kolterman et al., 1980). Fat distribution in the body 

influence glucose metabolism via several mechanisms. The elevating of 

upper body fat positive correlate with the glucose and insulin response 

to oral glucose challenge (Kopelman 2000). Fat distribution is varying 

response to hormones that related to lipolysis (Reynisdottir et al., 

1994). Free fatty acids (FFAs) that release from lipolysis of adipocytes 

play a major role in hepatic insulin uptake and increase liver 

gluconeogenesis. Moreover, high level of FFA in the circulation cause 

impaired glucose tolerance by impaired hepatic glucose utilization. 

Furthermore, the reducing of hepatic insulin clearance contributes to 

raising the concentration of insulin and impaired insulin receptors 

(Sniderman and Cianflone 1995). The risk of diabetes is dominant 

predicted by BMI (Colditz et al., 1995).     
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3.5.2 CVD 

  Rising body weight or obesity related to elevate fat mass and 

lean. This condition associated with increasing of total blood volume, 

stroke volume and cardiac output (Messerli et al., 1982). The elevation 

in preload and afterload of circulation contribute to left ventricular 

dilation and eccentric hypertrophy (Divitiis de  et al., 1981). Moreover, 

the increasing of circulation preload and afterload promote elevate in 

blood pressure leading to hypertension. Hypertension that causing from 

rising cardiac output is normally found in some moderate obesity (De La 

Maza et al., 1994). 

3.5.3 Cancer 

  Overweight and obesity associate with risk of many cancers by 

several mechanisms. Around 20% of cancer cases were caused by 

obesity (Wolin et al., 2010). The data from International Agency for 

Research on Cancer (IARC) found obesity lead to 9% postmenopausal 

breast cancer cases, 11% of colon cancer cases, 25% of kidney cancer 

cases, 37% of esophageal cancer cases and 39% of endometrial cancer 

case (Vainio et al., 2002). In addition, the increasing of BMI positive 

correlate to cancer mortality (Zhang et al., 2008). According to the 

American Cancer Society data, obesity associated to mortality from 

pancreatic cancer, liver cancer, myeloma and non-Hodgkin‖s lymphoma 

(Calle et al., 2003). Furthermore, the combination between overweight 

and nutrition related to 35% of cancer cases (Peto 1983). 
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3.5.4 Sleep-breathing abnormalities  

  Sleep-breathing result from rising of fat in abdominal and chest 

wall. It effect to whole respiratory system by alter respiratory excursion, 

decrease volume and change ventilation pattern. The alterations are 

remarkable present during the obese patient lies flat or sleep 

(Kopelman 1992).  Furthermore, obese person associated with hypoxia 

and cardiac in arrhythmias due to irregular respiratory mechanics. 

Apnoea is a condition that interrupts breathing during asleep. It cause 

by hypoxia and obstruction blocking the back of the throat which is 

commonly found obese person (Kopelman et al., 1985). The previous 

study indicated more than 50% of men and 30% of women in the 

obese person whom BMI above 35 were sleep-apnoea and snoring 

(Grunstein et al., 1995).  

4. Lipid peroxidation 

Lipid peroxidation is non-radical intermediates derived from unsaturated 

fatty acids, phospholipids, glycolipids, cholesterol esters and cholesterol itself. 

Their formation occur in enzymatic or non-enzymatic reactions involving activated 

chemical species known as "reactive oxygen species" (ROS) which are responsible 

for toxic effects in the body via various tissue damages (Bégin 1990).  

    4.1 Mechanism of lipid peroxidation 

The lipid peroxidation mechanism proceeds by a free radical chain 

reaction. It often affects polyunsaturated fatty acids (PUFA) such as oleic, 

linoleic, and linolenic due to multiple double bonds in the structure. The 

rate of oxidation of these fatty acids increases with the degree of 
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unsaturation. The process consists of 3 major stages: initiation, propagation 

and termination (Halliwell and Gutteridge 1990). 

4.1.1 Initiation 

  This step is the formation of free radicals step. The free radical 

formed by removing labile hydrogen from a carbon atom near to a 

double bond (Saldaña and Martínez-Monteagudo 2013) 

 R-H + I•     R• + I-H 

 4.1.2 Propagation 

  In this step, the free radical from the first step is rapidly 

reacted with molecular oxygen, thereby generate more free radicals. 

Propagation steps often involve hydrogen abstraction or addition of the 

radical to double bonds (Saldaña and Martínez-Monteagudo 2013). 

                                R• + O2                ROO• 

                            ROO•+ R-H       ROOH + R•  

 4.1.3 Termination 

  Termination is final step that involve to formation of 

nonradical products. The reaction often by reaction of a peroxyl radical 

with α-tocopherol (vitamin E) which is the main lipophilic chain-breaking 

molecule in the cell membranes (Saldaña and Martínez-Monteagudo 

2013). 
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                             ROO•+ ROO•                 ROOR + O2  

                                    RO•+ R•                 R-O-R 

     ROO•+ R•                R-R 

    4.2 Measurement of lipid peroxidation  

End products of the mechanism are malondialdehyde (MDA) and 4-

hydroxynonenal (HNE) (Requena et al., 1996). MDA is a low molecular weight 

substances and widely used as an indicator of lipid peroxidation reactions in 

the blood (Janero 1990). Certain diagnostic tests are available for the 

quantification of the end-products of lipid peroxidation, the well-established 

method is thiobarbituric acid reactive substances assay (TBARS Assay) (Niki 

2009). Moreover, the lipid peroxidation in various human and animal can also 

report from HNE-histidine adducts by immunochemical detection (Weber et 

al., 2013).  

    4.3 Consequences of lipid peroxidation  

Lipid peroxidation induces molecular damage and causing chronic 

disease such as diabetes, cardiovascular disease, epilepsy during pregnancy, 

macular degeneration, etc. (Yagi 1987). Previous data found that increasing of 

lipid peroxidation in the patients who were alcoholic, hyperlipidemia, DM, 

hemodialysis, multiple sclerosis, atherosclerosis, stroke and subarachnoid 

hemorrhage (Niki 2009).  

The metabolic syndrome is link to lipid peroxidation via many 

mechanisms. Some studies hypothesized those mechanisms, one was the 

product of lipid peroxidation cause of oxidative stress and result in DM. The 

other due to high level of oxidative stress and low ability of antioxidant 
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defenses, the condition contribute to increase secondary by-product and 

induce insulin resistance (Pillon and Soulage 2012).  

Moreover, obese people have more oxidative stress than healthy 

people due to the accumulation of fat. Then obese are high risk of metabolic 

diseases (Richard et al., 1992)  

5. High-fat diet  

5.1 Definition of high-fat diet 

High fat diet has lots of definition (Rajagopalan et al., 2003) 

such as Atkins' definition is often use is a diet that restricts carbohydrates. (Up 

to 20 grams of carbohydrates in 1 day) and the proportion of fat in the diet is 

vary. In research, high fat diet is also classified as semi-purified high fat diets, 

which vary percentage of fat ranging from, 20 % -60 % of total energy and 

extreme high fat diet consist of fat more than 60% of total energy. At 

present, the academy of Nutrition and Dietetics (Vannice and Rasmussen 

2014) was definition the high-fat diet is a diet contains fat more than 35% 

of total energy.  

5.2 High-fat diet and diseases 

High-fat diet has bad effect to health by increase body weight, 

triglyceride levels (Wolever et al., 1995) and poorly control glycemic 

variability (Buettner et al., 2006) due to rising of free fatty acid that cause 

hepatic insulin resistance and inhibited the actions of insulin on glucose 

uptake and glycogen synthesis and result in increased blood glucose 

levels (Fraze et al., 1985; Homko et al., 2003). Furthermore, high fat diet 

can increase appetite (Dallongeville et al., 1998; Havel 1999).  
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5.2.1 CVD 

 Many studies found the positive correlation between high-fat 

diet and CVD (Hu et al., 1997; Mensink et al., 2003), . High amount of fat 

in diet can increase blood cholesterol, triglycerides levels, LDL-

cholesterols while decrease HDL-cholesterol which is well-recognized 

risk factor for CVD (Samaha et al., 2007). Consumption of saturated fatty 

acids (SFA) such as lauric (C12:0), myristic (C14:0) and palmitic (C16:0) 

associate and total cholesterol (Keys et al., 1965), as well as LDL-

cholesterol (Jakobsen et al., 2009). At 3.7% of total energy, trans fatty 

acids are also increase LDL-cholesterol but decrease HDL-cholesterol 

(Motard-Bélanger et al., 2008).  

5.2.2 DM 

 High-fat diet is related to TIIDM by impaired insulin action, 

but not directly. It induces insulin resistance by promote weight gain 

(increase fat accumulation). Then, overweight and obesity are 

developing to DM (Marshall and Bessesen 2002). Some study 

indicated that SFA versus polyunsaturated fatty acids (PUFA) were 

associated with DM (Meyer et al., 2001). In animal studies, 

consumption of high-fat diet presented in normoglycemia, slight 

hyperglycemia and moderate raise in fasting plasma insulin levels, 

and some data shown in developing to TIIDM (Buettner et al., 2007). 

5.2.3 Cancer 

 Excessive fat consumption is strong relationship with 

several cancers such as breast, ovary, colorectal, endometrium and 

prostate cancer (La Vecchia 1991). High-fat diet is involving to 



 

 

37 

cancer via several mechanisms such as breast cancer; high-fat diet 

increase ROS which is induces DNA damage contributes to alteration 

in gene expression, moreover, high-fat diet is effects to hormone 

and immune function that involve to breast cancer development. 

However, total fat seem to associate with cancer more than 

individual fatty acids (Vannice and Rasmussen 2014).    

5.2.4 Obesity 

  High-fat consumption may lead to imbalance energy by 

increase dietary energy intake. The excessive energy intake and low 

physical activity can increase fat storage and cause weight gain. In 

animal model found that more than 30% fat in diet increased 

energy intake (Hill et al., 1988; West and York 1998). In addition, 

consumption of high-fat diet was lower dietary-induced 

thermogenesis compared to low-fat diet (Flatt et al., 1985). The 

evidence in human found that high-fat diet (fat more than 40% of 

total energy) consumption cause of increasing energy intake 

approximate 200-800 kcal/day (Stubbs et al., 1995). The increasing 

of energy intake may due to palatability, metabolic and behavioral 

(Reed et al., 1992).  

6. Second-meal effect 

The concept of second-meal effect is first announced in 1982 by Dr. David J. 

Jenkins, University of Toronto. The definition is the effect of the first-meal on the 

blood sugar level after consumed the second-meal (Wolever et al., 1988). The 

main factor that associated with second-meal effects is glycemic index especially 

low-GI foods (Brighenti et al., 2006) such as dietary fiber and resistance starch 
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(Higgins 2011). Moreover, low-GI foods are able to improve glucose tolerance at a 

second-meal after 4 hours of low-GI foods ingestion. Improvement of glycemic 

and insulin response is involved by the slow rate digestion and absorption of the 

first and second meals, resulting in delaying in-between-meal and also suppressing 

non-esterified fatty acids (NEFA) generation (Granfeldt et al., 2006). On the other 

hand, high levels of NEFA in blood circulation may impair glucose utilization and 

induce peripheral insulin resistance because of competing glucose uptake in the 

peripheral insulin-sensitive tissues (Jensen et al., 2003). NEFA may involve the 

increased endogenous glucose production and inhibition of glycogen production 

causing hepatic insulin resistance (Homko et al., 2003). Therefore, suppression of 

plasma NEFA production may relate to the prevention of impaired glucose 

tolerance (IGT) and metabolic syndrome.  

The association between low-GI food and second meal is interested in many 

countries. Several studies suggested that low-GI food such as whole grains, soy 

bean, and lentils decreased postprandial plasma glucose, insulin, NEFA and also 

delayed gastric emptying after second-meal intake (Fletcher et al., 2012; Jenkins 

et al., 1982). Furthermore, isomaltulose is one of the low-GI foods that were 

conducted in focusing on delaying plasma glucose. The previous found that 

consumption of isomaltulose at breakfast improved glycemic response in healthy 

men by lowering postprandial plasma glucose and insulin levels after lunch as the 

second meal effect (Arai et al., 2007). These effects may be advantage in diabetic 

patients and people for controlling glycemic and reducing the risks of metabolic 

syndrome. 

 According to food composition, consumption of high-fat meal also affects 

to the second meal. In general, high-fat meal involve gastrointestinal function by 

slowing the passage of the meal out of the stomach and enhancing gastric 
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emptying, intestinal transit, and lipid absorption (Brown et al., 1994). High-fat meal 

can generate the peak of postprandial plasma triglyceride approximately 3-4 

hours. Besides, high-fat diet at the first meal leads to produce the peak of 

chylomicron within a few hours after the ingestion of fat-containing or fat free 

second meal (Jackson et al., 2001). 

7. Isomaltulose 

    
 

Figure 1 Structure of isomaltulose and isomaltulose 
 

Isaomaltulose (Palatinose®) has been used as a sugar in Japan since 1985.  

The structure of isomaltulose and isomaltulose were shown in Figure 1, its chemical 

name of this sugar is 6-O-α-d-glucopyranosyl-d-fructofuranose (CAS. No. 13718-94-0). 

Isomaltulose is natural occurring disaccharide or reducing disaccharide, it is 

composed of glucose and fructose linked a-1,6 instead of a-1,2 (Figure 2.) It usually 

found in honey, sugar cane and molasses. Commercial Isomaltulose (Palatinose®) is 

manufactured from food-grade sucrose by enzymatic rearrangement of the glycosidic 

linkage from a (1,2)-fructoside to a (1,6)-fructoside followed by crystallization (Lina et 

al., 2002). 
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Figure 2 Enzymatic rearrangement of sucrose to isomaltulose 

7.1 Organoleptical properties 

Isomaltulose sweetness profile is alike to sucrose but no aftertaste. 

