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CHAPTER I 

INTRODUCTION 
Metabolic syndrome is a common disorder characterized by a series of complex 

disorder, it directly contribute to the risk of coronary heart disease, cardiovascular 

atherosclerotic disease as well as type 2 diabetes mellitus. According to the World Health 

Organization criteria (Alberti and Zimmet, 1998), metabolic syndrome is characterized 

by insulin resistance and any two of the following criteria:  high triglycerides or/ and low 

High-density lipoprotein-cholesterol (HDL-c), dysregulated glucose homeostasis, 

abdominal obesity, high blood pressure, and microalbuminuria.  Diabetes Mellitus( DM) 

is generally to be described as the most common endocrine metabolic disorders while all 

forms of diabetes mellitus share the hyperglycemia with disturbances of carbohydrate, fat 

and protein metabolism results  from defection of insulin production or/and insulin action. 

Long term hyperglycemia from whatever type 1 or type 2 DM can lead to microvascular 

and macrovascular complications involve in retinopathy, nephropathy, neuropathy as 

well as the cardiovascular disease. (American Diabetes Association [ A.D.A.], 2010)  The 

Third National Health Examination Survey 2004 reported the prevalence of Diabetes and 

Impaired Fasting Glucose in Thailand weighted to the national 2004 population is 6.7% 

and 12.5%, respectively (Wichai Aekplakorn et al., 2007). The mortality of 

cardiovascular disease and diabetes in non-communicable diseases reported by World 

Health Organization in 2008 has grown to 280 per 100,000 female and 343 per 100,000 

male in Thai populations (World Health Organization [W.H.O.], 2011: Online).    

Postprandial state is used to describe the period that comprises and follows a meal. 

Duration of the postprandial state depends on the nature of meals. After consumption a 

meal consists mainly of carbohydrates, 2–3 hours need to return to the basal state while a 

mixed meal takes 3–5 hours; And after a fat-rich meal the return to the basal state may 

take as long as 8–10 hours. (Heine et al., 2004; Aronoff et al., 2004) The postprandial 

state involves numerous regulated motor, enzymatic, secretory, hormonal and metabolic 

events (Heine et al., 2004; Aronoff et al., 2004; Jackson, Poppitt and Minihane, 2011).  

Postprandial hyperglycemia and hyperlipidemia can give rise to endothelium dysfunction, 



2 
 
finally place the risk for atherogenesis (Heine et al., 2004; Gerich, 2003).  Postprandial 

hyperglycemia has become known as an independent and clinically significant risk factor 

for cardiovascular disease in non-diabetics and diabetics. It is acknowledged as a 

potential therapeutic target to prevent microvascular as well as macrovascular 

complications then reduce cardiovascular mortality (Peter et al., 2009).   Postprandial 

lipidemia (postprandial triglycerides concentration) also has risen as a clinically 

significant cardiovascular disease risk factor and it can be modulated by various lifestyle 

(Jackson et al., 2011).    

Nutrition intervention has been generally acknowledged as the primary preventive 

approach to reduce the risk factors for coronary atherosclerosis (National Cholesterol 

Education Program Expert Panel, 2002). Whole grains and cereal are recommended by 

National Cholesterol Education Program Expert Panel as one of the first accomplishment 

to increase complex carbohydrate and dietary fiber intake in variety of fiber-containing 

foods to achieve to metabolic control and improvement in diabetes mellitus and 

cardiovascular disease. For healthy people, the grain intake based on the calories 

requirement should be 6 servings per day and at least 1/3 should be the whole grain in 

one day. Fourteen gram per 1000 kcal dietary fiber is recommended for healthy 

population to reach the adequate amount based on calorie intake. (National Academy of 

Science and the Institutes of Medicine, 2002) The Adult Theraputic Program (ATP) III 

panel recommends that the therapeutic diet should be enriched by foods that provide total 

dietary fiber intake 20-30 g daily and even up to 50 g total dietary fiber per day can be 

beneficial (National Cholesterol Education Program Expert Panel, 2002; Roth et al., 

2008). However, an average intake of dietary fiber by the Thai adults in central Thailand 

was below 9 g/d (Nattinee Jitnarin et al.,  2008).  

Oat (Avena sativa) belongs to the Poaceae family is unique among the cereal with 

its various components, multifunctional properties and nutritional profile. Oat is not 

suitable for bread making since the lack of gluten, so it is often served as breakfast cereal, 

porridge, oat flakes, cookies made from rolled oats. The valuable nutritional components 

of oat include high level protein, unsaturated fatty acid, dietary fiber, antioxidative 

components for example vitamin E (tocopherols and tocotrienols), phenolic compounds 
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such as the oat-specific polyphenols avenanthramides, as well as phytic acids, sterols, and 

flavonoids(Sadiq Butt et al.,  2008; Andersson and  Hellstrand, 2012). 

Beta-glucan is the main soluble dietary fiber component in the endosperm cell 

walls of oat. It has been generally considered due to its contribution of the cholesterol 

lowering and glycemic control properties as well as other component of metabolic 

syndrome such as blood pressure, obesity and satiety improvement (Khoury et al., 2012). 

The mechanisms suggested to explain the glucose lowering effects of β-glucan include 

the ability delayed gastric emptying followed by formation viscous solutions in the small 

intestine and decreased enzyme diffusion, decreased  glucose transport to enterocytes,  

slowing subsequent digestion and absorption. Short-chain fatty acids from the anaerobic 

bacterial fermentation of β-glucan in the colon provided another possible explanatory 

mechanism for the effect of β-glucan on glucose homeostasis. However, the 

hypotriglycerides effect of β-glucan is still inconsistent and the mechanisms have not 

been fully determined (Khoury et al., 2012). Few mechanisms may contribute to the 

hypotriglycerides effect: possibly delayed absorption of triglycerides in the small 

intestine (Ebihara and Schneeman, 1989) as well as reduced absorption of the glucose 

(Liljeberg and Bj¨orck, 2000).  Inhibition of lipogenesis by soluble fiber such as extracted 

β-glucan is also been taken as a possible explanation for the hypotriglycerides effect in 

vitro study (Drozdowski et al., 2010). The increased cleaning of chylomicron particles 

and chylomicron particles remnants from oat bran offers another possibility for the 

hypotriglycerides effect of β-glucan (Cara et al., 1992).   

Besides the soluble fiber β-glucan in oat, other component such as oat-specific 

polyphenols avenanthramide extract was invested to reduce serum levels of total 

cholesterol, Low-density lipoprotein-cholesterol (LDL-c), triglycerides and increase 

HDL-c in humans (Liu et al., 2011). Oat is also a good source of insoluble fiber. In large 

cohort studies, the insoluble cereal fiber has been demonstrated to relate negatively to 

cardiovascular disease and diabetes, however, mechanisms linked to this component still 

show inconsistent effect on postprandial glycemia or lipidemia (David et al., 2000).  

Insoluble fiber was suggested to increase the rate of nutrients passage through the GI tract, 

then expected to reduce digestion and absorption of nutrients, increased insulin sensitivity 

http://www.ncbi.nlm.nih.gov/pubmed?term=Andersson%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=22764134
http://www.ncbi.nlm.nih.gov/pubmed?term=Hellstrand%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22764134


4 
 
by insoluble dietary fiber might be as another contributor to the effect on glycemic 

improvement ( Lattimer and Haub, 2010;  Weickert and Pfeiffer, 2008). 

The aim of the current study is to evaluate one serving of oat (35 g) in various 

concentrations (prepared with 169, 210 and 335 ml water) on postprandial plasma 

glucose and serum triglyceride levels with a high carbohydrate and high fat meal in 

healthy individuals.  

 

http://www.mdpi.com/search?authors=James+M.+Lattimer
http://www.mdpi.com/search?authors=Mark+D.+Haub
http://jn.nutrition.org/search?author1=Martin+O.+Weickert&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Andreas+F.+H.+Pfeiffer&sortspec=date&submit=Submit


CHAPTER II 

 BACKGROUND and LITERATURE REVIEW 

2.1 Metabolic syndrome  

The term metabolic syndrome has been refer to a series of complex disorder by 

intrinsically linked factors, it directly contribute to the risk of coronary heart disease, 

cardiovascular atherosclerotic disease as well as type 2 diabetes mellitus. According to 

the World Health Organization criteria (Alberti and Zimmet, 1998), metabolic syndrome 

is characterized by insulin resistance and any two of the following criteria: abdominal 

obesity, high triglycerides or/ and low high-density lipoprotein-cholesterol, high blood 

pressure, microalbuminuria and dysregulated glucose homeostasis. Diabetes Mellitus is 

generally to be described as the most common endocrine metabolic disorders while all 

forms of diabetes mellitus share the hyperglycemia with disturbances of carbohydrate, fat 

and protein metabolism results  from defection of insulin production or/and insulin action. 

Long term hyperglycemia from whatever type 1 or type 2 diabetes can lead to 

microvascular and macrovascular complications involve in retinopathy, nephropathy, 

neuropathy as well as the cardiovascular disease. (A.D.A., 2010)  The Third National 

Health Examination Survey 2004 reported the prevalence of Diabetes and Impaired 

Fasting Glucose in Thailand weighted to the national 2004 population is 6.7% and 12.5%, 

respectively (Wichai Aekplakorn et al., 2007).The mortality of cardiovascular disease 

and diabetes in noncommunicable diseases reported by World Health Organization in 

2008 has grown to 280 per 100,000 female and 343 per 100,000 male in Thai populations 

(W.H.O., 2011: Online).    

