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The present study was designed to evaluate the effect of supplementation of
Ispaghula husk (Fybogel®) on body weight, fasting plasma glucose(FPG), glycosylated
hemoglobin (HbA;;) and serum lipid levels. The study was a 24-week, randomized,
double-blind, placebo-controlled, parallel design in 35 obese NIDDM patients with mild
to moderate hypercholesterolemia. They were instructed to maintain 1,000 kcal/day diet
only for 8 wks followed by 16 wks of treatment with 1 sachet of Fybogel® (3.5 g of
Ispaghula) in 150 ml of water or placebo before 3 mealtimes according to the
randomization.

The result showed no statistically differences in all parameters during diet-only phase
in both groups. No significant reduction on BW, FPG, HbA ., and serum lipid levels was
observed with placebo treatment. During treatment with Fybogel®, reduction of BW was
observed and significant differences from wk8 (p<.05) were seen at wk20 (-0.88+1.55 kg)
and wk24 (-1.28+£1.96 kg). Reductions of FPG and HbA;. by 16.1% and 10.12%
respectively (p<.05 and .01) were found at wk24. Cholesterol lowering was seen in the
moderate to high hypercholesterolemic subjects by 14.2%. In comparison to placebo,
Fybogel® treatment reduced significantly in the BW at wk20 and wk24 (p<.05), FPG at
wk16 (P<.05)and wk24 (P<.01), TC at wk16 (P<.05), HbA;. and LDL-C levels at wk24.
Fybogel® did not affect serum levels of HDL-C and triglycerides. Vitamin and mineral
status were maintained throughout Fybogel® treatment period.

The results demonstrate that Ispaghula husk (Fybogel®) 3.5 g before 3 meal-times
helps to control the body weight, improve the long-term glycemic control and lower total

cholesterol levels without adverse effect on vitamin and mineral status.
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CHAPTER1

INTRODUCTION

Problem, Statement and the Importance of Dietary Fiber

The prevalence of nutritional disorders such as coronary heart disease, diabetes,
hyperlipidemia and obesity are commonly occured in industnal part of the world (1).
As new technologies that segregated the rapidly digestible fractions of the food supply
from the nondigestible fractions of the foods arise, the populations having such
technologies available rapidly change their eating habits and consume only the
digestible fractions (2). The lifestyle of Thai people nowadays inclines to accept of
food consumptive western culture. This converting consumption pattern results in the
commencement of various nutritional problems.

One of the most pronounced changes in dietary habit is the reduced intake of
dietary fiber (3). Over the past 20 years dietary fiber has emerged as a leading dietary
factor in the prevention and treatment of chronic diseases. High fiber intakes are
associated with lower serum cholesterol concentrations (4), lower risk of coronary
heart disease (5), reduced blood pressure (6), improved gastrointestinal function (7),
reduced risks of certain forms of cancer (8), enhanced weight control (9), better
glycemic control and lower risks of diabetes mellitus (10).

An epidemiological study of National Health and Nutrition Examination Survey
(NHANES) i mortality of U.S. adults population with and without diabetes between

1971-1993 confirmed substantially higher risk of death, lower survival and lower life
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expectancy of diabetes adults compared with nondiabetes adults (11). In the past,
management of diabetes focused primarily on control of blood glucose. Today, it has
been accepted that control of lipids levels is also vitally important (12). Death caused
by heart disease occurs 2-3 times more often among persons with diabetes than among
those without diabetes (11). Hypercholesterolemia is the major risk factor for
atherosclerosis, and average serum lipid levels are higher in diabetes than nondiabetes
persons (13). In the data from NHANES II, the relative risk of developing diabetes
was 2.9 times greater for obese persons 20-75 y. of age than for normal weight persons
(14). Obesity enhances insulin resistance (15,16), it has been shown repeatedly that
weight reduction improves blood glucose control in diabetes subjects.

Dietary fiber has been defined as the skeletal remains of plant material resistant
to hydrolysis by the digestive enzymes of hxan (17). This definition was later extended
to include all polysaccharides and lignin in the diet that are not digested by
endogenous secretions of the human gastrointestinal tract. These substances are
classified in many ways. However, from a metabolic standpoint, it is most useful to
classify them as either water soluble or not water soluble. As indicated later, the
ability to form viscous gels also may be important. Only the water soluble fibers have
been reported to have a significant effect on the serum glucose and cholesterol
concentration (18,19).