The sweetening power is approximate 0.3-0.6 related to saccharose sweetness 

(= 1) (Belitz and Grosch 2004) and 10% solution is 0.48 related to sucrose 

solution (O'Donnell and Kearsley 2012).  

7.2 Physical and chemical properties 

     7.2.1 Physical properties 

        7.2.1.1 Polymorphism/ psudopolymorphism 

   Isomaltulose is a white crystalline and different 

particle size distribution. Polymorphism of isomaltulose is similar 

to sucrose. Isomaltulose crystallizes phase found in both 

monohydrate (Dreissig and Luger 1973) and no hydrous (Gehrich 

2002). 

        7.2.1.2 Hygroscopicity 

   Isomaltulose has low hygroscopicity. Water in 

isomaltulose begins pick-up at 25°C and around 85% relative 
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humidity. Thus, isomaltulose is appropriate for moisture-sensitive 

applications (O'Donnell and Kearsley 2012). 

        7.2.1.3 Melting point 

     Isomaltulose hydrate melts in its water of 

crystallization similar to sorbital hydrate. It melts at 123-124°C, 

lower than sucrose (186°C) (O'Brien-Nabors 2011). 

        7.2.1.4 Solubility 

   The data showed the solubility of isomaltulose 

lower than sucrose. But the density, viscosity, water activity and 

freezing point of isomaltulose solutions are similar to sucrose 

solutions (O'Brien-Nabors 2011).  

 7.2.2 Chemical properties 

7.2.2.1 Acidic hydrolysis 

   Compare to sucrose, Isomaltulose is more acid 

stable. The evidence found that isomaltulose solution stables in 

HCl (pH=1) at 95°C for more than 30 min. Therefore, using 

isomaltulose in beverage industry is benefits kept constant due 

to the osmolality (O'Donnell and Kearsley 2012). 

7.2.2.2 Heat stability 

   During heat treatment, isomaltulose less 

present in caramelisation than sucrose due to high stable of 
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glycosidic bond and lowering melting point (O'Donnell and 

Kearsley 2012).   

7.2.2.3 Anti-oxidative affects 

   The anti-oxidative behavior of isomaltulose is 

significant difference higher than other saccharides. When 

compare to classical anti-oxidative compounds in food products, 

the concentration of isomaltulose was higher and thereby the 

anti-oxidative capacity of isomaltulose may prolong shelf-life of 

product (O'Brien-Nabors 2011).     

7.3 Microbiological properties 

The products that contain isomaltulose have high microbial 

stability. Previous study found that isomaltulose could not be fermented by 

yeast (in brewery industry) and lactic acid bacteria (Pahl et al., 2010).   

7.4 Biological properties 

7.4.1 Digestion 

  Isomaltulose is hydrolyzed from small intestinal enzymes and 

absorb at jejunum similar to other saccharides, but its rates is slower 

than sucrose and maltose (Tonouchi et al., 2011), . Isomaltulose is 

hydrolyzed by isomaltase (Dahlqvist et al., 1963). In human small 

intestine model (Macdonald and Daniel 1983), Vmax of hydrolyzed rate 

of isomaltulose was 8-11% as compared to maltose and 26-45% as 

compared to sucrose (Dahlqvist et al., 1963). Not only hydrolyzed rate 

of isomaltulose, absorption rate of isomaltulose is slower than sucrose. 



 

 

43 

In vivo studies found that isomaltulose seem to completely digestion 

and absorption in small intestine. In addition, fermentation of 

isomaltulose was not significant difference when compared with sucrose 

(Van Weerden et al., 1983). 

7.4.2 Metabolism 

This sugar excretes by urine as shown in animal and human 

studies, similar to other sugar and less metabolite in the body. 

Isomaltulose will be excrete within 2.5 hours when dose of 

isomaltulose more than 65% in the body (Hall and Batt 1996; 

Menzies 1974). Moreover, it shown on signs of hypertriglyceridemia at 

120 min after initiation (Kawai et al., 1986).  

7.5 Toxicological studies 

Toxicological studies showed no symptoms induced toxicity 

when gave 7-8.1 g/kg of bodyweight/day isomaltulose to rats (Jonker et 

al., 2002). Other show that it does not induce embryotoxic and 

teratogenic effect in offspring and maternal rats during pregnancy (Lina et 

al., 1997). They do not show side effect to digestive system when gave 

50 g/day of isomaltulose to diabetic patients (Macdonald and Daniel 

1983). In addition, Ames test confirms that isomaltulose is not 

carcinogenic (Asquith et al., 1986). 

According to isomaltulose is completely digestion and 

absorption in small intestine thereby it no gastrointestinal distress occurs 

(O'Donnell and Kearsley 2012). 
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7.6 Human studies 

Isomaltulose digested in jejunum and absorb at brush border same 

other sugars, but slow rate of hydrolyze than sucrose and maltose 

(Macdonald and Daniel 1983). It contribute to slow glycemic variability 

(Kawai et al., 1989). The evidences reported that isomaltulose has 

oxidizing process different from sucrose (Tonouchi et al., 2011). The 

researchers found that isomaltulose can decrease blood glucose levels 

and insulin when compare with sucrose in healthy and diabetic patients 

(Dye et al., 2010; Macdonald and Daniel 1983). For the second-meal 

study, isomaltulose at first-meal consumption can reduce blood glucose 

levels and insulin after second-meal when compare with sucrose.  

Some studies show that this sugar can increase fat oxidation in 

healthy men (Arai et al., 2007; Takazoe 1985). And for long term it can 

decrease triglyceride levels in overweight and diabetic patients (Brunner 

et al., 2012).  

Moreover, isomaltulose enhanced portal GLP-1 level but it is 
likely that GLP-1 secretion is triggered mainly by glucose released in the 
lumen rather than by isomaltulose itself (Hira et al., 2011). 
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CHAPTER III 

MATERIALS AND METHODS 

1. Material and equipment 

1.1 Isomaltulose 

Isomaltulose (Palatinose®), product of Rajburi Sugar Co., Ltd. (Rajburi, 

Thailand) 

1.2 Chemical (Company) 

Chemical     Company 

Glucose liquicolor     Human, Germany 

Insulin human ELISA kit    BQ kits, USA 

Triglycerides liquicolor mono    HUMAN, Germany 

NEFA (non-esterified fatty-acids) assay  RANDOX, UK 

Malondialdehyde (MDA)    Sigma Chemical Co., USA 

Acetic acid     MERCK, Germany 

NaOH      J.T.Baker, Malaysia 

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

Thiobarbituric acid (TBA)    Sigma Chemical Co., USA 
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1.3 Equipment 

       Equipment    Company 

     Spectrophotometer    Biotac®, Powerwave XS2, USA 

     Fluorescence reader    Perkin Elmer®, Finland 

     Centrifuge      Hettich zentrifugen®, USA 

      Vortex      Gemmy industrial corp., Taiwan  

     Laboratory refrigerator    Sanden intercool, Thailand  

     Heat block     Labnet International, Inc., USA 

     Magnetic stirrer    IKA®, China 

     Bioelectrical Impedance Analysis (BIA) OMRON, Japan 

     Automatic Blood Pressure Monitor OMRON, Japan 

2. The sample size calculation 

Estimated sample size was calculated from previous study (Mamdouh 

M. Abdulrhman et al. 2013). The purpose of sample size calculation found 

the change in triglyceride for 16.4 ± 1.5 mg/dL. The sample size of participant 

was calculated using the following formula. 

 

2

/2

2

1 0

( )Z Z Sd
n

X X

 



 

α = 0.05 (Zα/2 = 1.96), β = 0.10 (Zβ =1.28) 

α = significance level 

β = the level of confidence; researcher using an α level of 0.05 and 

the level of confidence was 90% (β = 0.01) 
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Zα/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 triglyceride level in without isomaltulose group 

X0 = mean of triglyceride level in isomaltulose group 

S = the standard deviation of the average of triglyceride 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(16.83)2 [1-0.5] = 283.39 

    n = [(1.96+1.28) x (283.39)] / (16.4) 

    n = 11.06    ≈ 12  

  For withdrawal of participants, this study was increased the sample 

size for 25% as previous study (Audrey R, et al. 2003). Then, total participants 

of this study were sixteen. 

3. Participants 

From the sample size calculation, the recruitment of sixteen 

participants was needed. Healthy obese men were recruited from the local 

community, primarily through poster advertisement and flyers. They were 

screened by anthropometric measurement and blood analysis before enroll 

this study. They were eligible to participate if they meet these following 

inclusion criteria. 
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3.1 Inclusion criteria 

3.1.1 Healthy men aged 20-35 years 

3.1.2 Obese class 1; BMI between 25.0 - 29.9 kg/m2 [WHO 2004 

(Asia-Pacific  criteria)] 

  3.1.3 Blood pressure < 291041  mmHg 

  3.1.4 Fasting blood glucose < 126 mg/dL 

  3.1.5 Fasting total cholesterol < 200 mg/dL 

  3.1.6 Fasting triglyceride <150 mg/dL 

  3.1.7 Blood creatinine 0.7-14 g/dL 

  3.1.8 Blood urea nitrogen (BUN) 25-50 mg/dL 

  3.1.9 Alanine transaminase (ALT) < 40 IU/L 

  3.1.10 Nonsmoker 

  3.1.11 No eating disorder problem 

3.2 Exclusion criteria 

5.2.1 The participants had taken any dietary supplements or 

medicines within 1 month before the experiment. 

5.2.2 History disease relate to absorption and eating disorder such as 

Anorexia and Bulimia. 

4. Ethical review 

Before the study began, the study protocol was approved by the 

office of Ethics Review Committee for Research Involving Human Research 

Subjects, Human Science Group, Chulalongkorn University [code no. 134/56], 

as shown in appendix. Each voluntary participant was written inform consent 

before enrolled the study. 
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5. Experimental design 

The study was randomized, single-blind, placebo-controlled, crossover 

trial. It consisted of two intervention periods with two-week washout period. 

Each the intervention period, participants received the first meal which was 

high-fat diet with sucrose (sucrose meal; sucrose session) or high-fat diet with 

isomaltulose (isomaltulose meal; isomaltulose session) following by regular 

diet for the second meal. 

 

 

 

 

 

 

 

Figure 3 Experimental design of this study. 

5.1 Preparation of participants during the study period 

   Before intervention (two-week run-in period) and during two-

week washout period, all participants were asked to consume normal 

caloric distribution diet (caloric distribution is CHO: Protein: Fat = 55: 15: 

30) regarding to Thai Recommended Daily Intakes (Thai RDI) guideline. 

Any dietary supplementations or medications were not allowed during 

the study period. Especially 2 days before each intervention, the 

researcher was informed them to avoid high antioxidants diet and 

alcohol were not recommended. In addition, the dietary compliance of 

participants were checked by 3-day food record (two-week days and one-

Screening 

Run-in period 2 weeks 

Intervention period 2 
 

Intervention period 1 

Washout period 2 weeks 

Sucrose session 
Isomaltulose Session  
 

Sucrose Session  
Isomaltulose Session  
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weekend) for determine the amount and type of food intake. All 

participants maintained their habitual activities for the whole period of 

the study. Before the test day all participants were fasted for 12 hours 

and not exercise. 

On the test day, eating or drinking anything except the foods that 

we provided during the study sessions were not allowed. The participants 

were allowed to reading, listening, using the computer or anything that 

not related to foods. Moreover, all participants were allowed to stay in 

testing room until 480 min. 

       

6. Test meal preparation 

The test meals in each session were prepared from the same grade 
and brand of ingredients and the same method of cooking process to control 
the quantity and quality of meals. The ingredients of test meal were showed 
in Table 10. 
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Table 10 The ingredients in each test meal session 

 Sucrose session Isomaltulose session 

First meal  
(Breakfast) 

Total calories : 621 
kcal 

Caloric distribution (%) 

CHO : Protein : Fat  
43 : 15 : 42 

 

High fat diet + sucrose 
- 1 piece of sandwich 
     - 1½  slice of white bread 
     - 2 slices of ham 
     - 15 g of salad dressing  
- 300 ml of sweet drink  
     - 40 g of sucrose 
     - 3 drops of artificial 
color 
     - 1 cc of artificial flavor  

High fat diet + 
isomaltulose 

- 1 piece of sandwich 
     - 1½  slice of white 
bread 
     - 2 slices of ham 
     - 15 g of salad dressing  
- 300 ml of sweet drink  
     - 40 g of Isomaltulose 
     - 3 drops of artificial 
color 
     - 1 cc of artificial flavor 

Second meal 
(Lunch) 

Total calories : 625 
kcal 

Caloric distribution (%) 

CHO : Protein : Fat 
55 : 15 : 30 

Regular diet 
       - 2.5 ladles of white rice 
      - Fried chicken with soy sauce  
             - 60 g of chicken filet 
            - 5 cc of vegetable oil 
            - 5 cc of soy sauce  
       - 1 fried egg 
            - 1 of egg 
            - 8 cc of soybean oil 
      - 300 ml of sweet drink  
            - 40 g of sucrose 
            - 3 drops of artificial color 
            - 1 cc of artificial flavor 
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Figure 4 A high-fat breakfast 

 

 
Figure 5 A regular lunch 

 

  In each intervention period, participants received breakfast which was 

high fat diet with sucrose beverage (sucrose meal) or high fat diet with 

isomaltulose beverage (isomaltulose meal) following by regular diet at lunch. 

All nutrients composition of test meals was shown in Table 11. 
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Table 11 Test breakfast and lunch energy composition  

 
Breakfast 

(Sucrose meal) 

Breakfast 

(Isomaltulose 

meal) 

Lunch 

Energy (kcal) 625 625 625 

Protein (g), 

(% of energy) 

23 g, 

15 % 

23 g, 

15 % 

23 g, 

15 % 

Fat (g), 

(% of energy) 

65 g, 

42% 

65 g, 

42% 

47 g, 

30% 

Carbohydrate (g), 

(% of energy) 

67 g, 

43% 

67 g, 

43% 

86 g, 

55% 

 Main 

carbohydrate 

composition 

Sucrose  

(59.7%) 

Isomaltulose 

(59.7%) 

Rice  

(53.5%) 

 

7. Measurement 

7.1 Anthropometry measurement 

All participants were measured body weight using Bioelectrical 

Impedance Analysis (BIA) (OMRON, Japan) and height at the first time on the 

test day. 