2.2 Postprandial hyperglycemia and lipidemia 

Postprandial state is the period that comprises and follows a meal. Duration of the 

postprandial state depends on the nature of meals. After consumption a meal consists 

mainly of carbohydrates, 2–3 hours need to return to the basal state while a mixed meal 

takes 3–5 hours; And after a fat-rich meal the return to the basal state may take as long as 

8–10 hours. (Heine et al., 2004; Aronoff et al., 2004) The postprandial state involves 

numerous regulated motor, secretory, hormonal and metabolic events (Heine et al., 2004; 

Aronoff et al., 2004; Jackson et al., 2011).  
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Hyperglycemia can lead to increased tissue glucose uptake and finally increase 

the risk of atherogenesis with endothelium dysfunction through several possible pathways, 

such as polyol and glucosamine pathway, increased nonenzymatic glycation products, 

glycation of certain protein, activation of diacylglycerol (DAG) and protein kinase C 

(PKC), decreased production of nitric oxide and increased oxidative stress (Gerich, 2003). 

Postprandial hyperlipidemia can induce inflammation and oxidative stress, 

coagulation and fibrinolysis, vascular function and reactivity by increasing vascular tone 

and result in reduction in vascular reactivity involve in smooth muscle relaxation and 

arterial dilation (Jackson et al., 2011).    

Postprandial hyperglycemia and hyperlipidemia can give rise to endothelium 

dysfunction, finally place the risk for atherogenesis (Heine et. al, 2004; Gerich, 2003). 

Postprandial lipaemia (postprandial triglycerides concentrations) also has risen as a 

clinically significant cardiovascular disease risk factor and it can be modulated by various 

lifestyle (Jackson et al., 2011).    

2.3 Whole grains and dietary fiber 

Nutrition intervention has been generally acknowledged as the primary preventive 

approach to reduce the risk factors for coronary atherosclerosis (National Cholesterol 

Education Program Expert Panel, 2002). The Therapeutic Lifestyle Changes Diet is a 

multifactorial lifestyle approach to reduce risk of coronary heart disease. Whole grains 

and cereal are recommended by National Cholesterol Education Program Expert Panel as 

one of the first accomplishment to increase complex carbohydrate and dietary fiber intake 

in variety of fiber-containing foods to achieve to metabolic control improvement in 

diabetes mellitus and cardiovascular disease. For healthy people, the grain intake based 

on the calories requirement should be 6 servings per day and at least 1/3 should be the 

whole grain in one day. Fourteen gram dietary fiber per 1000 kcal is recommended for 

healthy population to reach the adequate amount based on calorie intake, 38 g/d and 25 

g/d for men and women ages between 19 and 50 are recommended for total dietary fiber. 

(National Academy of Science and the Institutes of Medicine, 2002) The Adult Teraputic 

Program (ATP) III panel recommends that the therapeutic diet should be enriched by 

foods that provide total dietary fiber intake 20-30 g daily and even up to 50 g total dietary 
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fiber per day can be beneficial. (National Cholesterol Education Program Expert Panel, 

2002; Retelny, Neuendorf and Roth, 2008) However, the dietary fiber intake among Thai 

population is much lower than the recommended amount above- below 9 g/d represented 

by the Thai adults in central Thailand (Nattinee Jitnarin et al., 2008).  

2.4 Oat and its components 

Oat (Avena sativa) belongs to the Poaceae family is unique among the cereal with 

its various components, multifunctional properties and nutritional profile. Oat is not 

suitable for bread making since the lack of gluten, so it often served as breakfast cereal, 

porridge, oat flakes and cookies made from rolled oats. The valuable nutritional 

components include high level protein, unsaturated fatty acid, dietary fiber, antioxidative 

components for example vitamin E (tocopherols and tocotrienols), phenolic compounds 

such as the oat-specific polyphenols avenanthramides, as well as phytic acids, sterols, and 

flavonoids(Butt et al., 2008; Andersson and  Hellstrand, 2012). 

              2.4.1 Established mechanism of Oat β-glucan on glycemic and lipidemic 

control  

Oat β-glucan which is the main soluble dietary fiber component in the endosperm 

cell walls of oats has been generally considered due to its contribution of the cholesterol 

lowering and glycemic control properties as well as other component of metabolic 

syndrome such as blood pressure and obesity and satiety improvement (Khoury et al., 

2012).  

The potential mechanisms that oat β-glucan may lower blood cholesterol levels 

may also involve the viscous layer formation at the absorption surface in the small 

intestine which contribute to ameliorate intestinal and hepatic cholesterol and bile acid 

metabolism resulting in reduced circulation LDL-cholesterol level and hepatic cholesterol 

pool (Othman, Moghadasian and Jones, 2011).  The increased fermentable production of 

short chain fatty acid may inhibit the cholesterol synthesis independent of bile acid. 

Besides cholesterol, it also may interfere the absorption of dietary fat, protein and 

carbohydrate. 

The mechanisms suggested to explain the glucose lowering effects of β-glucan 

include the ability delayed gastric emptying followed by formation viscous solutions in 

http://www.ncbi.nlm.nih.gov/pubmed?term=Andersson%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=22764134
http://www.ncbi.nlm.nih.gov/pubmed?term=Hellstrand%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22764134
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the small intestine and decreased enzyme diffusion, decreased glucose transport to 

enterocytes, slowing subsequent digestion and absorption. Short-chain fatty acids from 

the anaerobic bacterial fermentation of β-glucan in the colon provided another possible 

explanatory mechanism for the effect of β-glucan on glucose homeostasis. (Khoury et al., 

2012).                  

However, the hypotriglycerides effect of β-glucan is still inconsistent and the 

mechanisms have not been fully determined (Khoury et al., 2012). Few mechanisms may 

contribute to the hypotriglycerides effect: possibly delayed absorption of triglycerides in 

the small intestine (Ebihara and Schneeman, 1989) as well as reduced absorption of the 

glucose (Liljeberg and Bj¨orck, 2000).  Inhibition of lipogenesis by soluble fiber such as 

extracted β-glucan is also been taken as a possible explanation for the hypotriglycerides 

effect in vitro study (Drozdowski et al., 2010). The increased cleaning of chylomicron 

particles and chylomicron particles remnants from oat bran offers another possibility for 

the hypotriglycerides effect of β-glucan (Cara et al., 1992).  

2.4.2 Established mechanism of other components in oat on glycemic and 

lipidemic control  

Besides the soluble fiber β-glucan in oat, other component such as oat-specific 

polyphenols avenanthramide extract was investigated to reduce serum levels of total 

cholesterol, LDL cholesterol, and triglycerides and increase HDL-c in humans (Liu et al., 

2011).  

Even oat is also a good source of insoluble fiber. In a large cohort study, it has 

been demonstrated to relate negatively to cardiovascular disease and diabetes; however, 

mechanisms linked to this component still show inconsistent effect on postprandial 

glycemia or lipidemia (David et al., 2000).  Insoluble fiber was suggested to increase the 

rate of nutrients passage through the gastrointestinal tract, then expected to reduce 

digestion and absorption of nutrients ( Lattimer and Haub, 2010). Other contributors, for 

example, improved insulin sensitivity and the modulation of inflammatory markers, as 

well as direct and indirect influences on the gut microbiota are associated with reduced 

diabetes risk ( Weickert and Pfeiffer, 2008).   

http://www.mdpi.com/search?authors=James+M.+Lattimer
http://www.mdpi.com/search?authors=Mark+D.+Haub
http://jn.nutrition.org/search?author1=Martin+O.+Weickert&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Andreas+F.+H.+Pfeiffer&sortspec=date&submit=Submit
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2.5 Experimental of oat on postprandial glycemia and lipemia 

2.5.1 Experimental of oat on postprandial glycemia and lipemia            
Previous studies have evaluated the effect of oat flake and oat powder on 

postprandial glycemia (Granfeldt, Nyberg and Bjo¨rck, 2000; Ulmius, Johansson and O¨ 

nning, 2009). Granfeldt et al. studied the degree of gelatinization and the product 

thickness of rolled oats for postprandial glycemic response in healthy subjects (5 men and 

5 women). Eight-two point six to ninety-four point eight gram raw or preheated (roasted 

or steamed) kernels thick (1.0 mm) and thin (0.5 mm) processed under conditions 

simulating commercial production rolled oats were made from roasted and steamed oat 

kernels were compared to 116.4 g white wheat bread. All test meals contain 50 g of 

starch, 12.0 g of protein and 6.8 g of fat also similar amount of 1621 KJ total energy. The 

thick oats illustrated lower peak postprandial glycemic values at 30-min values than the 

bread and the oat flakes processed under conditions simulating commercial processing 

while at 180 min, all oat products demonstrated higher glycemic responses than the white 

bread. All thin flakes were demonstrated with high glucose response with glycemic index 

(GI) 88–118 while it was not significantly different from white wheat bread (P› 0.05). 

Whereas all thick oat flakes showed significantly lower metabolic responses with GI, 70–

78 than the reference bread (P ‹ 0.05). However, in this study, the author did not mention 

the content of dietary fiber in the oats. Another experimental examined 62 g oat powder 

in spray dried oat drink as liquid matrix after heat treated with low amount soluble fiber 

(2.7 g) on postprandial glucose and triglycerides level compare to the rye bran, sugar beet 

fiber, mix group with three intervention above and control meal without fiber (Ulmius et 

al., 2009 ). All the test meals are in same amount of carbohydrate (75 g) adjusted and 7.9 

g lipids, but the protein content (5.4 and 10 g) and energy (1641 KJ to 1725 KJ) are 

varied between groups. The oat powder meal resulted in a slightly increased iAUC while 

the sugar beet fiber and rye bran meals showed a slightly reduced glucose iAUC 

compared to control group, while the mixed meal was more similar to control. The 

incremental peak glucose responses carried out by rye bran and sugar beet fiber meals are 

significantly lower compared to oat powder (31 and 28%, respectively). The oat powder 

influenced the mixed meal to diminish the glucose-lowering effects. The postprandial 
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incremental triglyceride concentrations only significant higher for oat powder and the 

mixed meal at 60 min compared to the control meal. The possibilities that oat powder did 

not show any elimination in postprandial glycemic and lipidimic response may due to the 

critically low amount soluble fiber (2.7 g) and insoluble fiber (3.3 g total fiber) in the oat 

powder group. Secondly, high level of carbohydrates in the liquid matrix of the oat 

powder group is another possibility that did not lower the postprandial glucose response. 