Mechanisms to explain the hypocholesterol effects of dietary fiber remain
unclear. Investigators previously attributed these effects to increase fecal excretion of
bile acids(20). Recent work indicates soluble fiber may influence cholesterol and lipid

metabolism at hepatic or peripheral sites (21). Soluble fibers are almost completely
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fermented in the colon to short chain fatty acids, primarily acetate, propionate, and
butyrate (22). These fatty acids are absorbed into the portal vein and may inhibit
hepatic and peripheral cholesterol synthesis and increase LDL cholesterol clearance
(23). Propionate stimulates glycolysis, facilitates glucose use. Changes in the rate of
glucose absorption and serum insulin levels may also affect cholesterol and
triglycerides levels (23).

High fiber diets promote weight loss for several reasons. Studies using high fiber
foods and fiber supplement show high fiber intake increased satiety (24,25), delayed
gastric emptying (26) and release of certain gut hormones (27) may contribute to
greater satiety. Nutrients such as starch, fatty acids, and nitrogen may be less well
absorbed from high fiber foods, providing slightly fewer calorie than from comparable
low fiber foods (28).

Along with the potential ability of dietary fiber to reduce the risk of certain
diseases, there may be the possibilities of having deleterious effects associated with
the intake of high levels of dietary fiber. The major side effect is increase intestinal
gas production, resulting in more flatulence. To avoid these side effects, dietary fiber
intakes should be increased gradually and fluid intake should be adequate (13). Safety
issues surrounding high fiber intake have focused on vitamin and mineral balance.
Additional long-term studies are needed to determine whether high-fiber diets using
commonly available foods adversely affect vitamin and mineral status.

Ispaghula or psyllium husk, a rich source of dietary fiber is obtained from the

outer epidermis of seeds of Plantago ovata. It is a rich source of true fiber containing
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80-85% dietary fiber with a soluble fiber content of some 80% and it has a variety of
beneficial physiological effects (29).

Although nutrition counseling is now routinely used as part of the treatment
regimen for those patients with diabetes, hypercholesterolemia and obesity because it
is cost-effective, well tolerated, and safe but this is often neglected because of time,
education, and behavior modification required. Thus, an increase in soluble fiber
intake, by supplementation of ispaghula husk (Fybogel®) could have a significant
impact on reducing serum cholesterol level, serum plasma glucose and promote

weight loss in obese NIDDM patients.

Objectives

The objectives of the present study were as follow:

1. To investigate whether Fybogel®:can be used to control and reduce body
weight in obese subjects.

2. To investigate the effects of Fybogel® on plasma glucose levels in diabetes
subjects.

3. To investigate whether Fybogel® can reduce serum lipids levels .

4. To investigate the effects of Fybogel® on vitamin (A, By, B,, By, C, E, K,

folate) and mineral (Mg, P, Ca, Fe, Zn, Cu) status.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 5

CHAPTER 11

LITERATURE REVIEW

DIETARY FIBER

A few trips to the library revealed that dietary fiber was not new. Hippocrates
(30) wrote in 430 BC that “wholemeal bread clear out the gut and passes through as
excrement” suggesting that fiber role in maintaining bowel regularity had long been
recognized. Graham, of Graham cracker fame, and Dr.J.H. Kellogg, of cereal fame,
also promote dietary fiber in the early 1900s (mentioned in 31).

In the United States, from 1920s to 1943s although several reports on the
laxative properties of fibers were published by William and Olmstead. The
importance of dietary fiber in human nutrition was not accepted, and few scientific
papers on dietary fiber were published during 1950s and 1960s (mentioned in 31).

In South Africa in the late 1940s, Walter found the association of dietary fiber
with a decrease incidence of certain diseases in rural blacks (32). Trowell also
published articles on the diseases of civilization that were inversely related to intake
of dietary fiber (33). In 1956s Surgeon Captain TL Cleave proposed the idea that the
diseases of civilization were caused by overconsumption of sugar and a deficiency in
dietary fiber intake (34). These epidemiological associations, popularized by Burkitt
in the early 1970s (35), stimulated interest and research in dietary fiber that have

gained momentum throughout the last two decades.
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The essence of the fiber hypothesis can be summarized as follows:
1) Diets high in dietary fiber are protective against a wide variety of westernized
diseases.
2) Diets low in dietary fiber may be causative factors in the etiology of westernized

diseases.