7.2 Biochemical measurement 

7.2.1 Plasma collection 

   Blood samples were collected through an intravenous 

catheter inserted into forearm vein. Blood sample was collected at 

baseline as 12 hours fasting state. Postprandial blood sample was 
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collected at the time as shown in Table 12. NaF tube was collected 

for plasma glucose and EDTA tube was collected for plasma triglyceride, 

plasma free fatty acids, plasma insulin and plasma lipid peroxidation. 

Then, samples were immediately centrifuged at 3000 rpm for 15 min 

at 4๐c to separate serum and plasma and kept at -20๐c until analysis. 
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7.2.2 Plasma glucose 

Plasma glucose was determined by enzymatic colorimetric 

method and using Glucose liquicolor, a commercially available kit from 

HUMAN, Germany. Glucose oxidase could oxidized glucose and then 

formed hydrogen peroxides (H2O2). Hydrogen peroxide was catalyzed 

with peroxidase to generate a red-violet quinoneimine that was 

measured the absorbance at 500 nm. 

7.2.3 Plasma insulin  

Plasma insulin used for determine quantitative of postprandial 

insulin by ELISA method and using Insulin human ELISA kit, a 

commercially available kit from BQ kits, Germany. It was based on the 

direct sandwich technique in which two monoclonal antibodies 4 were 

directed against separate antigenic determinants on the insulin 

molecule. During incubation, insulin in the sample reacted with anti-

insulin antibodies bound to the microtitration well and reacted with 

peroxidase-conjugated anti-insulin antibodies. Unbound enzyme labeled 

antibody was removed at washing step. The bound conjugation was 

detected by reacting with 3, 3‖, 5, 5‖-tetramethylbenzidine. The reaction 

was stopped by adding acid to give a colorimetric endpoint that was 

measured at a wavelength of 450 nm. 

7.3.4 Plasma triglycerides  

Plasma triglyceride was measured by using enzymatic 

colorimetric method and using Triglycerides liquicolor mono, a 

commercially available kit from Human, Germany. Plasma triglyceride 
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was hydrolyzed by lipase and then generated hydrogen peroxides 

(H2O2). Catalytic of hydrogen peroxides from peroxidase produced 

quinoneimine as color for measuring the absorbance at 500 nm. 

7.3.5 NEFA 

Plasma free fatty acid was determined by enzymatic method 

relies upon the acylation of coenzyme A (CoA) by the fatty acids in the 

presence of added acyl-CoA synthetase (ACS). It used NEFA (non-

esterified fatty acids) assay, a commercially available kit from RANDOX, 

UK. The acyl-CoA thus produced was oxidized by added acyl-CoA 

oxidase (ACOD) with generation of hydrogen peroxide, in the presenced 

of peroxidase (POD) permitted the oxidative condensation of 3-methy-

N-ethyl-N(β-hydroxyethyl)-aniline (MEFA) with 4-aminoantipyrine to form 

a purple colored adduct which was measured the absorbance at 550 

nm. 

7.3.6 Malondialdehyde assay (MDA assay) 

Plasma lipid peroxidation as MDA (malondialdehye) was 

measured by TBARS assay. The MDA-TBA adduct formed by reaction of 

MDA and TBA under high temperature (95๐C -100๐C) and acidic 

conditions by adding 20% acetic acid. MDA-TBA formation; thiobarbituric 

acid reactive substances (TBARS) became clear pink. Which was 

measured the fluorescence at an excitation wavelength of 530 nm and 

an emission wavelength of 550 nm (Richard et al., 1992).  
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8. Appetite measurement 

8.1 Hunger and fullness levels 

Hunger and fullness levels were determined by 100-mm visual 

analogue scale (VAS) which was designed by horizontal line, 100 mm in 

length, anchored by word descriptors at each end (Appendix). The VAS 

score was determined by measuring in millimeters from the left hand 

end of the line to the point that the participants marked. Hunger and 

fullness levels were determined at the time as shown in Table 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

59 

 

 

 

 

 

                               
 

 

 

Ta
bl

e 
13

 



 

 

60 

9. Statistical analysis 

Data was expressed as mean ± SEM. The distribution normality 

test was analyzed by Kolmogorov Smirnov test. For comparison data in 

the same group was determined by using repeated measure ANOVA and 

followed by the LSD for multiple comparisons. Significant differences of 

incremental data of plasma glucose, insulin level, plasma NEFA, plasma 

triglyceride, MDA and energy intake between groups were calculated using 

the paired student t test. In addition, the comparison between groups of 

appetite was calculated by Friedman test and the comparison between time 

points were analyzed by Wilcoxon Signed Rank test. P-value < 0.05 was 

considered statistically significant in all tests. 
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CHAPTER IV 

RESULTS 

  Sixteen healthy obese participants enrolled in the study and randomized to 

receive the meals in the study. Four participants dropped out after first week as 

personal reasons. Therefore, a total of twelve participants completed in the study. 

Table 14 presents the baseline characteristics of all completed participants. 

Table 14 Baseline characteristics of twelve participants 

Characteristics Values (n=12) References a 

Age (years) 

Weight (kg) 

Body mass index (kg/m2) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mmHg) 

Fasting plasma glucose (mg/dl) 

Total cholesterol (mg/dl) 

Triglycerides (mg/dl) 

Creatinine (mg/dl) 

BUN (mg/dl) 

ALT (mg/dl) 

25.9 ± 1.2 

76.5 ± 1.1 

25.7 ± 0.1 

114.4 ± 2.6 

74.6 ± 2.2 

84 ± 2.2 

168.3 ± 7.4 

78.6 ± 7.9 

1.1 ± 0.1 

11.8 ± 0.6 

9.7 ± 2 

 

 

 

 

 

70-110 

120-200 

60-150 

0.5-1.5 

6-20 

<40 

Data are presented as mean ± S.E.M., n=12. a The normal range blood 

chemistry have been refer to The Health Sciences Service Unit in faculty of 

Allied Health Sciences, Chulalongkorn University. 
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The result from 3-day food record indicates that the energy intake of 

those participants consumed were no significant between the sessions as 

shown in Table 15. 

  Table 15 Energy intake (kcal/day) of twelve participants 

Session Energy intake (kcal/day) 

   Session 1          1,763.40 ± 74.25 

   Session 2          1,819.26 ± 32.80 

Data are presented as mean ± S.E.M., n=12.  
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1. Glycemic response 

Plasma glucose 

The effects of high-fat breakfast with sucrose and isomaltulose, 

followed by regular lunch on incremental postprandial plasma glucose 

concentration are shown in Figure 6.  High-fat breakfast with sucrose caused 

rapid increased in plasma glucose with the peak highest at 30 min, followed 

by rapid fell within 210 min. Consumption of high-fat breakfast with 

isomaltulose result in lower plasma glucose concentration with peak highest  

at 60 min and fell below the baseline level at 120 min. After lunch (240 min), 

plasma glucose in sucrose group rapid raised with highest peak at 270 min 

with whereas the highest peak of isomaltulose group delayed to 300 min.  

Repeated-measures analysis of variance revealed significant time x 

group interaction (P<0.0001) for postprandial plasma glucose concentration, 

followed by LSD post hoc test. The post hoc LSD test showed significant 

decreased plasma glucose concentrations in isomaltulose group after 

breakfast consumption at 30 min (P=0.017), 180 min (P=0.018), 210 min 

(P=0.046) and 240 min (P=0.026) when compare with sucrose group. Then, 

after lunch at 270 min (P=0.003), 360 min (P=0.015) and 420 min (P=0.003) 

postprandial plasma glucose concentration in isomaltulose group were 

significantly lower than sucrose group. 

The statistical significance of postprandial plasma glucose 

concentration at each time point within group when compare with baseline (0 

min) is presented as Table 16. 

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

concentration when comparing at breakfast time (0-240 min), the iAUC of 
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isomaltulose group (1808.76 ± 612.50 mg*min/dL) was significantly lower than 

sucrose group concentration after consumption of a high-fat meal with 

sucrose (4,889.22 ± 728.53 mg *min/dL) (P=0.006) as shown in Figure 7. The 

iAUC of plasma glucose concentration after breakfast of isomaltulose group 

was lower than sucrose group about 0.6 times.   

After consumption of regular lunch (240-480 min), the iAUC of plasma 

glucose concentration in isomaltulose group (4,436.82 ± 859.02 mg*min/dL) 

was significantly lower than sucrose group (7,656.60 ± 772.63 mg*min/dL) 

(P=0.008). The iAUC of plasma glucose concentration after lunch of 

isomaltulose group was lower than sucrose group around 0.4 times.   

In addition, the incremental are under the curves (iAUCs) of plasma 

glucose concentration in obese men after consumption of a high-fat meal 

with sucrose and isomaltulose as breakfast, followed by regular lunch (0-480 

min). The iAUC of isomaltulose group (6,245.58 ± 1,139.14 mg *min/dL) was 

significantly lower than sucrose group (12,596.62 ± 1,164.80 mg *min/dL) 

(P=0.002). The iAUC of plasma glucose concentration the whole day of 

isomaltulose group was lower than sucrose group approximately 0.5 times.   
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Figure 6 The incremental plasma glucose concentration (mg/dL) in obese 

men after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast, followed by regular lunch. The highest incremental peak of plasma 

glucose concentration after breakfast in sucrose group and isomaltulose 

group were 60.02 ± 7.77 mg/dL and 34.61 ± 7.18 mg/dL, respectively; and 

after lunch in sucrose group and isomaltulose group were 64.40 ± 5.29 mg/dL 

and 43.52 ± 9.47 mg/dL, respectively. Repeated-measures analysis of variance 

revealed significant time x group interaction (P<0.0001) for postprandial 

plasma glucose concentration, followed by LSD post hoc test. Data are 

presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with sucrose. 
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Table 16 Postprandial plasma glucose concentration at each time point 

within group when compare with baseline (0 min). 

Time (min) 
Incremental postprandial plasma glucose concentration 

Sucrose P-value Isomaltulose P-value 
0 0 - 0 - 

30 60.02352957 <0.0001* 33.15441 <0.0001* 
60 45.14651761 <0.0001* 34.61448 0.001* 

120 12.30032216 0.023* -1.56487 0.756 

180 2.98513519 0.389 -9.14594 0.009* 

210 2.337717181 0.294 -6.44022 0.081 

240 7.629388634 0.118 -2.99063 0.345 

270 64.40251356 <0.0001* 40.38449 <0.0001* 

300 50.49622836 0.001* 43.51735 0.001* 

330 34.50783384 0.001* 22.66623 0.027* 

360 32.38224342 <0.0001* 18.61597 <0.0001* 

390 24.69148889 <0.0001* 9.980194 0.044* 

420 26.70232605 <0.0001* 2.880752 0.527 

450 13.51218832 0.002* 8.60467 0.083 

480 9.420721627 0.002* 5.479579 0.162 

Repeated-measures analysis of variance, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

baseline (0 min). 
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Figure 7 The incremental AUCs of plasma glucose concentration in obese 

men after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast (0-240 min), followed by regular lunch (240-480 min) and all the day 

(0-480 min). Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, 

compared with sucrose. 
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Plasma insulin 

   Figure 8 shows the effects of high-fat breakfast with sucrose and 

isomaltulose, followed by regular lunch on incremental postprandial plasma 

insulin concentration. High-fat breakfast with sucrose provoked rapid increased 

in plasma insulin concentration with the peak highest at 60 min, followed by 

rapid decreased within 210 min. In isomaltulose group, consumption of high-fat 

breakfast with isomaltulose had postprandial plasma insulin concentration with 

highest peak at 60 min and decline with 240 min. After regular lunch (240 min), 

plasma insulin concentration in sucrose group group rapid rose with highest 

peak at 270 min and the highest peak of isomaltulose group was 300 min. 

   Repeated-measures analysis of variance revealed significant time x 

group interaction (P=0.02) for postprandial plasma insulin concentration, 

followed by LSD post hoc test. The post hoc LSD test showed significant 

reduced plasma insulin concentration at 30 min (P=0.008) but after breakfast 

consumption. After lunch at 360 and 420 min, plasma insulin concentration in 

isomaltulose group was significantly lower than sucrose group (P=0.042 and 

P=0.019, respectively). 

The statistical significance of postprandial plasma insulin 

concentration at each time point within group when compare with baseline (0 

min) is presented as Table 17. 

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

concentration after consumption of a high-fat meal with sucrose and 

isomaltulose as breakfast (0-240 min) was 7,367.70 ± 859.63 μIU*min/mL and 

4,412.06 ± 610.88 μIU*min/mL (P=0.029), respectively (Figure 9). The iAUC of 
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plasma insulin concentration after breakfast of isomaltulose group was lower 

than sucrose group approximately 0.4 times.  

After consumption of regular lunch (240-480 min), the iAUCs of plasma 

insulin concentration showed no significant difference between groups 

(sucrose group; 8,324.06 ± 1,539.83 μIU*min/mL and isomaltulose group; 

6,317.11 ± 1,071.60 μIU*min/mL). 

Furthermore, the incremental are under the curves (iAUCs) of plasma 

insulin concentration in obese men after consumption of a high-fat meal with 

sucrose and isomaltulose as breakfast, followed by regular lunch (0-480 min). 