Present results for oat powder that tended to give a high postprandial triglyceride 

simultaneously with high insulin and glucose responses contrast with suggested 

mechanism that viscous dietary fiber in oat can decrease digestion and absorption of 

macronutrients then followed by lowered insulin secretion and slower clearance of 

glucose and triglycerides from blood, maybe due to the low fiber content as suggested by 

the authors.   

 Oat powder in 20- 50 μm is the smallest one compare to rye bran‹ 800 μm and 

sugar beet fiber‹ 125 μm. The smaller particle size of oat powder after heat treated may 

also be an explanation for the process sensitive by high temperature or extreme pH for 

soluble fiber in oat. As concluded by Granfeldt and collages, the dependent correlation 

between oat flake thickness or particle size on metabolic responses and food structure 

after process: less disrupted outer layer of the endosperm and/or the cell walls may 

induce slower digestion of thick flakes, lower glycemic response and with relative lower 

glycemic index (Granfeldt et al., 2000). The structure degrading of soluble fiber in oats 

could be related to the physiological activity after consumption. 

Three hundred gram sour milk with 50 g cereal bran flakes or oat flakes or the 50 

g corn flakes as a reference meal were served to twelve healthy subjects with normal 

body mass index (Hlebowicz et al., 2007). The postprandial incremantal blood glucose 

level was statistically significantly lower at 40 min (p= 0.045) and 120 min (p = 0.023) 

after the cereal bran flakes meal compared to the cornflakes reference meal and oat flakes 

test meal, respectively. There was no statistical significance between the areas under the 

curve (AUCs) of the cereals of blood glucose was found. It was emphasized that the 

whole meal oat flakes meal contained only 0.5 g β-glucan was too small to affect the 

blood glucose response. 
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2.5.2 Experimental of oat bran on postprandial glycemia and lipidemia  

Oat bran is the outer husk of the oat grain. It is also a good source of dietary fiber, 

in particular soluble fiber β-glucan. A number of studies have examined the relationship 

between oat bran intake and postprandial glycemic and lipedemic response.  

Cara et al. (1992) reported the trial on 6 males with normal lipid profile tested 

with a low-fiber test meal (2.8 g insoluble dietary fiber and 70 g fat and 756 mg 

cholesterol, 121.3 g carbohydrate ) enriched with 10 g total dietary fiber come from oat 

bran, rice bran, or wheat fiber or 4.2 g total dietary fiber as wheat germ. Postprandial 

glucose only gradually increased and reached peaked between 3 and 6 h after the 

ingestion of the control low-fiber test meal while the  maximum rise was observed after 

3.5 h. Adding oat bran fiber to the test meal induced not markedly increase in plasma 

glucose responses. Meanwhile, highly different individual responses were observed so 

the areas under the curve of postprandial glycemia did not significantly change, neither. 

The triglyceridemia nearly doubled 2 h after the ingestion of the control test meal. Oat 

bran addition significantly decreased (P‹ 0.05) the postprandial triglyceride rise occurring 

before the maximal value was reached 2.5 h after the meal intake. In this study a complex, 

mixed, solid-liquid test meal was designed include white bread, pasta, eggs, butter, 

yogurt, sunflower oil and tomato sauce.  Energy of the control meal consists of 12.7% 

protein, 37.9% carbohydrate and 49.4% fat. Since adding oat bran fiber supplied an 

additional 18 g carbohydrate mainly in the form of starch. This likely explains the 

tendency to slightly elevated glucose areas. 

Redard et al. (1990) found that high-fiber (15 g) meal for 6 males and low fiber 

(12 g) for 6 females consumed with a test meal (42% total calories as carbohydrate, 16% 

as protein, and 42% as fat). Results suggest postprandial glucose and triglycerides 

concentrations depend on both of the fiber supplementation and genders of the subjects: 

males showed significant (P‹ 0.05) glycemic elevations at 1, 2, and 3 h after the fiber-

supplemented meal from baseline while glycemic response for females was significantly 

higher than baseline values at 2 h after high-fiber test meals and 3 h after the low-fiber 

test meals. Postprandial triglyceridemia in male subjects was unaffected by fiber 

supplementation while in females, postprandial triglycerides was greater for the high 
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fiber supplementation meal than for the low-fiber meal. The unchangeable postprandial 

glucose concentration after either high fiber or low fiber meal was explained similar with 

Cara et al. (1991) may be contributed by the starch in the mixed meal not the simple 

sugar also unpredictable interactions among the physical properties, macronutrients, and 

non-nutrients of a meal suggested by the authors. However, interventions tested in this 

experimental in the combination of oat bran and guar gum, since the modification of the 

glycaemia and lipedemia between oat soluble fiber and guar gum is not identified to each 

other suggested by Braaten et al. (1991), so the mixed results from both oat bran and guar 

gum should be further identified. 

Fifteen subjects (8 men and 7 women) ingested meals contain 82 g oat bran meal 

(12.6 g dietary fiber and 5 g of soluble fiber ) or a control meal without dietary fiber 

(Ulmius et al., 2011). Both of the meals contain oat bran, black currant beverage with 

pulp, white bread and the 75 g available carbohydrate was balanced by dextrose power 

while lipid was balanced by rapeseed oil in the control meal. Postprandial glucose after 

oat bran meal consumption was slightly lower than the control meal. The postprandial 

triglycerides showed slightly but not significantly higher after the oat bran meal 

compared with the control meal. All the results demonstrated without gender difference. 

Even the dose of oat bran is high with seemed large amount of soluble fiber induced low 

postprandial blood glucose; however, the reduction is not significantly different 

compared with control group. Also the slightly increased blood triglycerides level is not 

consistent with the expected effect of oat bran. 

The inclusion of oat bran into the snack products with a 15% replacement to flour 

on postprandial glycaemia and in vitro digestibility were evaluated by Brennan et al. 

(2011). Twelve subjects were requested to intake a standard 25 g glucose drink also a 

recipe without added dietary fiber as control compared with the dietary fiber treatment. 

Oat bran inclusion reduced in vitro starch digestibility but not in vivo glycaemic response. 

In vivo postprandial blood glucose levels of the control and oat bran snacks were similar 

to the glucose drink at 20 min and 60 min time points. However, a shallower gradient 

induced by the oat bran treatment between 20 and 60 min while not observed in the other 

samples in the study. It was suggested that the oat bran may slow the overall digestion 
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rate of starch then modify the glucose release rate by observation which blood glucose 

concentration in the oat bran treatment did not fall back to the fasting blood glucose 

within the 2 h. Oat bran was incorporated into the snack products seems to extend the 

glycaemic response of individuals compared to the control snack, suggesting a possibility 

of prolonging glucose release.  Authors also suggested that in vivo results cannot 

correlate with the results of in vitro experimental concerned of glucose response.  

An effective dose dependence of extruded muesli product based on β-glucan-rich 

oat bran on postprandial glycaemia was found by Granfeldt and collages (Granfeldt et al., 

2008). Muesli with 3 g or 4 g of β-glucans served with yoghurt, white wheat bread, 

cheese and butter containing 50 g available carbohydrates were given to nineteen and 

thirteen healthy volunteers with normal body mass index, respectively. Results indicated 

that muesli with 3 g of β-glucans with a mixed bread meal did not induce significant 

differences in glycaemic response compared to the reference meal without muesli and β-

glucan, except for at one time point, 15 min, where the blood glucose level was 

significantly lower after the test meal with the oat bran flakes compared to the reference 

meal (P‹ 0.05). A reduction of the incremental area under curve (0–95 min) by 17.6% 

was detected compared to the reference meal, however, it did not reach the significant 

level. Muesli with 4 g of β-glucan significantly (P‹ 0.05) lowered the glucose responses 

during the first 70 min period compared to the reference breakfast based on high 

glycaemic index products. It was observed in the late postprandial period from 95 min to 

120 min, the glucose response after the reference meal fell faster compared with the 4 g 

β- glucan muesli treatment meal and at 95 min the glucose response was significantly 

higher after the 4 g β- glucan muesli test meal than the reference meal (P‹ 0.05). The area 

under the glucose curve after the 4 g β- glucan muesli test meal was significantly lower 

than after the reference meal (P‹ 0.05). One more gram of the β-glucan in the 4 g β-

glucan containing muesli induced a doubled reduction in postprandial area from 0–90 

min compared to the 3 g β-glucan containing muesli test meal (17.6 and 35.5%, 

respectively). Although a tendency was seen to lower responses with 3 g lower β-glucans 

level in the musli, a total of 4 g of β-glucans from oats seems to be a critical level for a 

significant decrease in glycemic responses in healthy people. It also confirms the results 
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found by Hlebowicz et al. ( 2008): 24.5 g muesli includes  4 g oat  β-glucan decreased  

the postprandial glucose response significantly compared to the cornflakes meal  (p = 

0.045) at 30 min time point but not 60 min could be possible owing to  a reduced 

glycemic load compared to the muesli with cornflakes group.  