1. Definition

Fiber is all the constituents derived from the plant cell walls in the diet which are
not digested by the endogenous secretion of the human digestive tract. Priorto this the
term fiber is bandied about in both the medical and popular literature, and
considerable confusion exists as to its precise definition. Terms such as “crude fiber,”
“unavailable carbohydrate,” “indigestible residue,” “bulk,” and “roughage” have been
used. Trowell’s definition of fiber is now the most widely accepted. Fiber is a mixture
of fibrous and/or viscous undigested plant cell wall polysaccharides (36).

Many analytic methods have been used to measure the fiber content of food.
Initially, crude fiber had been developed to describe the residue of food remaining
after treatment with strong acid and alkali. This method underestimates the cell wall
polysaccharides such as hemicellulose. It consists mostly of cellulose and lignins. All
other types of dietary fiber are destroyed by the chemicals. Many food composition
tables still report dietary fiber value in terms of crude fiber. These values often bear
little resemblance to dietary fiber values because crude fiber does not contain many
fiber components (37).

The American organization of Analytical Chemists (AOAC) defined total dietary

fiber as the residue remaining after enzyme digestion (38). However, this laboratory



Fac. of Grad. Studies, Mahidol Univ M.Sc. (Nutrition) / 7

measurement has been criticized because it includes fiber as any “resistant starch”
formed during the processing and cooking of foods.

The most logical method is Cummings and Englyst’s who defined fiber as the
nonstarch polymers remaining after enzyme digestion followed by chromatography
measurement of residue sugar (2). A determination of fiber content by this method
measures both soluble and insoluble fractions but excludes lignin, which is a very
minor dietary constituent.

For the present, dietary fiber defined as “the nonstarch polysaccharide and lignin
portions of plant products not digestible or very poorly digestible by the enzymes

presented in the upper gastrointestinal tract” is the appropriate definition.

2. Classification

The major fiber components are pqusaccharides differ from starch in that the
chemical links that join individual sugar units cannot be digested by human enzymes
in the small intestine. Dietary fiber is not a single substance but actually a group of
substances with similar characteristics. The group consists of cellulose, hemicellulose,
pectins, gums and mucilages in addition to the nonpolysaccharide component, lignin.
As shown in Table A, these polysaccharides are defined by their sugar residues and

the linkage between them (37).
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Table A Types of dietary fiber

Name Chemical structure Water solubility
Cellulose Glucose polymers, B(1-4)units Insoluble
Hemicellulose Pentose, hexose, uronic acid polymers Soluble
Pectins Galactouronic acid polymers, a(1-4) Soluble
linkage; methylated side groups

Gums Polysaccharides, often methoxylated and Soluble
acetylated

Mucilages Highly branched polysaccharides Soluble
(i.e.,Arabinoxylans)

Lignins Aromatic alcohol polymers (phenols) Insoluble

From Selvendran, 1984 (37).

2.1 Cellulose

Cellulose provides the structural framework for all plant materials. It is the most
abundant organic chemical on earth, being found in fruits and vegetable pulps, skin,
leaves and outer covering of grain, nuts, seeds, and legumes. Cellulose is a polymer of
glucose links by P (1-4) bonds. Cellulose molecules are arranged within the
microfibrils in a highly ordered crystalline state in chain 4000-6000 nm long and
possibly 4 nm in diameter, each consists of several thousand glucose units. It also has
the property of taking up water (0.4 gram water per gram of cellulose) and this

explains its ability to increase fecal weight when added to the diet.
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2.2 Hemicellulose

Hemicellulose differ structurally from cellulose in that they have fewer glucose
units. They are branched polymers of pentose and hexose sugar, xylose, arabinose,
mannose, galactose, and their uronic acid derivatives. The proportions depend on the
plant source; for instance, xyloglucans are the predominant hemicellulose in
parenchymal fruit and vegetable tissues. Various hemicellulose have important

physiological action in the gut where they can bind water and cations.