There were no significant difference between the groups (sucrose group; 

15,691.76 ± 2,314.85 μIU*min/mL and isomaltulose group; 10,729.17 ± 

1,205.05 μIU*min/mL). 
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Figure 8 The incremental of plasma insulin concentration (μIU/mL) in obese 

men after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast, followed by regular lunch. The highest incremental peak of plasma 

insulin concentration after breakfast in sucrose group and isomaltulose group 

were 78.39 ± 7.27 μIU/mL and 59.81 ± 8.90 μIU/mL, respectively; and after 

lunch in sucrose group and isomaltulose group were 65.22 ± 6.82 μIU/mL and 

45.43 ± 7.06 μIU/mL, respectively. Repeated-measures analysis of variance 

revealed significant time x group interaction (P=0.02) for postprandial plasma 

insulin concentration, followed by LSD post hoc test. Data are presented as 

mean ± S.E.M., n=12. * P-value < 0.05, compared with sucrose. 
 

 



 

 

71 

Table 17 Postprandial plasma insulin concentration at each time point within 

group when compare with baseline (0 min). 

Time (min) 
Incremental postprandial plasma insulin concentration 

Sucrose P-value Isomaltulose P-value 
0 0 - 0 - 

30 71.39714 <0.0001* 33.76056 <0.0001* 
60 78.38834 <0.0001* 59.81177 <0.0001* 

120 28.73971 0.014* 11.65279 0.059 

180 2.084783 0.312 0.978701 0.444 

210 -2.91869 0.085 -0.43321 0.575 

240 -2.15513 0.169 -1.50019 0.076 

270 57.86372 <0.0001* 44.39337 <0.0001* 

300 46.13405 <0.0001* 45.43021 <0.0001* 

330 48.72621 0.001* 34.25709 0.001* 

360 54.56851 <0.0001* 39.13612 <0.0001* 

390 27.5574 0.008* 33.50102 0.001* 

420 33.61857 0.001* 8.769609 0.017* 

450 6.128161 0.114 5.418618 0.195 

480 4.558327 0.233 0.828815 0.626 

Repeated-measures analysis of variance, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

baseline (0 min). 
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Figure 9 The incremental AUCs of plasma insulin concentration in obese men 

after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast (0-240 min), followed by regular lunch (240-480 min) and all the day 

(0-480 min). Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, 

compared with sucrose. 
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2. Lipid profiles 

Triglycerides 

The effects of high-fat breakfast with sucrose and isomaltulose, 

followed by regular lunch on incremental postprandial triglyceride 

concentrations are shown in Figure 10. Triglyceride levels were slightly 

changed during 30 to 60 min. An intake of high-fat breakfast with sucrose 

increased in triglyceride concentration with the highest peak concentration at 

210 min whereas isomaltulose was at 240 min. After lunch (240 min), 

triglyceride concentrations in the group consumed sucrose and isomaltulose 

raised at 330 min and 300 min, respectively.  

Repeated-measures analysis of variance revealed significant time x 

group interaction (P<0.0001) for postprandial triglyceride concentrations, 

followed by LSD post hoc test. It expressed significantly decreased triglyceride 

concentration at 60 min (P=0.041) after consuming a high-fat breakfast with 

isomaltulose. After lunch (240 min) triglyceride concentrations in isomaltulose 

group were significantly lower than sucrose group at 330 min (P=0.039), 390 

min (P=0.013) and 480 min (P=0.041).  

The statistical significance of postprandial triglyceride concentration at 

each time point within group when compare to baseline (0 min) as in Table 

18. 

Figure 11 shows the incremental are under the curves (iAUCs) of 

triglycerides concentration when comparing at breakfast time (0-240 min) 

showed no significant difference between groups (sucrose group; 3,614.20 ± 

1,181.59 mg*min/dL and isomaltulose group; 1,230.88 ± 1,315.60 mg*min/dL). 
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After consumption of regular lunch (240-480 min), the iAUCs of 

triglyceride concentration in isomaltulose group (6,640.14 ± 1,108.32 

mg*min/dL) was significantly lower than sucrose group (11,913.76 ± 1,238.04 

mg*min/dL) (P=0.012) approximately 0.4 times. 

The incremental are under the curves (iAUCs) of triglyceride 

concentration in obese men after consumption of a high-fat meal with 

sucrose and isomaltulose as breakfast, followed by regular lunch (0-480 min) 

was significantly decrease in isomaltulose group (7,871.02 ± 1,745.27 

mg*min/dL) when compare with sucrose group (15,492.46 ± 2,936.08 

mg*min/dL) (P=0.023). The whole day, the iAUC of triglyceride concentration 

in isomaltulose group was lower than sucrose group approximately 0.5 times. 
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Figure 10 The incremental triglycerides concentration (mg/dL) in obese men 

after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast, followed by regular lunch. The highest incremental peak of 

triglyceride concentration after breakfast in sucrose group and isomaltulose 

group were 30.06 ± 5.37 mg/dL and 25.96 ± 3.56 mg/dL, respectively; and 

after lunch in sucrose group and isomaltulose group were 61.79 ± 11.00 

mg/dL and 39.52 ± 5.63 mg/dL, respectively. Repeated-measures analysis of 

variance revealed significant time x group interaction (P<0.0001) for 

postprandial triglyceride concentration, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

sucrose. 
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Table 18 Postprandial triglyceride concentration at each time point within 

group when compare with baseline (0 min). 

Time (min) 
Incremental postprandial triglyceride concentration 

Sucrose P-value Isomaltulose P-value 
0 0 - 0 - 

30 -5.88306 0.078 2.365992327 0.575 
60 10.00621 0.175 -3.894485259 0.549 

120 16.2132 0.009* 6.384833076 0.374 

180 26.91229 0.002* 13.9362081 0.026 

210 30.59172 0.009* 17.9114199 0.008* 

240 30.05967 <0.0001* 25.96102519 <0.0001* 

270 39.89956 0.002* 31.854159 <0.0001* 

300 46.0182 <0.0001* 39.52098635 <0.0001* 

330 61.78978 <0.0001* 33.25423661 <0.0001* 

360 48.26916 0.001* 28.92936094 0.002* 

390 46.90257 0.001* 23.39726202 0.005* 

420 53.23592 0.003* 28.38390199 0.001* 

450 50.26813 <0.0001* 24.82697885 <0.0001* 

480 57.28575 0.003* 20.9304191 0.003* 

Repeated-measures analysis of variance, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

baseline (0 min). 
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Figure 11 The incremental AUCs of triglyceride concentration in obese men 

after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast (0-240 min), followed by regular lunch (240-480 min) and all the day 

(0-480 min). Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, 

compared with sucrose. 
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NEFA 

Figure 12 shows the effects of high-fat breakfast with sucrose and 

isomaltulose, followed by regular lunch on incremental postprandial NEFA 

concentration. After breakfast, NEFA concentration decreased in isomaltulose 

group before 120 min and began to increase until lunch. NEFA peak in both 

groups lowest at 120 min and also highest at 240 min. The trend of NEFA 

concentration in both groups decreased after lunch (at 240 min), and then 

became slightly increased. The peak of NEFA concentration in sucrose group 

lowest at 360 min similar to isomaltulose group.  

Repeated-measures analysis of variance revealed significant time x 

group interaction (P<0.0001) for NEFA concentration, followed by LSD post 

hoc test. The post hoc LSD test showed significant increased at 30 min 

(P=0.015), and then decreased at 210 min (P=0.019) when compared to 

sucrose group. After lunch (240 min), NEFA concentration in isomaltulose 

group was significantly lower than sucrose group at 270 min (P=0.001) and 

300 (P=0.006) min. 

The statistical significance of postprandial NEFA concentration at each 

time point within group when compare with baseline (0 min) as shown in 

Table 19. 

Figure 13 shows the incremental are under the curves (iAUCs) of NEFA 

concentration after consumption of a high-fat meal with sucrose and 

isomaltulose as breakfast (0-240 min) was no significant difference between 

the groups (sucrose group; -34.53 ± 6.44 μmol*min/L and isomaltulose group; 

-36.93 ± 7.13 μmol*min/L). 
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After lunch (240-480 min), the iAUC of NEFA concentration in 

isomaltulose group was significant lower than sucrose group (sucrose group; -

39.20 ± 9.30 μmol*min/L and isomaltulose group; -58.97 ± 11.17 μmol*min/L) 

(P=0.047) around 0.3 times. 

The incremental are under the curves (iAUCs) of NEFA in obese men 

after consumption of a high-fat meal with sucrose and isomaltulose as 

breakfast, followed by regular lunch (0-480 min). There were no significant 

difference between the groups (sucrose group; 3,614.20 ± 1,181.60 

μmol*min/L and isomaltulose group; 1,230.80 ± 1,315.51 μmol*min/L). 
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Figure 12 The changes in NEFA concentration in obese men after 

consumption of a high-fat meal with sucrose and isomaltulose as breakfast, 

followed by regular lunch. The lowest peak of NEFA concentration after 

breakfast in sucrose group and isomaltulose group were -240 ± 40.74 μmol/L 

and -290 ± 46.07 μmol/L, respectively; and after lunch in sucrose group and 

isomaltulose group were -215.83 ± 45.42 μmol/L and -298.91 ± 51.99 μmol/L, 

respectively. Repeated-measures analysis of variance revealed significant time 

x group interaction (P=0.0001) for postprandial NEFA concentration, followed 

by LSD post hoc test. Data are presented as mean ± S.E.M., n=12. * P-value < 

0.05, compared with sucrose. 
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Table 19 Postprandial NEFA concentration at each time point within group 

when compare with baseline (0 min).  

Time (min) 
Incremental postprandial plasma NEFA concentration 

Sucrose P-value Isomaltulose P-value 
0 0 - 0 - 

30 -143.606 <0.0001* -13.102 0.002* 
60 -205.692 <0.0001* -169.379 <0.0001* 

120 -240.77 <0.0001* -279.314 <0.0001* 

180 -145.619 0.001* -171.984 0.001 

210 -28.2422 0.410 -132.706 0.020* 

240 18.4636 0.574 -75.0628 0.842 

270 -42.0793 0.200 -185.573 0.011* 

300 -111.746 0.007* -251.29 <0.0001* 

330 -196.945 <0.0001* -249.108 <0.0001* 

360 -218.017 <0.0001* -268.034 <0.0001* 

390 -207.179 <0.0001* -256.385 <0.0001* 

420 -209.509 <0.0001* -243.414 <0.0001* 

450 -185.964 <0.0001* -191.807 <0.0001* 

480 -146.043 0.002* -135.524 0.001* 

Repeated-measures analysis of variance, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

baseline (0 min). 
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Figure 13 The incremental AUCs of NEFA concentration in obese men after 

consumption of a high-fat meal with sucrose and isomaltulose as breakfast (0-

240 min), followed by regular lunch (240-480 min) and all the day (0-480 

min). Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared 

with sucrose. 
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3. Lipid peroxidation 

MDA 

Figure 14 shows the effects of high-fat breakfast with sucrose and 

isomaltulose, followed by regular lunch on incremental MDA concentrations.  

High-fat breakfast with sucrose provoked higher in MDA concentration with 

the peak at 60 min. In isomaltulose group, consumption of high-fat breakfast 

with isomaltulose results in lower MDA with peak concentration at 60 min 

and became slightly decreased. After regular lunch (240 min), MDA 

concentration in sucrose group rapid raised at 300 min whereas MDA reduced 

in isomaltulose group. 

Repeated-measures analysis of variance revealed significant time x 

group interaction (P=0.001) for postprandial plasma insulin concentration, 

followed by LSD post hoc test. The post hoc LSD test showed significant 

reduced MDA concentration at 30 min (P=0.002) in isomaltulose group. As 

well as after lunch, MDA concentration in isomaltulose group was significantly 

lower than sucrose group at 270 min (P=0.006), 300 min (P=0.001) and 330 

min (P=0.024).  

The statistical significance of postprandial MDA concentration at each 

time point within group when compare to baseline (0 min) as shown in Table 

20. 

Figure 15 presented The incremental are under the curves (iAUCs) of 

MDA concentration after consumption of a high-fat meal with sucrose and 

isomaltulose as breakfast (0-240 min) was -2.67± 8.20 μM*min/L and 27.34 ± 

8.74 μM*min/L (P=0.049), respectively. The iAUC of MDA concentration after 
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breakfast of isomaltulose group was lower than sucrose group approximately 

1 times.  

After consumption of regular lunch (240-480 min), the iAUCs of MDA 

concentration shows no significant difference between groups (sucrose group; 

2.31 ± 10.54 μM*min/L and isomaltulose group; -21.79 ± 11.02 μM*min/L). 

The incremental are under the curves (iAUCs) of MDA concentration in 

obese men after consumption of a high-fat meal with sucrose and 

isomaltulose as breakfast, followed by regular lunch (0-480 min). It shows 

significant reduced in isomaltulose group (-24.46 ± 12.55 μM*min/L) 

compared to SU (29.65 ± 14.65 μM*min/L) (P=0.019). the whole day, the iAUC 

of MDA concentration of isomaltulose group was lower than sucrose group 

approximately 1.8 times.  
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Figure 14 The incremental MDA concentration in obese men after 

consumption of a high-fat meal with sucrose and isomaltulose as breakfast, 

followed by regular lunch. The highest incremental peak of MDA 

concentration after breakfast in sucrose group and isomaltulose group were 

0.24 ± 0.09 μM and 0.03 ± 0.04 μM, respectively; and after lunch in sucrose 

group and isomaltulose group were 0.14 ± 0.06 μM and -0.03 ± 0.06 μM, 

respectively. Repeated-measures analysis of variance revealed significant time 

x group interaction (P=0.001) for postprandial plasma glucose concentration, 

followed by LSD post hoc test. Data are presented as mean ± S.E.M., n=12. * 

P-value < 0.05, compared with sucrose. 
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Table 20 Postprandial MDA concentration at each time point within group 

when compare with baseline (0 min).  