In the analysis of effects of wheat and oat brans alone and as combination in 

semisolid food matrix on postprandial glycemic responses, Juvonen et al. (2011) 

identified semisolid meal enriched in 30 g oat bran decreased postprandial plasma 

glucose level. The isoenergetic and isovolumic (1250 kJ, 300 g) puddings with different 

insoluble and soluble dietary fiber content were tested with twenty healthy, normal-

weight subjects with crossover design. Plasma glucose (P = 0.001) response was reported 

in the lowest after the pudding with the greatest amount of β-glucan ( 10.6 g total dietary 

fiber, 5.5g insoluble fiber, 5.1 g β-glucan) compared with the combination group( 10.1 g 

total dietary fiber, 7.6 g insoluble fiber, 2.5 g β-glucan) wheat bran  group and pudding 

with no added fiber. However, when take consideration into the time points after  post-

hoc analysis, the glucose concentration after the oat bran pudding was non-significantly 

lower at 30 min and slightly higher at 180 min compare with wheat bran treatment (P = 

0.010) and the combination (P= 0.018) puddings.  No significant differences in the 

postprandial AUC for glucose among the meals were detected. The results in this study 

confirm findings of previous studies demonstrating that glucose lowering effects depend 

on the amount of soluble fiber β-glucan in the test meal: 2.5 g of β-glucan did not 

decrease postprandial glycaemia in the combination group with oat bran and wheat bran 

is consistent with the conclusion in the study of Granfeldt et al. (2008) that 4 g oat β-

glucan appears to be the minimum effective amount for a significant reduction in glucose 

responses. 

2.5.3 Experimental of concentrate oat β-glucan and related physicochemical 

property concentration on postprandial glycemia   

Several attempts have been made to investigate the effect of oat β-glucan 

concentrate on postprandial glycemia since the first experimental identified the purified 

oat gum lowed the postprandial blood glucose made by Braaten et al. (1991). In the study, 

Braaten and collages evaluated 14.5 g of oat gum consumed with 50 g glucose load were 
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reported significant lower plasma glucose between 20 and 60 mm (P‹ 0.01), mean AUC 

of plasma glucose decreased to 57.2%, compared to glucose load alone in nine healthy, 

fasting subjects. Even response of oat gum meal was nearly identical to guar gum meal, 

the oat gum showed more palatable than the latter intervention. Compared with the 

glucose drink (3.0 ± 0.3 mmol/L), peak above baseline was also lower after the oat gum 

(1.9 ± 0.3 mmol/L) (P‹ 0.0 1). 

The whole-meal rye bread fortified with oat β-glucan concentrate was explored as 

one of the interventions to evaluate factors can modify the postprandial glycemic 

response (Juntunen et al., 2002). Each product provided 50 g available carbohydrate in all 

of the treatments: whole-kernel rye bread, dark durum wheat pasta, and wheat bread 

made from white wheat flour, whole meal rye bread containing 5.4 g oat β-glucan, the 

results indicate that even the differences in glucose responses during the first postprandial 

90 min were not significant, glucose responses to β-glucan fortified rye bread at 

postprandial 120 min (P = 0.012) were greater than the response to white wheat bread. 

The author concluded the glucose response of oat β-glycan containing rye bread may 

come from the detected reduced average molecular weight prior to bake (› 1 000 000) and 

after bake(‹ 250 000) probably induced by endogenous β-glucanases of rye flour during 

baking. The starch hydrolysis rate of β-glucan fortified rye bread also was analyzed, it 

was not significantly different from that of white wheat bread, even with 5.4 g high 

content of soluble fiber in the rye bread. The author concluded that the different glycemic 

index of the starchy food may induce by the altered structure of those foods despite the 

diets are in identical nutrients compositions as well as type and amount of dietary fiber.  

The relationship between concentration and molecular weight of β-glucan and 

glycaemic response to an oral glucose load from established clinical studies was analyzed 

by Wood and collages (Wood, Beer and Butler, 1999). They revealed that significant 

relationship between changes in peak blood glucose and a combination of logarithm of 

the concentration and logarithm of Molecular weight of β-glucan: Δ G = 7.93 - 0.68 

log10(c) - 1.01 log10(Mw). The authors also emphasized that real foods will have various 

differences from the theoretical drink model induced glycaemic response and related 

logarithmically to concentration and molecular weight established. The factors may 
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interfere the effective correlation above in reality may come from following: unfixed 

liquid volume of intake as well as interactions and microstructure from other food not just 

in the glucose drink load may lower solubility or depolymerisation of the polysaccharides 

with reduced physiological effectiveness. Lastly, particulate matter in the gastrointestinal 

tract is not as simple as measurements of the treatments consumed in the experimental 

can remarkable modify the rheological behavior of soluble fiber. In 2009, Regand and 

collages verified the relationship exists between physicochemical properties of β-Glucan 

in differently processed oat foods and postprandial glycemic response (Regand et al., 

2009). Isocaleric crisp bread, granola, porridge, and pasta include 4 g of β-glucan and 

control products with low β-glucan content were induced to the in vitro as well as in vivo 

experimental. The source of β-glucan in oat bread and pasta was only Oatwell 22 which 

contains 22% β-glucan while oat granola and porridge were prepared with a mix of either 

whole oat flakes (containing 4.3% β-glucan) or oat bran (containing 7.4% β-glucan), in 

addition to Oatwell. The physicochemical properties of β-glucan include viscosity, peak 

molecular weight (Mp), and concentrations (C) were evaluated in vitro extract. Fasting 

and postprandial blood glucose concentrations were evaluated in human subjects. 

Porridge and granola were found with the highest efficacy in attenuating the peak blood 

glucose response (PBGR) owing to their high Mp and viscosity when compared to the 

wheat muffin as control group (p‹ 0.05). Pastas, known to have low glycemic responses, 

showed the lowest peak blood glucose response. Beta-Glucan depolymerization in bread 

and pasta reduced β-glucan bioactivity. The analyses of these products demonstrated that 

there was a significant inverse linear relationship between (Mp ×C) and mean PBGR. 73% 

of the bioactivity in decreasing peak blood glucose response can be explained by Mp × C 

when the wheat muffin control was used as a reference for five oat products above are 

compared to their own wheat controls. The authors also explain the when prepared the 

oat porridge, the ingredients were boiled at 100 ℃ and then simmered lasted for 5 min in 

wet heat. Short preparation times which resulted in high β-glucan Mp values. The 

glycosidic linkages of β-glucan appear to be stable during the heat treatment. Meanwhile, 

the authors suggested that β-glucan bioactivity should be considered with critical factors 

such as the effect of microstructure and/or starch digestibility. Gradient in the reduction 
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of glycemic response is correlated to the MW ×concentration of β-glucan. The intrinsic 

physicochemical properties of β-glucan include concentration mainly depend on the raw 

materials used and their processing history. 

Two studies demonstrate that 5.1 g of β-glucan as the oat bran beverage form had 

more effective postprandial effect on glucose than what was observed here after an equal 

amount of β-glucan in semisolid meal in (Juvonen et al., 2009; Juvonen et al., 2011 ) . 

This may indicate smaller differences in rheological property in the stomach and gut 

lumen after the semisolid test meals than after the liquid meals.  So, not only the 

importance of food structure, but also food matrix in postprandial metabolism should be 

emphasized. However, the concentration of β-glucan from the oat bran in the beverage 

treatments did not been further evaluated in this experimental and no control group was 

designed to evaluate how different physicochemical properties of β-glucan containing 

beverages to modify the postprandial glucemic and lipidemic responses.   

 



CHAPTER III 

 MATERIALS and METHODS 
3.1 Subjects 

Inclusion criteria for selecting the subjects were as follows: adult age between 18-

45 years old; BMI between 18.5-22.9 kg/ m²; fasting total cholesterol‹ 200mg/dl; fasting 

triglycerides‹ 150 mg/dl; no chronic disease. If any participant were in the following 

criteria, they were excluded from the study: fasting blood glucose › 100 mg/dL; chronic 

diseases includes metabolic disease, cardiovascular disease, liver or kidney disease; 

gastrointestinal disease; intake of any medication or dietary supplementation two weeks 

before the study; smoking and alcohol drinking. The study was approved by the office of 

Ethics Review Committee for Research Involving Human Research Subjects, Human 

Science Group, Chulalongkorn University (Appendix C). Every participant signed the 

informed consent before the study. 
The night before every test breakfast, subjects were requested to be fasting 8 to 10 

hours and allowed to drink only water. Participants were recommended to keep their 

physical activity and lifestyle unchanged throughout the study. 
3.2 Oatmeal preparation  

The Quick cooking oatmeal (The Quaker Oats Company, Made in Malaysia) were 

obtained from supermarket on one batch. One serving of oat (35 g) was prepared with 

three content of water (169 ml, 210 ml and 335 ml) to induce different concentration by 

cooking 4 minutes over 80℃ (Table 3.2). All the oatmeal was served with the container 

in the same size after cooking and with the same time intervals (7 minutes) prior to 

serving to each participant. 

3.3 High carbohydrate and high fat meal  

Three test meals: high carbohydrate and high fat breakfast and three different 

concentration of oatmeal 1 serving oat flakes 35 g and three amount of water (169 ml, 

210 ml and 335 ml) were served to the subjects in randomized fashion. High 

carbohydrate and high fat consists of one serving (two slice, 48 g) of white bread (Farm 

House company, Thailand), two servings (30 g) unsalted butter (Anchor, New Zealand), 

glucose solution made of 75 g glucose diluted with 125 ml drinking water, 100 ml UHT 

milk (Thai-Danish, Thailand) and 2 tablespoon (30 ml) of whipping cream (Anchor, New 
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Zealand), 25 ml drinking water (Figure 3.1). The nutritional information was shown in 

Table 3.1.  The interventional breakfast meals were randomly served. Each clinic visit 

will be separated by at least one week wash-out periods. 

 

Table 3.1 A high carbohydrate and high fat meal (HCHF) nutrition composition. 

Ingredients 
 
 
 
 

 
Nutrituion 
composition 

Glucose White bread 

 

(2 slices, 48 g ,   
1 s e r v i n g  ) 

Butter 

 

( 30 g, 2 
serving ) 

Milk 

 

(100 ml) 

Whipping 

Cream 

(30 g) 

Total 

weight 

( g ) 

Total 

energy 

( kcal ) 

CHO 75 g 22 g 0.18g 3.6 g 0.93 g 101.71 406.84 

Fat - 2.5g 24.8g 4 g 10.6 g 41.9 377.1 

Protein - 5 g 0.18 g 4 g 0.8g 9.98 39.92 

Total energy 823.86 kcal  

CHO: fat: 
protein 

 
49:46:5 

 

 

Table 3.2 The different concentration of oat 1 serving (35 g) prepared by various amount 

of water. 