2.3 Pectins

Pectins, a noncellulose polysaccharide, are a complex mixture of colloidal
polysacchrides. They are partly esterified thamnogalacturonans with an a (1-4) linked
D-galacturonan chain interspersed with L-rhamnopyranosyl residues with side chain
which include D-glucuronic and galacturonic acid. Some acidic groups are
methylated. Pectins are found in the primary cell wall and intracellular layer. Their
ability to form gels and their ion binding capacity may be important in human
nutrition. They are found in apples, citrus fruits, strawberries, and other fruits to a

lesser degree.

2.4 Gums

Gums are water soluble viscous polysaccharides of 10,000-30,000 units, mainly
glucose, galactose, mannose, arabinose, rhamnose and their uronic acids which may
be methoxylated and acetylated. The true plant gums, gum acacia and gum tragacanth
are the dried exudates from various plants obtained when the bark is cut or the plant is

otherwise injured. These are not part of the cell wall structure but are generally
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indigestible and are thus considered a part of dietary fiber. Guar and locust bean gums

are examples of gums derived from seeds.

2.5 Mucilages

Mucilages are polysacchrides from seeds and seaweeds used in small amount in
the food industry as thickening and stabilising agents by virtue of their water holding
and viscous properties. The mucilages of some seeds such as ispaghula husks are bulk
laxatives made up of highly branched arabinoxylans. Alginic acid from seaweed is a
polymer of (1-4) linked B-D-mannuronic acid or of (1-4) linked a-L-gucluronic acid
or a mixture. They are found mixed with the endosperm storage polysaccharide or in
special cells in the seedcoat. They retain water and so protect the seed against

desiccation.

2.6 Lignins

Lignins, a noncarbohydrate material which are sometimes included in dietary
fiber determinations, are a major component of trees and provides structure to the
woody portions of plants. They are polymers of aromatic alcohol which encrust the
cellulose and hemicellulose during secondary thickening. Lignins constitute a very

small part of the diet (1 g/d) and occur mostly in fruits with edible skins and seeds.

The component of dietary fiber described above can be categorized on the basis
of physical properties and physiological roles as soluble dietary fiber and insoluble

dietary fiber (Table B).
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Table B Classification of dietary fibers

Type Component Physiology Major food sources
Insoluble
Noncarbohydrate Lignins Uncertain All plants
Carbohydrate Cellulose Increase fecal bulk All plants
Hemicellulose Decrease transit time Wheat, rye, vegetables
Soluble

Carbohydrate Pectins, gums, Delay gastric emptying;  Apple, citrus fruit,oat,
Mucilages Slow glucose absorption; Beans

Lower serum cholesterol

From Anderson, 1986 (39).

1) Soluble dietary fibers
Soluble dietary fibers are dietary fibers which either dissolve or swell when
in water or are metabolized by bacteria in the large intestine. Rich sources of soluble
dietary fibers include fruits, vegetables, legumes, soy bean fiber, psyllium seeds, dried
beans, and oat bran. The influence of soluble dietary fibers on events in the alimentary
tract is related to their ability to hold water and form gels and also to their role as

substrate for fermentation by colonic bacteria (40,41).

2) Insoluble dietary fibers
Insoluble dietary fibers are dietary fibers that mostly do not dissolve in

water and are not digested by bacteria in the large intestine. These dietary fibers
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consist primarily of cellulose and some hemicelloses. They lend structure to plant cell
and are found in all kinds of plant materials. However, their major source is in the

bran layers of cereal grains(41).

3. Effect of fibers on gastrointestinal tract and metabolism

Dietary fiber have a wide range of effects in the gastrointestinal tract as

summarized by Heaton (Table C)

Table C Effects of dietary fibers in the gastrointestinal tract

Site Activity

Mouth Stimulates saliva

Stomach Dilutes contents, prolongs storage
Small intestine Dilutes contents, delays absorption
Large intestine Dilutes contents, bacterial substrate,

traps water, bind cations

Stool Softens, enlarges, prevents straining

From Heaton ,1984 (76)

3.1 Mouth and stomach
In the mouth, fiber stimulates the flow of saliva primarily by increaSing the
volume of food in the mouth. When dietary fiber reaches the stomach, it will dilute

the contents and perhaps prolong storage. Pectin and guar gum generally increase
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gastric emptying time, while other fibers have no effect. Viscosity of the fiber source

may be important variable in gastric emptying, although these data are confusing,
Marlett et al. (42) have postulated that dietary fiber could be altered

chemically in the stomach. The pH of the stomach can get as low as 2.0, and acid

treatment of dietary fiber can increase the soluble fiber fraction of the fiber.