Time (min) 
Incremental postprandial plasma MDA concentration 

Sucrose P-value Isomaltulose P-value 

0 0 - 0 - 
30 0.239519 0.001* -0.0421 0.411 

60 0.240942 0.022* 0.03952 0.430 

120 0.07795 0.088 -0.01043 0.816 

180 0.028482 0.403 -0.02471 0.720 

210 0.104874 0.080 0.001601 0.970 

240 0.01397 0.541 -0.1 0.071 

270 0.051711 0.207 -0.1201 0.045* 

300 0.17202 0.003* -0.08612 0.141 

330 0.135279 0.041* -0.11176 0.102 

360 0.026466 0.706 -0.13339 0.048* 

390 -0.05335 0.444 -0.07348 0.373 

420 -0.10993 0.124 -0.03036 0.687 

450 -0.06509 0.482 -0.10258 0.150 

480 -0.1742 0.007* -0.03685 0.643 

Repeated-measures analysis of variance, followed by LSD post hoc test. Data 

are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

baseline (0 min). 
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Figure 15 The incremental AUCs of MDA concentration in obese men after 

consumption of a high-fat meal with sucrose and isomaltulose as breakfast (0-

240 min), followed by regular lunch (240-480 min) and all the day (0-480 

min). Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared 

with sucrose. 

 
 

 

 

 

 

 

 

 
 



 

 

88 

4. Appetite 

Correlation analysis was calculated using Pearson‖s correlation coefficient 
and nonparametric equivalent assuming that at least one of the variables are 
normally distributed. Pearson‖s correlation coefficient showed a statistically 
strongly in significant negative correlation between hunger and fullness r = -0.962 
as P < 0.0001. 
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Figure 16 Correlation between hunger and fullness in obese men after 

consumption of a high-fat meal with sucrose and isomaltulose as breakfast, 

followed by regular lunch. r = -0.962, P-value < 0.001, n=12. 
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Hunger levels 

Figure 17 shows the effects of high-fat breakfast with sucrose and 

isomaltulose, followed by regular lunch on hunger levels. Consumption 

of high-fat breakfast with isomaltulose results in lower hunger levels than 

sucrose group until lunch. As well as after regular lunch (240 min), hunger 

levels in isomaltulose group were lower than sucrose group. 

In comparison with sucrose group, the hunger levels in 

isomaltulose group showed significantly reduced hunger levels at 60 min 

(P=0.017), 120 min (P=0.004), 180 min (P=0.028) and before lunch at 240 

min (P=0.021). In addition, the hunger levels in isomaltulose group at 360 

min (P=0.025) and 480 min (P=0.045) also significance lower than sucrose 

group after lunch as shown in Table 21. 
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Figure 17 The changes of hunger levels in obese men after consumption of a 

high-fat meal with sucrose and isomaltulose as breakfast, followed by regular 

lunch. Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, 

compared with sucrose. 

 
 
 
 
 
 
 
 
 



 

 

92 

Table 21 Hunger levels in obese men after consumption of a high-fat meal 

with sucrose and isomaltulose as breakfast, followed by regular lunch. 

Time (min) Sucrose Isomaltulose 

Breakfast    0  7.01 ± 0.66 7.10 ± 0.66 

60 3.96 ± 0.52 2.23 ± 0.32* 

120 4.57 ± 0.23 2.68 ± 0.33* 

180 6.25 ± 0.48 4.42 ± 0.41* 

Lunch      240  8.19 ± 0.29 6.27 ± 0.54* 

300 3.76 ± 0.48 2.90 ± 0.42 

360 4.54 ± 0.47 3.33 ± 0.36* 

420 5.96 ± 0.57 4.80 ± 0.34 

480 7.28 ± 0.70 5.78 ± 0.53* 

Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

sucrose. 
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Fullness levels         

  The effects of high-fat breakfast with sucrose and isomaltulose, 

followed by regular lunch on fullness levels shows in Figure 18.  

Consumption of high-fat breakfast with isomaltulose presented in lower 

fullness levels than sucrose group until lunch and after regular lunch (240 

min), fullness levels in isomaltulose group were lower than sucrose group. 

  In comparison with sucrose group, fullness levels in isomaltulose 

group presented significantly increased at 240 min (P=0.015). Similar to after 

lunch, the fullness levels in isomaltulose group at 480 min (P=0.015) were 

significantly higher than sucrose group, as shown in Table 22. 
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Figure 18 The changes of fullness levels in obese men after consumption of 

a high-fat meal with sucrose and isomaltulose as breakfast, followed by 

regular lunch. Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, 

compared with sucrose. 
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Table 22 Fullness levels in obese men after consumption of a high-fat meal 

with sucrose and isomaltulose as breakfast, followed by regular lunch 

 

 

 

 

 

 

 

 

 

 

 

Data are presented as mean ± S.E.M., n=12. * P-value < 0.05, compared with 

sucrose. 

 

 

 

 

 

 

 

 

 

 

Time (min) Sucrose Isomaltulose 

Breakfast   0  2.63 ± 0.38 2.75 ± 0.39 

60 5.40 ± 0.40 6.62 ± 0.37 

120 4.43 ± 0.35 5.46 ± 0.37 

180 3.15 ± 0.30 4.11 ± 0.39 

Lunch      240  1.99 ± 0.30 2.85 ± 0.36* 

300 6.07 ± 0.47 6.91 ± 0.33 

360 4.83 ± 0.52 5.75 ± 0.34 

420 3.51 ± 0.50 4.48 ± 0.39 

480 1.97 ± 0.24 3.32 ± 0.38* 
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CHAPTER V 

DISCUSSION 

  Obesity is major cause of mortality, it can affect to physical by leading to 

many chronic diseases such as T2DM, cardiovascular disease, hypertriglyceridemia, 

hypercholesterolemia, hypertension, asthma, arthritis and some form of cancer 

(Mokdad et al., 2003). Particularly, intra-abdominal or visceral fat is associate to 

insulin resistance by character of metabolic syndrome (Després and Lemieux 2006).  

High fat diet is another factor causing metabolic disease. In modern life-style, 

high-fat diet results in obesity by increasing fat accumulation (Ludwig et al., 1999). 

Consequently, it induces insulin resistance leading to hyperglycemia and impaired 

lipid-sensing pathways (Lee 2013). As well as sucrose, a type of sugar which is 

consumed worldwide and classified as high GI, it induces higher risk of chronic 

diseases by elevating weight gain, increased postprandial glycemia and inflammation 

than low GI diet (Ludwig 2002). Several studies found that isomaltulose, a low-GI 

sugar, improved postprandial plasma glucose, triglycerides and NEFA after the single 

meal  (Brunner et al., 2012; Sakuma et al., 2009) and the second meal feeding (Karpe 

et al., 2011). 

According to the US Food and Drug Administration, high fat diet term still has 

no precise definition although many studies proposed criteria of high-fat diet. A study 

classifies high-fat diet into semi-purified high-fat diets, which possess fat percentage 

ranging from 20% - 60% of the total energy, and extremely high-fat diet, which 

contains more fat than 60% of the total energy (Buettner et al., 2006). At present, 

the academy of Nutrition and Dietetics (Vannice and Rasmussen 2014) was 

definition the high-fat diet is a diet contains fat more than 35% of total energy. 

Thus, high fat diet in this study contained 42% from fat. In addition, our study used 
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sugar (sucrose and isomaltulose) as main carbohydrate (~60% of carbohydrate) in 

breakfast followed by previous study (Arai et al., 2007) .  

Plasma glucose and insulin 

Our study, consuming isomaltulose seems to lower postprandial plasma 

glucose in the whole day (0-480 min) than sucrose but no significant in plasma 

insulin. In the morning, plasma glucose and insulin were found decreased after a 

high-fat meal with isomaltulose beverage when compared with a high-fat meal with 

sucrose beverage loading. Isomaltulose is completely digested and absorbed in the 

small intestine, it occurs 4-5 times and at a slower rate than sucrose due to bond in 

isomaltulose molecule. Isomaltulose was α(1-6) glycosidic bond to link glucose and 

fructose whereas α(1-2) glycosidic bond was found in sucrose. The isomaltulose 

linkage is stable and strong to naturally enzymes in the body (Sentko and Willibald-

Ettle 1988). Therefore, the plasma glucose and insulin gradually raise, and the peak 

was reached lower than after sucrose ingestion (Lina et al., 2002). Furthermore, 

previous studies found that isomaltulose and isomaltulose-blended sugar decreased 

postprandial plasma glucose, insulin levels and improved insulin sensitivity in healthy 

subjects (Holub et al., 2010), sedentary adults (Okuno et al., 2010) and also diabetic 

patients (Vanschoonbeek et al., 2009).  

After a regular lunch, postprandial plasma glucose concentration in the 

isomaltulose group was lower than the sucrose group, consistently with the previous 

study (Arai et al., 2007). The interesting points were that peak in isomaltulose group 

was delayed from 270 to 300 min – apparently different from that of the sucrose 

group. Isomaltulose seem to decrease insulin levels after regular lunch but no 

significant.  These effects may be cause from the low-GI property of isomaltulose 

contained in the meal improves carbohydrate tolerance in the next meal (Wolever et 
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al., 1988) and the peak after lunch similar to the peak after breakfast loading in its 

group, that is second-meal effect (Collier et al., 1987; Wolever et al., 1995). 

Moreover, co-ingestion of fat with carbohydrate is associate with prolong glucose 

absorption. Previous research found that adding fat in carbohydrate at the first-meal 

influenced to prolong glucose absorption and presented in increasing of plasma 

glucose after both first- and second-meal when compare to only carbohydrate meal 

(Collier et al., 1987). It may due to the fat that adding in those first-meal effects to 

gut hormone and induced the delaying of gastric emptying, caused prolong glucose 

absorption. It may relate with my study, high in fat content and isomaltulose, a slow 

digestion and absorption rate sugar, may synergistically effect lead to significant 

decrease plasma glucose and tend to reduce insulin level. The plasma insulin 

concentrations in both groups show no significant difference although plasma 

glucose was significant difference. Some single meal study show that adding 50 g of 

fat to 50 g of carbohydrate meal caused lowering plasma glucose but no significant 

alterations in insulin level when compared to only carbohydrate meal (Collier and 

O'Dea 1983). As well as subsequent meal study, they designed to add 25 g of fat to 

50 g of carbohydrate meal at first-meal followed by standard meal. Adding fat effect 

to maintained  plasma insulin despite decreased plasma glucose after second-meal 

(Collier et al., 1987). It may owing to fat reduce insulin response after the second-

meal. 

High-GI meal greater increased postprandial glucose and insulin level than 

low-GI meal. The high level of glycemic response trigger insulin resistance and β–cell 

demand lead to β–cell failure. As well as postprandial hyperglycemia, it generate 

chronic oxidative stress with glucotoxicity also effect to β–cell and progress to T2DM 

(Ludwig 2002). 
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Triglyceride levels 

The breakfast in our study was designed as high-fat diet with high-sugar 

beverage (25.6% of energy) (≥20% of energy) (Fried and Rao 2003). It certainly affects 

to postprandial lipid profiles especially triglycerides. Our results show that the 

triglycerides over 480 min in isomaltulose group was lower than sucrose group. 

Triglyceride levels after breakfast in the isomaltulose group tends to be lower than 

the sucrose group but no significant. In the body, plasma glucose can convert to 

triglyceride via acetate pathway (Melmed et al., 2011). High plasma glucose and 

insulin can also increase hepatic triglyceride and triglyceride in the circulation by 

effect to lipogenic genes result in increased the production of malonyl CoA, which is 

inhibit CPT-1. The excessive NEFA, the product from excessive glucose, cannot 

transport to β-oxidation in mitochondria and contribute to storage as triglyceride in 

liver and incorporation into VLDL particles to circulation, present in high triglyceride 

level (Melmed et al., 2011) as shown in Figure 19.  Moreover, the increasing of 

triglyceride levels depend on various factors such as quantity of carbohydrate, fiber 

content, and types of fat (Fried and Rao 2003). The earlier data found high-fat diet 

was more increase triglycerides than low-fat diet consumption (Pejic and Lee 2006; 

Robertson et al., 2002). As well as sugar especially sucrose and fructose, rapid 

digestion and absorption, lead to raise triglyceride levels approximately 60% when 

compare with resistance starch (Fried and Rao 2003). Furthermore, substituting 

sucrose for starch was effect to the escalation of triglyceride. For example, 36% and 

52% sucrose in diet can rise triglycerides concentration throughout the 11 days of 

period and in high-fat diet (40% of energy), 0% sucrose in diet tended to lowering 

triglycerides concentration and no effect by 18% sucrose in diet (Albrink and Ullrich 

1986). However, the knowledge about dose-response for the effect of sucrose on 

triglyceride levels in moderate carbohydrate and high-fat diet are needed to 
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investigate in the future. Although the triglyceride level no significant between groups 

after high-fat breakfast, isomalulose was delayed peak from sucrose. It may involve 

to adding carbohydrate to high-fat meal. The early data in human found that adding 

75 g of glucose in high-fat meal (30 g of fat) can delay triglyceride peak for 2 h when 

compare to high-fat meal (Westphal et al., 2002) and adding 75 g of complex 

carbohydrate to high-fat meal (30 g of fat) not only delay peak triglyceride for 2 h 

but also reduce triglyceride level for 11% (Westphal et al., 2004). 