Different amount of water ( mL) with 

oat 1 serving ( 35 g ) 

Concentration 

(g/ mL) 

169  0.207  

210 0.176  

335  0.104  

 



20 
 

 

Figure 3.1 Components of three test meals. Participants were induced hyperglycemia and 

hypertriglyceridemia by a high carbohydrate and high fat meal (HCHF) which composed 

of 101.7g carbohydrate (49% of total energy) and 41.9g fat (46 % of total energy). One 

serving oat (35 g) contains 139 kcal of energy with 23 g carbohydrate, 3 g fat and 5 g 

protein. 

3.4 Blood sample analysis 

In each clinic visit, venous blood samples were obtained by the intravenous 

catheter inserted into the forearm vein. The blood samples were obtained at fasting state 

before the intervention, then the postprandial blood was collected at 1 hour, 3 hour and 5 

hour after intervention assigned in each clinic visit. Blood sample were kept in blood 

sample collect tubes with Sodium Fluoride (EDTA, 3ml) and BD vacutainer with clotting 

activator to separate blood plasma and serum (6 ml) after centrifuge immediately at 3000 

rpm for 10 min at 20℃. All the plasma and serum were sent to the Health center of Allied 

Health Science Faculty, Chulalongkorn University.    

Venous blood glucose was analyzed by the automatic analyzer-Flexor 

(Netherlands). Blood glucose was determined after enzymatic oxidation in the presence 

of glucose oxidase. The hydrogen peroxide formed reacts, under catalysis of peroxidase, 
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with phenol and 4-aminophenazone to form a red –violet quinoneimine dye as indicator. 

Venous blood triglycerides were determined after enzymatic hydrolysis with lipases. The 

indicator is a quinoneimine formed from hydrogen-peroxide, 4-aminophenazone and 4-

chlorophenol under the catalytic influence of peroxidase. Blood total cholesterol was 

determined after enzymatic hydrolysis and oxidation. The indicator quinoneimine is 

formed from hydrogen peroxide and 4-aminoantipyrine in the presence of phenol and 

peroxidase. Direct HDL-c was determinated by the assay consists of 2 reaction steps 

which are elimination of chylomicron,  Very low-density lipoprotein-cholesterol (VLDL-

c) and LDL-c by cholesterol esterase, cholesterol oxidase and subsequently catalase then 

followed by measurement of   HDL-c after release of HDL-c by detergents. LDL-c was 

calculated by the Friedewald equation.  

3.5 Statistical analysis  

The characteristics of the subjects in screening and results in three visits were 

given as means ± Standard Error of the Mean (SEMs). Area Under Curve (AUC) and 

incremental Area Under Curve (iAUC) of blood glucose and triglyceride from 0 to 5 

hours was calculated by Trapetzoidal method. The effect of treatment for postprandial 

glucose and triglycerides, incremental (Δ) of postprandial glucose and triglycerides, AUC 

and iAUC of postprandial glucose and triglycerides were submitted to one way repeated 

ANOVA. Bonferroni test was used to control multiple comparisons to assess the 

difference between individual means. Statistical significance defined as p‹ 0.05 by SPSS 

version 17.0 (SPSS, Chicago, IL, USA). 

 



CHAPTER IV 

RESULTS 
Eleven healthy participants (10 female and 1 male) were included to the study 

after screening with normal fasting lipid profile and body mass index. Table 4.1 presents 

baseline characteristics of the 11 participants. Included participants were in average age 

21.03 years old with normal BMI 20.47 and normal serum total cholesterol 172.55 mg/ dL. 

 

Table 4.1 Baseline characteristics of 11 participants. 

 

Each clinic visit after 8-10 hours fasting, subjects were induced hyperglycemia 

and hypertriglyceridemia by high carbohydrate and high fat meal (HCHF). HCHF meal 

included two slice of white bread (48g ), two servings (30 g) unsalted butter, glucose 

solution made of 75 g glucose diluted with 125 ml drinking water, 100 ml UHT milk and 

2 tablespoon (30 ml) of whipping cream, 25 ml drinking water. Test meals were 1 serving 

size of oats boiled in different amount of water: 169, 210, 335 ml. 

The peaks of postprandial glucose were at 1 hour after all test meals as shown in 

figure 4.1 and Table 4.2.  Plasma glucose of oat 1 serving with 169, 210, 335 ml water 

and HCHF meal were 127.09, 140.82 and 133.27 mg/ dL, respectively. At hour 3, 

postprandial blood glucose for corresponding test meals were 95.00, 103.73 and 107.55 

mg/ dL. At hour 5, postprandial blood glucose for the three tested meals dropped to 78.00, 

74.73 and 78.18 mg/ dL (Table 4.2). Effect of ingestion of oatmeal in different 

concentration induced by distinctive amount of water (169, 210 and 335 ml) with HCHF 

meal on postprandial blood glucose analyzed by one way repeated ANOVA with non-

significant different: oat + 169 ml water vs. oat + 210 ml water p= 0.429; oat + 169 ml 

Characteristics Results  
(Mean ±SEM) 

Age ( year) 21.03 ±0.50 
BMI ( kg/ m²） 20.47 ±0.37 

Serum Total Cholesterol （mg/ dL) 172.55 ±3.66 

Serum HDL-c （mg/ dL) 51.18 ±2.00 

Serum LDL-c （mg/ dL) 110.55 ±3.59 

Serum Triglycerides （mg/ dL) 56.86 ±2.31 
Plasma glucose （mg/ dL) 83.45 ±0.86 



23 
 
water vs. oat + 335 ml water p= 0.436; oat + 210 ml water vs. oat + 335 ml water p= 

1.000 when compare between each group after adjusted by multiple comparison. 

 
Table 4.2 Effect of different concentration oatmeal with HCHF on postprandial plasma glucose 

level (mg/ dL).  

              Time point  
Test meal  

Fasting 
(Mean±SEM) 

Hour 1 
(Mean ±SEM) 

Hour 3 
(Mean ±SEM) 

Hour 5 
(Mean±SEM) 

Oat 35g + 169 ml water 
 + HCHF meal 

82.82 ±1.89 
 

127.09 ±11.22 95.00 ±5.15 78.00 ±2.32 

Oat 35g + 210 ml water 
 + HCHF meal 

83.00 ±1.33 140.82 ±12.22 103.73 ± 7.63 74.73 ± 2.63 

Oat 35g + 335 ml water  
+ HCHF meal 

84.55 ±1.26
  

133.27 ±12.72 107.55 ±11.95 78.18 ±3.19 

The peaks of postprandial glucose were at 1hr after all test meals. The plasma glucose of oat 1 

serving with 169, 210 and 335 ml water and HCHF meal were not significantly different with 

each other ( oat + 169 ml water vs. oat + 210 ml water p= 0.429; oat + 169 ml water vs. oat + 335 

ml water p= 0.436; oat + 210 ml water vs. oat + 335 ml water p= 1.000).  
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Figure 4.1 Effect of different concentration oatmeal with HCHF on postprandial plasma glucose 

level (mg/ dL). The peaks of postprandial glucose were at 1hr after all test meals. The plasma 

glucose of oat 1 serving with 169, 210 and 335 ml water and HCHF meal were not significantly 

different with each other (oat + 169 ml water vs. oat + 210 ml water p= 0.429; oat + 169 ml water 

vs. oat + 335 ml water p= 0.436; oat + 210 ml water vs. oat + 335 ml water p= 1.000) 
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Hypertriglyceridemia were induced by the 1 serving oat flakes with HCHF meal 

in 5 hours after consumption of three tests groups. Figure 4.2 and Table 4.3 compare the 

results induced by HCHF meal and oat 1 serving (35 g) with 169, 210 and 335 ml water 

on postprandial triglyceride levels. At Hour 1, postprandial triglyceride for oat 1 serving 

(35 g) with 169, 210 and 335 ml water plus HCHF meal were 60.27, 63.11and 62.89 mg / 

dL. At Hour 3, postprandial triglyceride after three tested meals intake were 70.55, 65.00, 

and 71.20 mg/ dL. At Hour 5, postprandial triglyceride for the corresponding meals 

gradual rose to 82.45, 80.00 and 81.40 mg/ dL (Table 4.3). After assessed by one way 

repeated ANOVA, no significant effect on postprandial triglycerides level was found 

between three tested meals after multiple comparisons: oat + 169 ml water vs. oat + 210 

ml water p= 0.285; oat + 169 ml water vs. oat + 335 ml water p= 0.840; oat + 210 ml 

water vs. oat + 335 ml water p= 1.000. 
 

  

Table 4.3 Effect of different concentration oatmeal with HCHF on postprandial serum 

triglycerides level (mg/ dL).  

 
          Time point  

 
Test meal 

 
Fasting 

(Mean ±SEM) 

 
Hour 1 

(Mean ±SEM) 

 
Hour 3 

(Mean ±SEM) 

 
Hour 5 

(Mean ±SEM) 

Oat 35g + 169 ml water 
 + HCHF meal 

59.27 ±4.60 
 

60.27 ±7.58
  

70.55 ±9.51
  

82.45 ±10.18
  

Oat 35g + 210 ml water 
 + HCHF meal 

56.78 ±2.80 
 

63.11 ±4.78
  

65.00 ±7.91
  

80.00 ±5.07 

Oat 35g + 335 ml water  
+ HCHF meal 

54.00 ±4.23 
 

62.89 ±6.25 71.20 ±10.77
  

81.40 ±6.14
  

The serum triglycerides of oat 1 serving with 169, 210, 335 ml water and HCHF were not 

significantly different after 5 hours of consumptions( oat + 169 ml water vs. oat + 210 ml water 

p= 0.285; oat + 169 ml water vs. oat + 335 ml water p= 0.840; oat + 210 ml water vs. oat + 335 

ml water p= 1.000). 
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Figure 4.2 Effect of different concentration oatmeal with HCHF on postprandial serum 

triglycerides level (mg/ dL). The serum triglycerides of oat 1 serving with 169, 210, 335 ml water 

and HCHF meal were not significantly different after 5 hours of consumptions ( oat + 169 ml 

water vs. oat + 210 ml water p= 0.285; oat + 169 ml water vs. oat + 335 ml water p= 0.840; oat + 

210 ml water vs. oat + 335 ml water p= 1.000). 