 

Figure 19 High plasma glucose and insulin level increase triglyceride synthesis 

in liver. Adapted from Williams Textbook of Endocrinology, 11th Edition 

(Melmed et al., 2011) 

After that, triglyceride levels after subsequent meal were significantly 

decreased according to the previous study (Wolever et al., 1995). The crucial trend of 

triglycerides appears after being challenged by the higher carbohydrate composition 

at lunch. GI property is related to circulating triglycerides, some study found that 

low-GI diet can improve postprandial triglycerides in subjects at high risk for coronary 

artery disease (O‖Keefe et al., 2008) and patients with hypertriglyceridemia (Jenkins 
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et al., 1987). It was reported that the substitution of low-GI diet in high-fat diet is 

associated with triglycerides reduction by 15% to 20% (Pelkman 2001). The previous 

data showed that isomaltulose can decreased plasma triglycerides in T2DM by long-

term consumption (Brunner et al., 2012) and in animal study, isomaltulose also 

reduced triglycerides in obese rats (Sato et al., 2007). In addition, dietary glucose may 

induce mobilization of enterocyte fat to plasma. Previous study found that after 

consumption high-fat diet for 5 h and then 38 g of glucose drinking (Robertson et al., 

2003). Fat retained within the jejunal tissue of ten healthy patients can release to 

circulation by dietary glucose and presented in significant increase chylomicrons in 

the circulation when compare to water drinking. Moreover, high extracellular glucose 

concentration (25mM) can increase fluidity and permeability at tight junctions of 

human intestinal Caco-2 cells (Souza et al., 2003). The rising of fluidity and 

permeability at tight junction can increase nutrients transport including fat. Thus, 

comparison to sucrose, isomaltulose can decrease plasmaglucose after breakfast that 

may decrease fat transport through epithelial cells resultion in less fat retained 

within the jejunal tissue. Then, challenging of sucrose drinking at lunch may cause to 

less fat release to the circulation and lead to significant lowering triglyceride level 

after second-meal consumption. Interestingly, peak in sucrose group was delayed 

from isomaltulose may cause from high level of postprandial insulinemia after lunch 

delay triglyceride-rich lipoprotein (TRL) release to the circulation (Lairon et al., 2007). 

Long-term high in plasma triglyceride levels as VLDL may attend to induce 

cholesterol ester transfer protein (CETP) activity contribute to rising HDL clearance 

and decreased HDL concentrations (Zivkovic et al., 2007), it associated with increased 

risk of cardiovascular disease (Nordestgaard et al., 2007). Interestingly from our 

results, isomaltulose seems to delay high-fat absorption after breakfast and lunch 

resulting in lowering triglyceride levels compare to sucrose, which is profitable to 
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vascular health. Previous data found that 20%-40% reduction of postprandial 

triglyceride relate to decrease CVD for 30%-40% (O‖Keefe et al., 2008). 

NEFA 

NEFA normally present in blood arise from triglyceride-rich lipoproteins such 

as chylomicrons from dietary fat. It is usually high in the obese, due to high release 

from the enlarged adipocyte and slow clearance rate (Karpe et al., 2011). Our results 

found no significant difference of NEFA between groups all the day (0-480 min). After 

breakfast consumption in both groups peaked at 120 min similar to other studies 

(Arai et al., 2007)At 0 to 2 h after breakfast, NEFA significantly decreased in the 

sucrose group, as they are suppressed by high-GI replacement in the meal. High-GI 

diet cause a high increase in plasma glucose, triggered insulin secretion, the great 

amount of insulin inhibits lipolysis in adipose tissue cause NEFA releasing (Arai et al., 

2007). Then, NEFA raised at a slow rate from 2 to 4 h after breakfast and significantly 

drop at 30 min before lunch in the isomaltulose group, in accordance with a 

previous study (Ludwig 2002). In my study, when plasma glucose fell to baseline or 

below, it triggers counterregulatory hormones such as glucagon, growth hormone, 

cortisol and epinephrine stimulate lipolysis in the adipose tissue lead to increase 

NEFA to the circulation. Moreover, the rebound of NEFA may cause from the 

interaction between the effects of fat and type of carbohydrate and NEFA may 

suppress by prolong starch digestion (Wolever et al., 1995). 

After the second regular meal, NEFA of the isomaltulose group noticeably 

decreased when compared to sucrose group and the iAUC for NEFA concentration 

was significantly lower in isomaltulose group. A high-GI meal rapidly escalates plasma 

glucose and insulin levels, followed by individual hypoglycemia. This condition 

activates counterregulatory hormone to recover euglycemia and elevates NEFA while 
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the same mechanism is not triggered by low-GI diet (Ludwig 2002). Furthermore, 

NEFA is associated to triglyceride level and insulin. NEFA releases from triglyceride by 

lipoprotein lipase (LPL), high level of postprandial insulin can activate LPL activity 

result in increased NEFA (Melmed et al., 2011). The reduction of NEFA level after 

regular lunch consumption in isomaltulose group owing to lower levels of NEFA 

before lunch. The early data found the acute rising in NEFA can cause of insulin 

resistance within 2-4 h and increase blood glucose by induce hepatic glucose output 

within 1-4 h (Boden 2008; Ferrannini et al., 1983). Therefore, breakfast which is delay 

NEFA releasing could bring about to improve insulin sensitivity and decrease blood 

glucose all the day. Furthermore, the elevated in NEFA levels correlate to rising of 

oxidative stress by trigger mitochondrial uncoupling and β-oxidation (Davì et al., 2005; 

Furukawa et al., 2004). 

Lipid peroxidation 

Oxidative stress is results from the imbalance between reactive oxygen 

species (ROS) and antioxidant defenses. The specific ROS accumulation induces lipids 

oxidation at cell membrane, called lipid peroxidation. The end products of lipid 

peroxidation are reactive aldehydes such as malondialdehyde (MDA) and 4-

hydroxynonenal (HNE) (Pillon and Soulage 2012), in our study used MDA for 

measurement and presenting by plasma thiobarbituric acid reactive substance 

(TBARS). MDA is involved in systemic oxidative injury marker in nondiabetic human 

and animal (Furukawa et al., 2004), it usually high in obese and diabetic patients 

(Vincent and Taylor 2005). Not only weight gain, high-fat diet also trigger visceral fat 

accumulation. In rats model, high-fat diet progress liver injury in obese rats (Carmiel-

Haggai et al., 2005). In the same way, our results showed that high-fat with 

isomaltulose consumption at breakfast was lowering trend of MDA over the 

intervention period, when compared to high-fat with sucrose.  
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Hyperglycemia promotes oxidative stress and glucose autoxidation (Davì et 

al., 2005).  The in vitro and vivo study found that glucose and hyperglycemia can 

induce lipid peroxidation in both healthy subjects and diabetic patients (Rajeswari et 

al., 1991). The previous studies confirm the correlation between plasma glucose and 

MDA (Altomare et al., 1992; Noberasco et al., 1991; Paolisso and Giugliano 1996). As 

well as our plasma glucose results, isomaltulose group was lower plasma glucose 

level than sucrose group. Similar to insulin results in our investigated, insulin levels in 

isomaltulose group was lower than sucrose group along the intervention period. 

Some study found that insulin resistance may increase circulating MDA in healthy 

young men (Mizuno et al., 2004) and relate to oxidative stress including to lipid 

peroxidation (Paolisso and Giugliano 1996). Several studies explained that from the 

reducing of antioxidant levels, particularly vitamin E causing by hyperinsulinemia 

(Rifici et al., 1994) and other mechanism found that insulin concentration may 

increase in O2 by induce oxidation of LDL (Landsberg 1996).  Moreover, insulin 

involved to a rising in NEFA.  

Lipidemia (NEFA and triglycerides) were strong correlation with lipid 

peroxidation (Wallace et al., 2010). NEFA can impair insulin action by plasma free 

radicle mechanism (Paolisso and Giugliano 1996). Consistent to NEFA results, the 

trends in isomaltulose group was lower than sucrose group, it may involve to the 

positive correlation between NEFA and MDA (Bayerle-Eder et al., 2004; Furukawa et 

al., 2004). Elevating of NEFA can produce nitroxide radicle in endothelial cells. In 

culture, NEFA also generate ROS formation in white cells (Inoguchi et al., 2000). 

Likewise triglyceride, excessive triglycerides may increase superoxide in electron 

transport chain process (Bakker et al., 2000). It had positive correlation with lipid 

peroxidation (Vincent and Taylor 2005). Consist of results in our study, isomaltulose 

group was lower triglyceride level than sucrose group.  
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Appetite 

Obesity induced by voluntary over-eating of diet, caused of the energy 

imbalance. Appetite regulation is important due to adjust the inappropriate energy to 

equal, it refer to all kind of aspects of eating patterns. Feeding behavior is modulated 

by short-term hormonal, psychological and neural signals (Arora 2006). In our study 

designed to measure hunger and fullness represent by appetite. Hunger and fullness 

levels measured every 60 min by 100 mm visual analogue scales. The results 

showed that ingestion of high-fat with isomaltulose significant lowering in hunger 

levels at every time points before lunch when compared with high-fat with sucrose 

consumption The remarkable result that isomaltulose was significantly decrease in 

hunger levels at lunch time (240 min), that may affect to the amount of food intake 

at the sequent meal and maybe advantage for weight control. Hunger is a desire, 

craving, or need for food, it happened when low blood glucose or hypoglycemia 

(Fiatarone et al., 1994). High-GI diet such as sucrose is rapidly increase and decline in 

blood glucose lead to rapid hypoglycemia, cause in accelerate hunger. Whereas 

isomaltulose, a low GI properties, it slow raise and fall in blood glucose result in 

delay hypoglycemia and hunger (Arumugam et al., 2008). Moreover, isomaltulose 

also increase leptin secretion contribute to slow rate of hunger (Holub et al., 2010). 

High-fat diet in breakfast plays a role in delay hunger by decrease cholecystokinin 

(CCK) secretion and present in slow gastric emptying (Karra et al., 2009).  

After regular lunch consumption, hunger levels in isomaltulose group was 

lower than sucrose group until intervention finished and it also significant decreased 

at 480 min. The data may support the effect of isomaltulose in high-fat consumption 

at first meal can prolong to second meal. The notable point is isomalulose may 

interaction with high-fat diet and present in extend the effect to after second meal. 

However, the data related to isomaltulose and hunger levels is still limit.   
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The behavioral studies found that obese female preferences for 

fat/carbohydrate combination foods (e.g. cakes, ice cream) and obese men prefer to 

high-fat foods (e.g. meats) (Mela 1996). In our study showed that fullness levels after 

high-fat with isomaltulose consumption are higher than high-fat with sucrose feeding 

all time after breakfast and significant increase at lunch time (240 min), parallel with 

hunger levels results. The early data indicated that short-term appetite regulating 

may involve to insulin concentration, for example the rising of insulin may relate to 

increase in appetite (Flint et al., 2007). Some study found that elevated insulin 

concentration resulted in increased satiety (Mathern et al., 2009). Isomaltulose is 

another factor that affect to satiety due to low GI property. Some information 

mentioned about high GI beverages presented in decreased fullness and subsequent 

overeating, while low GI drinks prolonged hunger (Harrington 2008). The other cause 

may due to high-fat diet induce GLP-1 (glucagon-like peptide-1) and modulates the 

appetite. Besides of high-fat diet, previous study found that isomaltulose triggered 

GLP-1 secretion in rat gut by oral administration, more than sucrose does (Hira et al., 

2011; Sandoval et al., 2013),  and in human study found that isomaltulose can 

stimulated GLP-1 and leading to delay gastric emptying (Wu et al., 2012).  

After the second meal consumption, isomaltulose group still high in fullness 

levels and significant increase at 480 min when compare with sucrose group, 

consistent with hunger results. The prolongation of fullness level or second meal 

effect may cause from isomaltulose which is low GI sugar and high in fat composition 

in meal. In stomach, fat reduces antral, duodenal contraction, enhances tonic and 

pressure of phasic pyloric and result in slowing gastric emptying (Little et al., 2007). 

Moreover, dietary fat in the small intestinal also regulate gastrointestinal hormones 

secretion, including peptide YY (PYY), CCK, GLP-1 and ghrelin (Feltrin et al., 2006; 
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Lieverse et al., 1994) which are play a major role gastrointestinal function and 

appetite (Little et al., 2007).   

Conclusion 

 

Figure 20 The Effects of Isomaltulose-Based Beverage on Postprandial Plasma 

Glucose and Lipid Profiles in Obese Men. 

In addition, data from 3-day food record shows no significant difference of the 

energy intake (kcal/day) of those participants between the sessions.   

From this study, the second-meal effect describes the ability of isomaltulose 

intake with high-fat diet at a single meal (breakfast) to influence postprandial plasma 

glucose, lipid profiles and appetite at the next meal (lunch) as shown in Figure 20. 