 

The Area Under curve(AUC) of blood glucose for 1 serving oat in 169, 210 and 

335 ml water with HCHF meal as provided in Table 4.4 from fasting to Hour 1 , Hour 3 

and Hour 5, respectively. AUC of blood glucose in 5 hour experimental time period are 

500.09, 535.09 mg/ dL and 535.73 for blood glucose present in Figure 4.3. The Area 

Under curve (AUC) of blood triglycerides for  1 serving oat in 169, 210 and 335 ml water 

with HCHF meal as provided in Table 4.5 from fasting to Hour 1 , Hour 5 and Hour 5, 

respectively. AUC of blood triglycerides in 5 hour experimental time period are 330.83, 

343.50 and 366.83 mg/ dL for blood triglyceride as shown in Figure 4.4. No significant 

effect on blood glucose (oat + 169 ml water vs. oat + 210 ml water p= 1.000; oat + 169 

ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 335 ml water p= 

1.000)  and triglycerides level (oat + 169 ml water vs. oat + 210 ml water p= 1.000; oat + 

169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 335 ml water 

p= 1.000) were found among the three test oat meals between each other after multiple 

comparisons in one way repeated ANOVA.  
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Table 4.4 Area Under curve (AUC) of blood glucose response of three test meals (mg/dL).  

 
    Time period 

 
 
Test meal 

 
Fasting to Hour 1 

 
(Mean ±SEM) 

 
Fasting to Hour 3 

 
(Mean ±SEM) 

 
Fasting to Hour 5 

 
(Mean ±SEM) 

Oat 35g + 169 ml water 
 + HCHF  

222.00±15.64 
 

172.91±4.36 500.09±23.81 

Oat 35g + 210 ml water 
 + HCHF  

244.55±19.02 
 

178.46±7.06 535.09±31.56 

Oat 35g + 335 ml water  
+ HCHF  

240.82±23.32 185.73±13.18 535.73±41.72 
 

AUC of blood glucose response of oat 1 serving with 169, 210 and 335 ml water and HCHF meal 

were not significantly different compare to each group. (oat + 169 ml water vs. oat + 210 ml 

water p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 

335 ml water p= 1.000) 

 

 

 
Figure 4.3 Area Under curve (AUC) of blood glucose response of three test meals in 5 hour 

experimental period (mg/ dL). AUC of blood glucose response of oat 1 serving with 169, 210 and 

335 ml water and HCHF meal were not significantly different compared to each group (oat + 169 

ml water vs. oat + 210 ml water p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; 

oat + 210 ml water vs. oat + 335 ml water p= 1.000). 
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Table 4.5 Area Under curve (AUC) of blood triglycerides response of three test meal (mg/ dL).  

 
    Time period 

 
 
Test meal 

 
Fasting to Hour 1 

 
(Mean ±SEM) 

 
Fasting to Hour 3 

 
(Mean ±SEM) 

 
Fasting to Hour 5 

 
(Mean ±SEM) 

Oat 35g + 169 ml water 
 + HCHF  

126.33±14.58 
 

145.00±16.02 330.83±33.87 

Oat 35g + 210 ml water 
 + HCHF  

130.67±17.54 
 

151.33±16.16 343.50±36.92 

Oat 35g + 335 ml water  
+ HCHF  

143.00±26.34 163.17±21.88 366.83±54.87 
 

 AUC of blood triglycerides response of  oat 1 serving with 169, 210 and 335 ml water and  

HCHF meal were not significantly different compare to each group  (oat + 169 ml water vs. oat + 

210 ml water p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water 

vs. oat + 335 ml water p= 1.000). 

 

 

 
Figure 4.4 Area Under curve (AUC) of blood triglycerides response of three test meals in 5 hour 

experimental period (mg/ dL). AUC of blood triglycerides response of  oat 1 serving with 169, 

210 and 335 ml water and  HCHF meal were not significantly different compare to each group  

(oat + 169 ml water vs. oat + 210 ml water p= 1.000; oat + 169 ml water vs. oat + 335 ml water 

p= 1.000; oat + 210 ml water vs. oat + 335 ml water p= 1.000). 
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The incremental glucose concentrations were demonstrated in Table 4.6 and 

Figure 4.5.  Incremental Plasma glucose of oat 1 serving with 169, 210, 335 ml water and 

HCHF meal in Hour 1 were 44.27, 57.82 and 48.73 mg/ dL, respectively. At hour 3, 

incremental blood glucose concentration for corresponding test meals were 12.18, 20.73, 

and 23.00 mg/ dL. At hour 5, incremental blood glucose concentration for the tested 

meals decreased to -4.82, -8.27 and -6.36 mg/ dL (Table 4.6; Figure 4.5). Effect of 

ingestion of oatmeal in different concentration induced by distinctive amount of water 

(169, 210 and 335 ml) with high carbohydrate and high fat meal on incremental blood 

glucose concentration analyzed by one way repeated ANOVA, no significant difference 

was detected after adjusted for multiple comparison: oat + 169 ml water vs. oat + 210 ml 

water p= 0.479; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water 

vs. oat + 335 ml water p= 1.000. 

 
Table 4.6 Effect of different concentration oatmeal with HCHF on incremental plasma glucose 

concentrations (mg/ dL).  

            Time point  
 
Test meal  

 
Hour 1 

 (Mean ±SEM)  

 
Hour 3 

(Mean ±SEM) 

 
Hour 5 

(Mean ±SEM)  
Oat 35g + 169 ml water  

+ HCHF meal  
44.27±12.46 12.18±6.44 -4.82±2.09 

Oat 35g + 210 ml water 
+ HCHF meal   

57.82±12.29 20.73±7.58 -8.27±3.09 

Oat 35g + 335 ml water  
+ HCHF  meal 

48.73±13.09   23.00±11.90 -6.36±2.67 
 

The incremental plasma glucose concentration of oat 1 serving with 169, 210 and 335 ml water 

and HCHF meal were not significantly different with each other. (oat + 169 ml water vs. oat + 

210 ml water p= 0.479; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water 

vs. oat + 335 ml water p= 1.000). 
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Figure 4.5 Effect of different concentration oatmeal with HCHF on incremental plasma glucose 

concentration (mg/ dL). The incremental plasma glucose concentration of oat 1 serving with 169, 

210 and 335 ml water and HCHF meal were not significantly different with each other. (oat + 169 

ml water vs. oat + 210 ml water p= 0.479; oat + 169 ml water vs. oat + 335 ml water p= 1.000; 

oat + 210 ml water vs. oat + 335 ml water p= 1.000). 

 

Figure 4.6 and Table 4.7 compare the incremental triglyceride concentration 

induced by high carbohydrate and high fat meal with oat 1 serving (35 g) in 169, 210 and 

335 ml water. At Hour 1, incremental triglyceride for HCHF meal plus oat 1 serving (35 

g) with 169, 210 and 335 ml water were 1.00, 6.33 and 9.50 mg / dL. At Hour 3, 

incremental triglyceride concentration after three tested meals intake were 11.27, 8.22 

and 19.33 mg/ dL. At Hour 5, incremental triglyceride concentrations for the 

corresponding meals grow to 23.18, 23.22 and 31.00 mg/ dL (Table 4.7; Figure 4.6). 

After assessed by one way repeated ANOVA, no significant effect on postprandial 

incremental triglycerides concentration was detected among the three tested meals after 

multiple comparisons by Bonferroni test: oat + 169 ml water vs. oat + 210 ml water 

p=1.000; oat + 169 ml water vs. oat + 335 ml water p= 0.716; oat + 210 ml water vs. oat 

+ 335 ml water p= 0.089.  
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Table 4.7 Effect of different concentration oatmeal with HCHF on incremental serum 

triglycerides concentration (mg/ dL). 

          Time point  
 
Test meal  

 
Hour 1 

 (Mean ±SEM)  

 
Hour 3 

(Mean ±SEM) 

 
Hour 5 

(Mean ±SEM)  
Oat 35g + 169 ml water  

+ HCHF meal  
1.00±5.35 11.27±6.79 23.18±8.16 

Oat 35g + 210 ml water 
+ HCHF meal  

6.33±4.52 8.22±7.66 23.22±5.73 

Oat 35g + 335 ml water 
 + HCHF meal  

9.50±3.59 19.33±8.67 31.00±6.07 
 

 incremental serum triglycerides concentration (mg/ dL) for oat 1 serving with 169, 210, 335 ml 

water and HCHF meal were not significantly different after 5 hours of consumption (oat + 169 ml 

water vs. oat + 210 ml water p=1.000; oat + 169 ml water vs. oat + 335 ml water p= 0.716; oat + 

210 ml water vs. oat + 335 ml water p= 0.089) 
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Figure 4.6 Effect of different concentration oatmeal with HCHF on incremental serum 

triglycerides concentration (mg/ dL). incremental serum triglycerides concentration (mg/ dL) for 

oat 1 serving with 169, 210, 335 ml water and HCHF meal were not significantly different after 5 

hours of consumption (oat + 169 ml water vs. oat + 210 ml water p=1.000; oat + 169 ml water vs. 

oat + 335 ml water p= 0.716; oat + 210 ml water vs. oat + 335 ml water p= 0.089). 
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The incremental Area Under curve (iAUC) of blood glucose of 1 serving oat in 

169, 210 and 335 ml water and  HCHF meal as provided in Table 4.8 from fasting to 

Hour 1 , Hour 3 and Hour 5, respectively. iAUC of blood glucose in 5 hour experimental 

time period are 86.00, 120.09 mg/ dL and 112.91 for blood glucose  present in Figure 4.7. 