Moreover, many evidences found the consuming low-GI meals and low-GI 

substitution in high fat and high-carb meal cannot only decrease postprandial 

glycemia and lipid profiles after the first meal, but also after the second meal (Arai et 

al., 2007; Wolever et al., 1995).  
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Therefore, isomaltulose may be used as a potential alternative of sugar for 

obese to maintain daily glycemic control, regulate appetite and reduce risks of 

metabolic syndromes. 
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CHAPTER VI 

CONCLUSION 

 This study demonstrated that consumption of isomaltulose with high-fat diet 
as the first-meal followed by the regular second-meal significantly decreased 
postprandial glucose, insulin, lipid peroxidation (MDA) and appetite after the first 
meal and also showed the second-meal effect on those parameters in obese men. 
Although consumption isomaltulose with high-fat diet has benefits on the second-
meal effect sustained glycemic response, reduce oxidative stress and decrease 
appetite during the day, the researchers do not recommend people to consume 
more high-fat diet because it can lead to increased risk of non-communicable 
chronic diseases. However, in reality of the modern life style, people cannot avoid 
ready-to-eat-meals which contain high-fat and usually serve with sweet drink 
because they desire more convenience and time-saving. Therefore, isomaltulose 
which can help to control metabolic parameters substitution maybe an alternative 
choice of sweetener to maintain the regulation of energy balance homeostasis and 
maybe decrease the risk of hyperglycemia and insulin resistance. 
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Participant No……………………………….                     Date……………………………………… 

 

Level of Hunger (ระดับความหิว) 
0 = ไม่หิวเลย, 10 = หิวมากที่สุด 

After breakfast 

0 min.  (ก่อนกิน)     0                          10 

 

60 min.                  0                            10 

 

120 min.       0                            10 

 

180 min.               0                            10 

 

240 min.       0                           10 

 

After lunch 

 

0 min.  (ก่อนกิน)    0                          10 

 

60 min.        0                          10 

 

120 min.       0                          10 

 

180 min.       0                           10 

  

240 min.               0                           10 
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Participant No……………………………….                     Date………………………………………  

 

Level of Fullness (ระดับความอิ่ม) 
0 = รู้สึกท้องว่างมาก, 10 = รู้สึกอิ่มจนอึดอัดท้อง 

After breakfast 

0 min.  (ก่อนกิน)     0                          10 

 

60 min.                  0                            10 

 

120 min.       0                            10 

 

180 min.               0                            10 

 

240 min.       0                           10 

 

After lunch 

 

0 min.  (ก่อนกิน)    0                          10 

 

60 min.        0                          10 

 

120 min.       0                          10 

 

180 min.       0                           10 

  

240 min.               0                           10 
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Data of plasma glucose (mg/dL) (n=12) 

Sucrose group after breakfast (0-240 min) 

Subjects 
Time (min) 

0 30 60 120 180 210 240 
A 55.813 129.152 93.5215 82.3089 89.5348 71.8438 100.774 
B 78.903 184.717 116.943 92.0265 76.6253 79.4019 108.668 
C 81.692 142.936 118.307 79.6940 78.6923 83.8461 81.2307 
D 79.972 122.948 156.745 126.912 83.5187 88.5257 74.3393 
E 73.922 126.077 105.215 76.9123 68.0806 73.2962 71.0013 
F 80.218 150.899 123.690 78.6552 81.4699 78.4206 87.5684 
G 74.727 121.762 120.124 72.8549 66.0687 75.8970 72.8549 
H 81.629 169.009 151.996 91.3738 79.6326 78.6741 93.2907 
I 85.803 125.741 139.937 92.0436 82.9953 74.7270 79.5632 
J 68.060 162.281 155.665 105.475 69.9620 65.3232 73.0038 
K 65.247 92.0152 93.9924 73.7643 68.9734 76.0456 77.8707 
L 86.013 105.681 77.6222 87.5872 102.272 94.0557 83.3914 

 

Sucrose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 105.23 86.046 89.368 90.531 103.98 75.830 85.299 84.302 
B 137.12 86.046 73.754 82.894 99.750 84.219 77.823 99.003 
C 177.96 133.98 96.766 105.11 96.766 108.04 106.46 89.323 
D 154.08 162.78 132.97 122.34 122.80 115.40 101.54 89.522 
E 136.90 153.92 142.98 124.19 104.77 120.03 88.597 81.972 
F 156.99 148.31 126.03 115.24 124.15 113.36 103.98 86.161 
G 138.14 97.503 93.915 90.405 95.085 97.425 87.032 77.209 
H 170.92 158.46 147.28 105.75 81.549 93.051 76.517 82.508 
I 114.82 118.25 86.427 114.97 99.531 85.959 87.597 85.491 
J 132.77 83.193 136.88 130.11 80.836 100 70.570 75.589 
K 113.00 202.88 85.627 110.72 76.501 117.41 87.756 75.893 
L 146.85 86.538 114.07 108.30 122.55 121.67 100.96 98.076 
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Isomaltulose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 104.983 138.122 144.850 103.239 94.2691 90.2823 99.7491 
B 65.0154 74.3034 129.102 96.8266 66.8730 87.7709 89.1640 
C 77.5541 121.671 121.439 71.8266 81.5789 77.3219 76.3931 
D 78.9137 95.2076 95.2076 53.0352 56.8690 71.8222 72.1479 
E 79.0735 128.035 150.159 84.9041 56.2301 52.0767 68.1310 
F 79.9062 120.641 106.333 88.9757 77.7170 76.3096 81.2353 
G 93.3541 130.961 90.2267 81.6262 84.5191 83.8155 81.7826 
H 87.2901 124.700 120.383 77.4580 65.8673 77.6978 79.3764 
I 91.7904 118.060 119.233 80.7662 83.1900 79.1243 93.1978 
J 82.8393 109.594 144.149 105.850 65.8346 74.8830 81.5132 
K 80.2446 118.793 72.1152 79.9823 84.9648 79.1956 80.7690 
L 81.3725 120.098 124.509 59.0686 74.6732 74.7549 62.9901 

 

 

Isomaltulose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 125.66 119.93 80.813 101.74 81.063 85.548 84.302 80.813 
B 130.54 116.79 107.04 86.377 78.250 75.387 95.897 90.557 
C 108.43 88.003 93.808 78.482 81.501 80.572 101.39 97.523 
D 100.95 199.20 145.76 103.06 102.87 77.715 87.539 77.476 
E 118.92 135.70 154.63 109.34 110.06 51.357 94.249 86.102 
F 116.02 122.28 94.136 106.80 98.045 96.012 104.45 91.946 
G 131.82 110.32 84.910 103.67 105.39 98.358 92.728 91.790 
H 148.92 176.81 128.05 123.74 109.11 96.642 74.580 87.290 
I 121.57 118.06 77.873 108.44 84.597 96.716 92.025 95.777 
J 136.97 122.23 92.043 108.19 103.04 85.335 87.597 94.383 
K 130.59 99.999 113.28 106.64 80.244 111.88 102.09 81.293 
L 116.50 115.19 101.96 89.215 87.908 81.372 88.725 93.137 
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Data of plasma insulin (μIU/mL) (n=12) 

Sucrose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 5.46204 54.0099 84.3796 6.26421 4.42474 4.72575 5.42904 
B 4.99331 118.939 75.0267 22.4515 6.23076 6.26421 6.49832 
C 6.38613 116.765 77.9364 10.2775 7.09456 5.96321 6.18811 
D 3.48184 63.0528 79.0401 8.80602 6.36454 5.89632 3.08580 
E 19.5544 66.0231 89.5083 115.528 28.4715 20.5618 20.6765 
F 6.02310 76.1558 87.6478 17.9699 5.26087 5.36120 5.85808 
G 5.69306 80.3967 54.2575 6.66555 4.65886 4.69230 5.82508 
H 16.2666 58.2666 76.4026 18.2666 12.1333 10.8805 13.2967 
I 8.66666 41.7619 81.0097 38.9834 3.42857 1.76190 2.95238 
J 13.1904 67.2381 159.619 106.761 13.9047 12.7142 16.0476 
K 14.8571 73.7299 118.190 52.2381 17.2381 9.61904 8.66666 
L 48.1904 193.190 110.809 93.4285 68.6666 34.3809 32.4761 

 

 

Sucrose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 54.438 32.150 28.237 61.077 14.324 9.5418 5.0602 16.130 
B 43.856 28.451 19.374 30.043 6.1304 18.270 10.143 6.5652 
C 59.851 30.110 58.175 57.362 10.3444 42.511 5.5618 5.8963 
D 72.260 58.036 41.749 63.934 16.297 14.324 19.6755 8.2040 
E 101.40 111.27 93.722 115.32 78.4715 89.474 38.4381 24.591 
F 64.169 42.451 52.117 49.575 29.9097 47.769 22.3177 8.2374 
G 49.830 29.575 23.722 28.906 42.6521 12.284 13.0869 8.9732 
H 60.677 56.809 60.402 43.333 26.1333 22.309 16.4209 39.210 
I 57.794 38.190 49.142 51.761 11.5238 39.963 6.04761 7.7142 
J 107.19 128.19 159.14 175.80 107.714 96.285 42.2381 41.047 
K 106.52 77.476 52.934 60.837 77.4761 74.619 16.7619 14.857 
L 158.42 73.666 100.09 69.619 62.4761 89.142 30.5714 26.047 
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Isomaltulose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 7.74098 39.8393 82.5934 8.69180 5.93770 8.82295 6.95409 
B 6.79016 66.2655 17.3475 7.08524 6.88852 7.41311 8.10163 
C 5.34754 22.8557 52.5606 8.36393 5.64262 4.88852 5.47868 
D 6.54098 18.9541 14.1344 6.23278 5.57704 8.23278 6.69180 
E 6.20000 48.6590 53.4459 31.5114 8.88852 7.08524 6.95409 
F 7.05245 38.2983 95.6098 5.01967 4.85573 4.95409 5.51147 
G 13.4285 26.7619 78.6666 67.2381 24.6373 18.0439 15.9560 
H 11.7802 79.8022 119.802 21.0109 15.2967 11.0109 8.04395 
I 10.9011 40.7912 96.1758 16.7252 14.8571 7.60439 7.27472 
J 10.7912 37.4945 47.0549 14.6373 10.9011 10.6813 7.82417 
K 12.8791 57.4945 82.7692 8.48351 6.50549 7.38461 6.28571 
L 11.2307 38.5934 88.2637 55.5164 12.4395 9.36263 7.60439 

 

 

Isomaltulose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 90.626 49.478 9.0852 39.609 11.708 8.6918 6.6590 7.3147 
B 101.83 117.18 95.085 77.052 101.74 29.249 29.937 18.593 
C 31.281 14.363 14.560 21.872 37.885 5.4459 5.1508 5.3803 
D 42.101 61.216 37.052 36.298 28.593 8.2655 6.1016 7.4459 
E 43.281 50.921 83.118 79.872 74.757 8.4622 32.560 17.806 
F 35.019 54.527 48.888 39.281 25.019 26.331 20.674 16.309 
G 55.516 64.197 57.274 75.516 54.857 47.274 45.846 14.857 
H 59.582 40.901 26.945 41.780 30.461 12.769 14.417 13.208 
I 35.186 47.384 52.879 59.912 43.098 21.450 11.010 9.2527 
J 51.560 57.934 27.824 32.989 15.956 17.494 8.8131 11.230 
K 62.769 35.406 39.912 30.901 40.572 16.945 8.2637 7.9340 
L 34.637 62.329 29.142 41.230 48.043 13.538 6.9450 7.6043 
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Data of plasma triglyceride (mg/dL) (n=12) 

Sucrose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 84.7112 80.9518 115.277 103.240 128.703 140.277 84.7112 
B 128.821 109.773 99.0740 121.296 112.963 110.185 128.821 
C 116.461 107.616 85.6481 106.481 137.5 128.240 116.461 
D 124.274 108.598 173.611 150.095 192.592 238.888 124.274 
E 112.530 92.3830 110.648 119.444 113.888 119.907 112.530 
F 87.5295 82.0139 93.5247 110.790 110.790 112.709 106.954 
G 58.3333 66.9047 72.1428 83.5714 93.5714 95.7142 102.857 
H 55.6338 40.1408 62.4408 60.0943 63.3802 64.1549 69.4507 
I 51.6666 43.5714 58.3333 65.9523 74.5238 65.0385 57.8571 
J 42.2104 49.4968 63.8184 56.2807 71.3563 69.0941 80.4013 
K 88.9510 95.7498 99.1492 111.047 126.344 124.645 139.942 
L 74.1092 77.4346 111.639 131.591 122.565 123.515 114.726 

 

 

Sucrose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 125.81 189.02 186.15 172.79 201.90 243.43 170.40 242.95 
B 199.99 160.85 133.60 143.67 152.26 156.56 151.79 160.19 
C 159.70 150.83 136.03 134.12 132.69 147.97 147.97 144.15 
D 155.48 184.79 161.81 144.15 129.35 181.86 176.61 185.68 
E 150.36 197.13 197.61 195.22 163.72 156.56 162.29 154.17 
F 96.162 97.601 167.06 147.01 136.99 198.56 121.34 152.27 
G 102.14 112.85 114.28 86.428 107.85 130.23 98.571 105.87 
H 69.483 73.943 67.605 67.605 78.169 88.732 82.394 69.014 
I 54.523 90.714 72.857 96.428 72.142 65 89.285 71.428 
J 84.923 124.87 111.30 86.431 89.446 57.788 62.310 74.873 
K 90.650 81.302 169.97 102.54 114.44 97.449 191.50 155.80 
L 114.72 154.63 136.81 128.26 102.61 92.636 101.90 91.211 
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Isomaltulose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 128.674 127.228 113.888 152.314 137.962 154.629 153.253 
B 141.686 112.771 86.5740 84.2592 117.592 117.592 147.469 
C 98.3132 99.7590 65.7407 86.5740 94.4444 104.629 124.337 
D 77.4647 97.8873 95.0704 108.450 115.492 118.570 121.126 
E 86.6197 113.380 104.225 105.633 115.492 118.309 124.647 
F 66.6661 72.4215 69.0642 69.5438 89.6877 95.4431 107.433 
G 46.5223 48.4407 51.7980 60.4311 57.0738 55.1553 55.1553 
H 28.1401 32.9139 39.6978 54.7732 69.3460 72.8636 56.2807 
I 73.8604 82.4935 86.8100 93.2848 100.718 97.6014 105.515 
J 52.6190 52.8571 56.4285 58.8095 65.9523 74.0476 78.5714 
K 47.5059 49.1686 42.7553 41.3301 52.0190 49.8812 57.9572 
L 67.1428 54.2857 56.4285 76.4285 66.6666 71.4285 95 

 

 

Isomaltulose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 200.96 181.04 169.66 131.27 183.41 163.50 175.82 157.82 
B 212.53 221.80 209.47 202.37 137.44 209.00 189.09 194.78 
C 147.46 143.12 105.68 80.094 75.829 133.64 135.07 117.53 
D 101.40 109.85 122.53 116.90 121.12 102.81 105.63 98.591 
E 97.183 113.38 105.63 114.08 90.140 72.535 87.323 100.93 
F 99.759 124.22 112.70 144.36 105.51 107.67 95.443 94.004 
G 70.503 72.421 65.946 67.145 70.982 60.910 61.630 60.431 
H 60.803 44.220 69.094 59.295 67.587 64.572 54.773 72.361 
I 84.411 112.70 114.86 113.42 108.39 119.90 116.54 104.07 
J 78.333 98.809 90.714 89.285 95.714 88.571 76.428 70.714 
K 78.384 92.636 69.358 70.546 66.983 75.534 48.931 49.406 
L 65.714 75.238 78.571 73.571 72.857 57.142 66.428 45.714 
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Data of NEFA (μmol/L) (n=12) 