The iAUC of blood triglycerides for 1 serving oat in 169, 210 and 335 ml water with 

HCHF meal as provided in Table 4.9 from fasting to Hour 1, Hour 3 and Hour 5, 

respectively. iAUC of blood triglycerides in 5 hour experimental time period are 47.50, 

48.33 and 85.83 mg/ dL for blood triglyceride as shown in Figure 4.8. No significant 

effect on blood glucose and triglycerides level were found among the three test oat meals 

between each other after multiple comparisons by Bonferroni test.  

 
Table 4.8 Incremental Area Under curve (iAUC) of blood glucose response of three test meals 

(mg/dL). 

            
                 Time period 

 
Test meal 

 
Fasting to Hour 1 

 
(Mean±SEM) 

 
Fasting to Hour 3 

 
(Mean±SEM) 

 
Fasting to Hour 5 
 
(Mean ±SEM) 

Oat 35g + 169 ml water 
+ HCHF 

22.36± 6.24 
 

78.82± 24.40 86.00± 30.41 

Oat 35g + 210 ml water 
+ HCHF 

29.09± 6.17 107.64± 25.12 120.09± 31.80 

Oat 35g + 335 ml water 
+ HCHF 

24.55± 6.56 96.27± 29.98 112.91± 42.24 

iAUC of blood glucose response of oat 1 serving with 169, 210 and 335 ml water and HCHF 

meal were not significantly different compare to each group. (oat + 169 ml water vs. oat + 210 ml 

water p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 

335 ml water p= 1.000). 
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Figure 4.7 Incremental Area Under curve (iAUC) of blood glucose response of three test meals in 

5 hour experimental period (mg/ dL). iAUC of blood glucose response of three test meal were 

not significantly different compared to each group  (oat + 169 ml water vs. oat + 210 ml water p= 

1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 335 ml 

water p= 1.000). 

 
Table 4.9 Incremental Area Under curve (iAUC) of blood triglycerides response of three test 

meal (mg/ dL). 

 
    Time period 

 
 
Test meal 

 
Fasting to Hour 1 

 
(Mean ±SEM) 

 
Fasting to Hour 3 

 
(Mean ±SEM) 

 
Fasting to Hour 5 

 
(Mean ±SEM) 

Oat 35g + 169 ml water 
 + HCHF  

2.83± 3.34 
 

15.67± 16.74 47.50± 32.81 

Oat 35g + 210 ml water 
 + HCHF  

2.17± 3.49 14.83± 20.05 48.33± 36.08 

Oat 35g + 335 ml water  
+ HCHF  

4.50± 1.86 35.17± 17.83 85.83± 31.57 

 iAUC of blood glucose response of oat 1 serving in 169, 210 and 335 ml water with HCHF meal 

were not significantly different compare to each group. (oat + 169 ml water vs. oat + 210 ml 

water p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 1.000; oat + 210 ml water vs. oat + 

335 ml water p= 1.000)  from fasting to H1 and H5. (oat + 169 ml water vs. oat + 210 ml water 

p= 1.000; oat + 169 ml water vs. oat + 335 ml water p= 0.906; oat + 210 ml water vs. oat + 335 

ml water p= 1.000)  from fasting to H3.  
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Figure 4.8 Incremental Area Under curve (iAUC) of blood triglycerides response of three test 

meals in 5 hour experimental period (mg/ dL). iAUC of blood triglycerides response of oat 1 

serving with 169, 210 and 335 ml water and HCHF meal were not significantly different compare 

to each group (oat + 169 ml water vs. oat + 210 ml water p= 1.000; oat + 169 ml water vs. oat + 

335 ml water p= 1.000; oat + 210 ml water vs. oat + 335 ml water p= 1.000) . 

 

 

The individually incremental level from fasting to Hour 1, Hour 3 and Hour 5 and 

percentage difference (% Difference) when compare the incremental level in Hour 1, 

Hour 3, Hour 5 to fasting for plasma glucose and serum triglycerides concentration of oat 

1 serving with 169, 210 and 335 ml water and HCHF meal were shown in Appendix A 

and Appendix B, respectively. 

The time duration (minutes) of each participant consumed the three test groups 

were presented in Table 4.10.  
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Table 4.10 Time duration (minutes) of each participant consumed the three test groups. 

          Test meal  

 

Subject  

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

Oat 35g 
+ HCHF 

+ 335 ml H₂0 

Subject No.1 50 60 44 

Subject No.2 36 45 45 

Subject No.3 20 27 20 

Subject No.4 20 20 35 

Subject No.5 20 20 37 

Subject No.6 40 35 55 

Subject No.7 20 15 25 

Subject No.8 30 27 48 

Subject No.9 20 20 38 

Subject No.10 35 27 35 

Subject No.11 40 43 25 

 



CHAPTER V 

DISCUSSION 

A potent anti-hypercholesterolemic effect of β-glucan has been found in oat 

(Avena sativa). However, the effect of oat flakes on plasma glucose and serum 

triglycerides is not yet well established. The purpose of the current study was to evaluate 

the effect of 1 serving of oat flakes (35 g) in different concentration (prepared with 169, 

210 and 335 ml water) with high carbohydrate, high fat meal on postprandial plasma 

glucose and serum triglyceride levels in healthy individuals.  

Results of this study indicate that different concentrations of oat flakes with high 

carbohydrate and high fat meal did not induce significant effect on postprandial plasma 

glucose and serum triglycerides levels of the 11 healthy participants.   

There are several possible explanations for the results. These insignificant 

modification on postprandial plasma glucose and serum triglycerides level with 1 serving 

oat (35 g) induced by 169, 210 and 335 ml water in the intervention meals may be the 

lack of adequate dietary fiber. One serving oat contains 3 g of dietary fiber in the oat 

flakes of our study. Juvonen et al. (2011) identified plasma glucose response in the lowest 

level after the isoenergetic and isovolumic pudding with the greatest amount dietary fiber 

from oat source (10.6 g total dietary fiber) compared with the combination group ( 10.1 g 

total dietary fiber) with wheat bran, wheat bran  group and pudding with no added fiber. 

The results in this study confirmed that glucose lowering effect depend on the amount of 

oat source of dietary fiber in the test meal.  

The serum triglycerides level of oat 1 serving oats were not significantly different 

after 5 hours of consumptions. Earlier finding suggested a low-fiber control meal 

contains 2.8 g insoluble dietary fiber, 70 g fat and 756 mg cholesterol, 121.3 g 

carbohydrate enriched with 10 g total oat source dietary fiber significantly decreased the 

postprandial triglyceride rise occurring before the maximal value (Cara et al., 1992). 

However, in our present study, the amount of total dietary fiber is 3 g in the 1 serving (35 

g) oat flakes in the three test meals, this critical factor may be one reason to explain the 

insignificant amelioration of oatmeal on postprandial hyperglycemia and 

hypertriglyceridemia.  
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The oat flakes in the present study is the commercial Quick cooking oatmeal, 

some studies (Granfeldt et al., 2000; Ulmius et al., 2009) have speculated that 

postprandial glycemic response is related to the size of oat flakes. Thin flakes processed 

under conditions imitating commercial processing was demonstrated with high glucose 

response with glycemic index (GI) 88–118 while it was not significantly different from 

white wheat bread; whereas all thick oat flakes showed significantly lower metabolic 

responses with GI 70–78 than the reference bread (Granfeldt et al., 2000). Oat powder in 

spray dried oat drink as liquid matrix after heat treated with low amount total dietary 

fiber (3.3g) and slightly increased postprandial glucose iAUC compared to control group 

with same amount of available carbohydrate (75 g) and influenced the effects of the 

mixed meal, diminishing the glucose-lowering effects while postprandial incremental 

triglyceride concentrations was only significant higher for oat powder compared to 

control meal. It can therefore assume that the dependent correlation between oat  flake 

thickness on metabolic responses and food structure after process: less disrupted oat outer 

layer of  the cell walls may induce slower digestion of oat thick flakes, lower glycemic 

response and with relative lower glycemic index.  

The hypoglycemia and hypo-triglycerides effect has been found in previous 

studies with equal or similar carbohydrate available in the oat containing test meals. It 

was reported by Granfeldt et al. (2002) in an experimental to determine the postprandial 

glycemic response with different degree improvement  induced by test meals consisted of 

the oat flake products (82.6 –94.8 g ) in distinctive flakes thickness compared to  the 

reference bread  meal (116.4 g ). All meals providing 50 g of starch, 12.0 g of protein 

based on similar energy. In another experimental, four groups isoenergetic and 

isovolumic pudding were intervened by Juvonen et al. (2011): oat fiber group, oat fiber 

combined with wheat bran group, wheat bran group or no fiber added group. The four 

test groups contained similar amount of carbohydrate vary from 52.9 g to 56.8 g. The 

results in this study showed that overall plasma glucose concentration was in the lowest 

level after the oat source fiber containing group compares combining groups with less oat 

fiber added or group without oat fiber. In the present study, the available carbohydrate in 

the three oat containing test meals is 124.71 g which includes 23 g (3 g dietary fiber, 20 g 
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starch) from 1 serving oat flakes. The possible explanation for the barely insignificant 

effect on postprandial plasma glucose and serum triglycerides concentration in the three 

oat flakes containing test meal should be further evaluated.  