Sucrose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 538.163 347.142 189.183 258.979 284.693 630 427.959 
B 288.367 136.999 159.795 115.714 203.877 281.020 369.183 
C 483.061 295.714 156.122 119.387 284.693 416.938 505.102 
D 659.387 552.857 358.163 229.591 196.530 295.714 438.979 
E 530.816 303.061 247.959 181.836 328.775 483.061 567.551 
F 203.357 158.405 79.2025 55.6558 141.280 226.904 370.325 
G 524.449 353.200 237.607 333.934 436.684 560.839 573.683 
H 572.786 275.378 343.671 138.790 482.462 359.092 528.725 
I 117.119 70.2714 34.0709 19.1649 42.5887 121.377 91.5657 
J 161.837 63.8830 48.9770 57.4947 108.601 136.283 204.425 
K 331.725 268.539 234.690 99.2920 227.920 345.265 512.256 
L 182.787 45.1327 36.1061 94.7787 108.318 221.150 225.663 

 

 

Sucrose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 244.48 214.29 172.04 196.18 175.06 178.07 256.55 377.286 
B 178.07 129.78 123.75 87.530 123.75 196.189 256.55 298.811 
C 468.36 284.69 196.18 126.73 123.06 174.489 189.18 196.530 
D 541.83 546.31 259.57 322.95 359.17 359.176 200.20 306.734 
E 545.51 677.75 358.16 314.08 387.55 218.571 270 255.306 
F 259.01 113.45 117.73 57.796 100.60 40.6715 109.17 173.389 
G 642.18 288.98 154.12 132.71 124.15 92.0461 134.85 298.568 
H 319.43 224.70 140.99 105.74 169.63 680.734 372.31 143.196 
I 104.34 44.718 83.048 83.048 48.977 76.6597 95.824 134.154 
J 155.44 134.15 91.565 70.271 74.530 66.0125 57.494 83.0480 
K 297.87 203.09 103.80 67.699 126.37 126.371 153.45 135.398 
L 58.672 139.91 90.265 60.929 42.876 38.3628 22.566 49.6460 
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Isomaltulose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 501.428 461.020 299.387 292.040 325.106 431.632 508.775 
B 916.530 857.755 549.183 328.775 394.819 472.040 710.816 
C 630.286 747.551 314.081 214.898 376.530 497.755 718.163 
D 780.715 861.829 865.884 294.035 671.212 557.654 768.548 
E 659.045 908.469 567.793 594.155 511.013 521.153 377.176 
F 450.178 379.204 186.721 206.839 354.870 395.427 435.984 
G 370.655 189.508 161.639 55.7377 217.377 312.131 334.426 
H 304.084 213.098 153.239 117.323 301.690 270.563 282.535 
I 224.827 117.111 79.8304 83.3596 122.777 88.3304 89.4736 
J 247.444 181.880 113.134 64.7690 63.7748 106.225 191.274 
K 382.5 252.801 59.3534 61.5517 268.189 261.594 208.836 
L 244.008 261.594 96.7241 46.1637 147.284 204.439 184.655 

 

 

 

Isomaltulose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 170.02 150.83 95.983 145.34 131.63 208.42 340.05 422.32 
B 142.60 213.90 252.29 235.84 202.93 227.61 230.36 381.19 
C 241.32 224.87 345.54 249.55 337.31 449.75 490.88 296.17 
D 652.96 464.37 683.37 695.54 650.93 411.65 703.65 971.33 
E 448.15 263.61 135.86 160.19 324.45 111.53 160.19 131.80 
F 513.04 336.62 253.47 204.81 200.75 294.02 174.39 166.28 
G 288.59 80.819 111.47 72.459 66.885 89.180 264.75 445.90 
H 210.70 102.95 62.253 83.802 64.647 86.197 129.29 172.39 
I 103.09 120.24 120.64 87.336 74.014 85.894 104.93 78.239 
J 131.22 109.35 59.251 54.877 67.204 94.146 114.72 207.23 
K 182.45 134.09 118.70 61.551 65.948 96.724 127.54 259.39 
L 175.86 79.137 68.146 28.577 32.974 41.767 153.87 248.40 
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Data of MDA (μM) (n=12) 

Sucrose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 0.25936 0.67456 1.01547 0.62152 0.40862 0.40977 0.24106 
B 0.59529 0.89407 1.25458 0.74811 0.54441 0.56303 0.59972 
C 0.45670 1.10195 1.24330 0.54222 0.42286 1.00106 0.48294 
D 0.10920 0.19182 0.32805 0.02806 0.16084 0.08953 0.23264 
E 0.39345 0.53165 0.46280 0.42591 0.37870 0.58083 0.33887 
F 0.32608 0.50804 0.30690 0.36149 0.32805 0.38460 0.38903 
G 0.74331 0.98719 0.82565 0.86117 0.87539 0.90193 0.83108 
H 0.36877 0.64992 0.55510 0.56420 0.47943 0.43580 0.48109 
I 0.58719 0.86117 0.63421 0.67434 0.70757 0.87748 0.63986 
J 0.64924 0.94199 0.84169 0.84087 0.77645 0.43560 0.56281 
K 0.71134 0.66607 0.61163 0.53579 0.46244 0.73426 0.60074 
L 0.52853 0.59501 0.54114 0.46091 0.52624 0.57381 0.49702 

 

 

Sucrose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 0.1945 0.7541 0.2673 0.6232 0.2633 0.0305 0.0045 0.01930 
B 0.6243 0.7557 0.9424 0.7338 0.5017 0.3363 0.4743 0.22135 
C 0.6227 0.7355 0.8477 0.6966 0.4031 0.2498 0.2804 0.25859 
D 0.2520 0.2031 0.1438 0.1655 0.4271 0.2355 0.4777 0.39644 
E 0.7008 0.7042 0.5513 0.4770 0.6693 0.4667 0.6703 0.18936 
F 0.2921 0.4750 0.4195 0.2692 0.3383 0.4101 0.3742 0.15986 
G 0.8323 0.8335 0.9711 0.6292 0.5677 0.7596 1.1646 0.67434 
H 0.4440 0.7137 0.8780 0.8379 0.7492 0.7220 0.7082 0.55614 
I 0.5107 0.5313 0.3972 0.3132 0.3834 0.2743 0.4009 0.39095 
J 0.4453 0.7019 0.6296 0.5481 0.4682 0.2676 0.1550 0.36221 
K 0.8139 0.8196 0.8192 0.6591 0.7061 0.5715 0.6758 0.73255 
L 0.6167 0.5652 0.4849 0.4246 0.4655 0.6179 0.5170 0.47065 
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Isomaltulose group after breakfast (0-240 min) 

Subject 
Time (min) 

0 30 60 120 180 210 240 
A 0.17721 0.18876 0.00465 0.00920 0.1232 0.26889 0.27127 
B 0.17853 0.19865 0.33715 0.10071 0.05626 0.34606 0.19074 
C 0.13484 0.13995 0.41927 0.01332 0.11034 0.21877 0.22536 
D 0.20264 0.05904 0.08928 0.22428 0.05756 0.09396 0.02289 
E 0.14682 0.19772 0.04060 0.07472 0.07822 0.05363 0.07005 
F 0.69295 1.02565 1.01146 0.92314 1.16823 0.80503 0.79155 
G 0.66763 0.71101 0.75439 0.88396 0.85239 0.94216 0.68191 
H 0.29589 0.02865 0.42310 0.41032 0.32253 0.22848 0.08496 
I 0.66763 0.40628 0.55014 0.50978 0.41919 0.40930 0.40107 
J 0.73954 0.73704 0.86995 0.82815 0.94477 0.69879 0.68395 
K 0.53968 0.45983 0.49965 0.57711 0.61173 0.45334 0.64938 
L 0.62644 0.46935 0.55374 0.53946 0.60848 0.57062 0.47931 

 

 

Isomaltulose group after lunch (270-480 min) 

Subject 
Time (min) 

270 300 330 360 390 420 450 480 
A 0.0071 0.1808 0.2609 0.0472 0.3615 0.3256 0.2540 0.2258 
B 0.0387 0.1881 0.0463 0.0027 0.1531 0.2006 0.3242 0.1704 
C 0.0051 0.0858 0.0205 0.0031 0.2530 0.2580 0.1376 0.0921 
D 0.3044 0.2272 0.1837 0.2110 0.2434 0.0678 0.2287 0.0147 
E 0.4571 0.4710 0.4774 0.5251 0.6132 0.4616 0.4598 0.6057 
F 0.5230 0.3901 0.3173 0.3901 0.3123 1.0549 0.4390 0.6376 
G 0.3384 0.4414 0.5737 0.5144 0.5410 0.4875 0.5320 0.5830 
H 0.0246 0.0349 0.1841 0.0764 0.0561 0.1531 0.2303 0.7797 
I 0.3755 0.3354 0.3598 0.3220 0.1828 0.3986 0.5435 0.5559 
J 0.764 0.6914 0.7790 0.7959 0.8135 0.8436 0.5125 0.4386 
K 0.3670 0.4916 0.4650 0.4053 0.4425 0.4682 0.3555 0.2131 
L 0.5254 0.5680 0.4286 0.3347 0.3274 0.2919 0.2819 0.3105 
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Data of Hunger level (n=12) 

Sucrose group  

Subject 
Time (min) 

0 60 120 180 240 300 360 420 480 
A 10 2.1 3.3 6.4 8.4 1.3 2.6 4.4 6.2 
B 9.1 2.9 4.7 7.8 9.7 1.8 3.8 6.1 8.7 
C 10 2.8 5.3 7.6 8.8 1.2 5.4 6.1 8.1 
D 9 4 4.4 6.5 8.4 3.1 4.1 5.4 6.9 
E 5.7 7.7 3.8 8.3 9.2 4.5 8.2 8.1 8.3 
F 6.8 4.3 5.1 6.1 8.5 3.9 4 5 6.6 
G 4.6 3.2 3.7 4.9 6.2 3 3.3 3.6 6.9 
H 5.4 5.2 5.4 6.2 7.1 3.5 3.2 3.8 4.3 
I 8.5 2.5 3.6 5.6 8.6 1.4 2.2 3.2 5 
J 5.2 3.9 5.4 7.4 8.3 2.9 2.5 3 4.3 
K 7.3 5.2 5.4 6.2 6.7 3.2 3.1 3.1 3.5 
L 2.5 5.5 4.7 2 1.6 2.7 2.7 2.7 2.7 

 

 

Isomaltulose group  

Subject 
Time (min) 

0 60 120 180 240 300 360 420 480 
A 8.6 1.9 4.1 5.6 7.2 2.8 4 4.8 5.5 
B 9.7 1.3 2.4 4.7 7.6 2.6 4.2 6.5 9 
C 5 3 4.5 6.1 7.6 5 4.9 6.5 7.7 
D 8.4 5 3.5 5 6.2 3.9 4.9 6 7.4 
E 6.7 1.2 2.5 3.8 5 3.2 3.1 4.3 3.3 
F 9 2.1 3.3 5.6 7 3.4 3 3.4 4.2 
G 8.1 1.9 2.6 6.1 7.5 1.1 1.2 2.7 4 
H 3.4 1 1 1.9 4.4 2.1 3.5 5.2 7.9 
I 5.3 3.4 3.3 3.2 3.4 2.6 3.7 5.5 5.6 
J 8.8 1.3 1.3 2.1 2.9 1 1.9 4.5 5.3 
K 3.3 2.3 1 4.2 8.2 1.4 1.4 4.2 5.5 
L 8.9 2.3 2.6 4.7 8.2 5.7 4.1 4 4 
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Data of Fullness level (n=12) 

Sucrose group  

Subject 
Time (min) 

0 60 120 180 240 300 360 420 480 
A 6.9 4.2 1.7 1.1 7.8 6.1 4.5 2 6.9 
B 4.2 2.7 2 1.2 6.2 2.9 1.5 1.1 4.2 
C 6.5 5.7 3.7 1.7 4.1 2.4 1.4 1 6.5 
D 6.2 2.9 2.7 1.2 6.4 4.7 3.3 1.9 6.2 
E 4.7 5.2 4.4 3.5 2.8 2.2 1 2.1 4.7 
F 5.4 4.5 4.5 3.4 7.1 6 4.7 2.7 5.4 
G 7 5.9 4.1 1 6.2 6 3.5 1.9 7 
H 6.8 5.7 3.4 2.1 7.5 6.5 5.4 3.4 6.8 
I 3.3 3.8 2.5 1 6.6 6.6 6.2 2.9 3.3 
J 5.3 5.2 4.3 3.7 4.5 2.7 1.8 1 5.3 
K 3 2.6 2.5 2.4 8.3 6.7 4.1 1 3 
L 5.5 4.7 2 1.6 5.3 5.2 4.7 2.6 5.5 

 

 

Isomaltulose group  

Subject 
Time (min) 

0 60 120 180 240 300 360 420 480 
A 1.2 4.8 4.1 2.2 1.4 6.5 3.8 2.5 1.5 
B 1.3 7.8 4.2 1.9 1.3 6.7 4.3 2 1.5 
C 3.5 5.9 4.4 2.7 1 4.8 4.2 3.5 2.2 
D 2.3 5.6 5 3.3 1.6 8.1 7.2 6.5 4.5 
E 4.6 7.7 6.4 5 4 6.2 6.1 5 3.6 
F 2.1 5.3 3.9 3.8 3.5 5.3 5 4.5 4.6 
G 3.6 5.7 4.9 3.7 3.7 6.8 6.1 5.5 4.4 
H 1.7 7.9 6.9 5.6 2.7 7.9 7 5.3 3.2 
I 2.5 8.5 7.9 5.3 3.2 8.1 6.6 5.3 5.3 
J 3.6 6.2 5.5 5.4 4.3 7.7 6.6 5.8 3.8 
K 5.3 6 5.6 5 4.5 6.5 6.5 3.9 3.4 
L 1.3 8 6.7 5.4 3 8.3 5.6 3.9 1.8 
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