The different concentration of oat 1 serving (35 g) prepared by various amount of 

water was shown in Table 3.2. The medium amount of water (210ml) in the current study 

is recommended as the standard to prepare the oatmeal from the intervention commercial 

oat flake. In our preliminary study, except the standard water (210 ml) group, the oatmeal 

prepared by 169 ml and 335 ml water and 1 serving of oat flakes were in the most degree 

that can be accepted and palatable feed backed by the subjects. It was suggested that the 

concentration of the soluble fiber β-glucan in oat is one of the factors to modulate the 

glycemic and lipidemic control (Khoury et al., 2012). The amount of soluble fiber ranges 

from 2.3% to 8.5 % in oat groat (Butt et al., 2008). Even the different concentration of oat 

were induced by various amount of water in our study, however, it limited by the 

unknown amount and concentration of soluble fiber that we did not evaluate, future trails 

should assess insight of the dietary fiber also the related concentration of soluble fiber.  

The constitution of high carbohydrate high fat meal in the three test meal was 

presented in Table 3.1. Forty nine percent of energy (823.68 kcal) came from the 101.71 

carbohydrate, 46% of the energy contributed by the 41.9 g fat. This high carbohydrate 

and high fat characteristic in one meal was similar with the HCHF meal in a previous 

study (Ghanim et al., 2009) which contained 88g carbohydrate( 41% of total energy ) and 

51 g fat ( 41% of total energy ) from 910 kcal total energy compared to the intervention 

meal in their study riches in fruit and fiber from oatmeal. However, after add 139 kcal of 

energy from 1 serving oat (35 g) (contains 23 g carbohydrate, 3 g fat and 5 g protein) to 

the HCHF meal in our present study, total energy the participants consumed was 962.86 

kcal, this energy content might be not proportionate enough as the breakfast for the 

young and healthy participants consumed in the current study. 

The three intervention groups in current study were composed by HCHF meal, oat 

1 serving with different amount of water to induce distinctive concentration of oatmeal. 

The three test groups were in the same nutrient profiles in energy, carbohydrate, protein, 

fat as well as dietary fiber. One source of weakness in this study which could affected the 
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observation was that the lack of control meal which should almost exactly in the same 

nutrient profile except the dietary fiber content from oat in the study design to interpret 

the results. 

The glucose levels are likely to drop gradually in all three test meal in Hour 3, 

therefore the time interval of the blood collection in the first 2 hours in the present study 

might be relatively infrequent to be observed any marginally significant difference 

between the three groups.  

The postprandial triglycerides concentration were still in the sharp rising trend in 

Hour 5 as observed in postprandial triglycerides level (Table 4.3; Figure 4.2) and 

incremental triglycerides concentration (Table 4.7; Figure 4.6), especially for the group 

with oat in 335 ml of water and  HCHF meal which was in the highest incremental 

triglycerides concentration in Hour 5. Thereby the time points for blood collection might 

be necessary to last longer than 5 hours to warrant the improvement of high fiber oat 

flakes on postprandial triglycerides level with HCHF meal. 

Some authors suggested that healthy characteristics of the participants can 

contribute to the insignificant effect of intervention on glucose response (Hallfrisch and 

Behall, 2000). It was speculated the glycemic lowering effects are less significant if 

subjects are young, fit and have normal glucose responses whereas effects on glycemic 

improvement are more likely to be observed in subjects whom are hypercholesterolemic, 

older, less slim and in noninsulin-dependent diabetes mellitus (NIDDM). The subjects in 

the present study are young participants with normal BMI, fasting lipid profile and blood 

glucose level, these healthy characteristics of the participants may be a contributor to the 

null hypothesis in the current study. 
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CHAPTER VI 

SUMMARY and SUGGESTION  
This current study was designed to evaluate 1 serving oat flakes (35 g) in various 

concentrations (prepared with 169, 210 and 335 ml water) on postprandial plasma 

glucose and serum triglycerides level induced hyperglycemia and hypertriglyceridemia 

by a high carbohydrate and high fat meal in healthy individuals. The following 

conclusion can be drawn from the present study: 1 serving (35 g) oatmeal in various 

concentration prepared by 3 amount of water did not induce significant effect on 

postprandial hyperglycemia and hypertriglyceridemia which induced by a high 

carbohydrate and high fat meal in all healthy subjects. The current research was limited 

by the low dose of dietary fiber in the intervention meals, various duration participants 

consumed the test meal, lack of control meal. It was not specifically designed to evaluate 

the size of the oat flakes which should be followed insight for future research. In addition, 

more frequent time intervals and longer experimental period for the blood sample 

collection are needed to warrant the results. 
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Appendix A  
Individually difference and % difference of plasma glucose (mg/ dL) between fasting 

(H0) and Hour 1, Hour 3, Hour 5 with three test meal. 
Subject  Test meal  Difference 

(H1to H0) 

% 

Difference 

Difference 

(H3to H0) 

% 

Difference 

Difference 

(H5to H0) 

% 

Difference 

 

Subject 

No.1 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

9 10.47 % -6 -6.98 % -7 -8.14 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

42 49.41 % 50 58.82 % -19 -22.35 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

43 51.81 % 3 3.61 % -4 -4.82 % 

Subject 

No.2 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

46 58.23 % 14 17.72 % 9 11.39% 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

119 150.63 % 55 69.62 % 2 2.53 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

51 62.96 % 14 17.28 % -19 -23.46 % 

Subject 

No.3 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

42 54.55 % 24 31.17% 4 5.19 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

40 47.62 % 11 13.10 % -20 -23.81 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

26 31.70 % -3 -3.66 % -23 -28.05 % 

Subject 

No.4 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

54 66.67 % 16 19.75 % -3 -3.70 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

85 98.84 % 17 19.77 % -6 -6.98 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

24 27.27 % 25 28.41 % -6 -6.82 % 

Subject 

No.5 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

44 55.00 % 1 1.25 % -5 -6.25 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

59 78.67 % 12 16.00 % 5 6.67 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

104 128.40 % 14 17.28 % 9 11.11 % 
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Subject 

No.6 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

11 12.64 % -4 -4.60 % -13 -14.94 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

48 53.33 % 11 12.22 % -4 4.44 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

19 21.84 % 17 19.54 % -6 -6.90 % 

Subject 

No.7 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

9 10.71 % 23 27.38 % -8 -9.52% 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

-10 -12.05 % -17 -20.48 % -1 -1.20 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

-5 -5.10 % 4 4.49 % -10 -11.24 % 

Subject 

No.8 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

127 178.87 % 52 73.24 % -5 -7.04 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

98 125.64 % 45 57.69 % -5 -6.41 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

81 106.58 % 58 76.32 % -8 - 10.53 % 

Subject 

No.9 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

101 118.82 % 36 42.35 % -14 -16.47 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

110 125.00 % 50 56.82 % -26 -29.55 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

142 161.36 % 129 146.59 % 1 1.14 % 

Subject 

No.10 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

56 65.12 % 7 8.14 % -10 -11.63 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

27 32.93 % -1 -1.22 % -16 19.51 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

30 34.09 % -2 -2.27 % -2 -2.27 % 

Subject 

No.11 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-12 -12.63 % -19 - 20 % -1 -1.05 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

18 21.69 % -5 -6.02 % -1 -1.20 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

21 24.14 % -6 -6.90 % -2 - 2.30 % 
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Appendix B 
Individually difference and % difference of serum triglycerides (mg/ dL) between fasting 

(H0) and Hour 1, Hour 3, Hour 5 with three test meal. 
Subject Test meal Difference 

(H1to H0) 

% 

Difference 

Difference 

(H3to H0) 

% 

Difference 

Difference 

(H5to H0) 

% 

Difference 

 

Subject 

No.1 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-6 -9.23 % 3 4.62 % 10 15.38 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

- - - - - - 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

0 0 % 12 22.64 % 13 24.53 % 

Subject 

No.2 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

1 1.64 % 2 3.28 % 23 37.70 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

-6 -9.68 % 23 37.10 % -6 -9.68 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

5 7.58 % -8 -12.12 % 4 6.06 % 

Subject 

No.3 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

4 4.88 % -5 -6.10 % -5 -6.10 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

9 15.00 % -11 -18.33 % 5 8.33 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

12 16.67 % 46 63.89 % 23 31.94 % 

Subject 

No.4 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-24 -38.71 % -2 -3.23 % -6 -9.68 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

-11 -18.97 % -7 -12.07 % 23 39.66 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

0 0 % 18 42.86 % 29 69.05 % 

Subject 

No.5 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-22 -41.51 % 12 22.64 % 22 41.51 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

11 21.15 % 34 65.38 % 31 59.62 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

- - 19 38.00 % 63 126.00 % 

Subject 

No.6 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-20 -39.22 % 19 37.25 % 10 19.61 % 
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Oat 35g  
 + HCHF  

+ 210 ml H₂0  

-6 -11.76 % -1 -1.96 % 30 58.82 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

11 25.00 % -3 -6.82% 53 120.45 % 

Subject 

No.7 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

21 53.85 % 13 33.33 % 16 41.03 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

-1 -1.41 % 6 8.45 % 20 28.17 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

- - - - - - 

Subject 

No.8 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

13 24.07 % 25 46.30 % 57 105.56 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

9 20.00 % 3 6.67 % 21 46.67 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

0 0 % 4 9.76 % 35 85.37 % 

Subject 

No.9 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

19 38.78 % 30 61.22 % 55 112.24 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

26 54.17 % 25 52.08 % 55 114.58 % 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

24 52.17 % 11 23.91 % 30 65.22 % 

Subject 

No.10 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

-1 -2.17 % 0 0 % -1 -2.17 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

- - - - - - 

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

- - - - - - 

Subject 

No.11 

Oat 35g  
+ HCHF  

+ 169 ml H₂0 

26 28.89 % 65 72.22 % 74 82.22 % 

Oat 35g  
 + HCHF  

+ 210 ml H₂0  

26 40.63 % 48 75.00 % 30 46.88  

Oat 35g  
 + HCHF  

+ 335 ml H₂0 

24 33.33 % 75 104.17 % 29 40.28 % 

-: Excluded data with abnormal triglycerides. 
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Appendix C 

Approval ethic review of the current experimental. 
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