3.2 Small Intestine

The soluble fibers increase intestinal transit time, whereas the insoluble
fibers decrease the intestinal transit time and increase intestinal bulk. The possible
effects of fiber within the small intestine include change in mixing, motility, and
convection; intraluminal digestion rates; thickness of the unstirred layer; inhibition of
maximum transport capacity; altered pH profile; and with long term treatment, altered
intestinal morphology (43). There is also speculation that fiber may package
carbohydrate molecules and insulate them from the digestive enzymes in the intestine
and decrease access to the intestinal wall (44). Certain high fibers may have
antienzyme activity. Fiber has been shown to reduce pancreatic enzyme activity and

decrease pancreatic enzyme secretion (45).

3.3 Large intestine
Dietary fiber, as well as unabsorbed dietary carbohydrate, undergoes
fermentation predominantly in the colon by anaerobic bacteria (46). Soluble fibers
such as the pectins, gums, and psyllium or ispaghula are 90% to 99% digested (47),
whereas an insoluble fibers such as cellulose is only 10% to 15% digested. Solubility

and digestibility are dependent on the chemical composition as well as the particle
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size of fiber preparations. The smaller the particle size, the greater the solubility and
digestibility. The content and composition of bacteria cell wall amylases with
specificity for hydrolysis of o 1-4 and 8 1-4 linkages are variable among the bowel
flora. These enzymes are inducible after exposure to different types of dietary fibers.
The bacterial population of the human intestine is unique to each individual and tends
to be stable over time. The relative size of these population can be influenced by
fasting, a change in diet, and most importantly, the administration of antibiotics in
critically ill patients.

The major end products of dietary fiber metabolismlare the short-chain fatty acids
(SCFA) acetate, propionate, and butyrate as well as the gases hydrogen,
carbondioxide, and methane (44,48). It has been estimated that normally 30 to 80 g of
unabsorbed carbohydrate and dietary fiber substrates enter the colon each day and
results in the production of 300 to 800 mmol of SCFA (47). SCFA are the
predominant anions in the colon and are absorbed by both active and passive diffusive
transport systems (49). The ability to convert carbohydrates into SCFA in the colon is
a major driving force for colonic salvage of electrolytes and water. In addition, SCFA
absorption represents the retention of an additional 100 to 250 kcal daily (50). SCFA
are the preferential metabolic fuel for colonic epithelial cells and provide energy by
p-oxidation. This phenomenon may account for the profound tropic effects of SCFA

on the large intestine. (Figure A)
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Enter large intestine Starch Cellulose Hemicellulose
Hexose Pentose
Metabolized by bacteria Glycolysis Pentose pathway
for bacterial growth

NS
7N

Acetate Hydrogen
End products Propionate Methane
Butyrate Carbondioxide
Fecal loss
Absorbed by Lost in breath
Large intestine after absorption
and metabolised

Figure A Mechanisms in the breakdown and assimilation of carbohydrate in the
human large intestine

From Mc.Neil, 1984 (51).
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4. Health benefits of dietary fibers

Although high dietary fiber intake is associated with lower risk or improvements
in several chronic diseases, a recent report of the National Academy of Sciences
states “there is no evidence that it is dietary fiber rather than the other components of
vegetables, fruits, and cereal products that reduces the risk of those diseases™ (52).

Vegetarians have higher dietary fiber intakes than nonvegetarians (53).
Vegetarians also have lower rates of coronary heart disease and cancer, lower serum
total and low-density lipoprotein(LDL) cholesterol concentrations, lower blood
pressure, lower body weights, and healthier lifestyle than nonvegetarians (54). In
addition, when the dietary fiber content of the diet changes, concentrations of other
dietary components such as saturated and unsaturated fats, minerals, and antioxidants
also change (55). Thus, although some studies document specific effects of dietary

fiber, effects of the entire high-fiber diet must also be considered.

4.1 Serum lipids
. Elevated serum cholesterol concentrations, particularly LDL cholesterol,
are major risk factors for CHD (56). The National Cholesterol Education Program
recommends a low-fat, low-cholesterol diet as a primary treatment for
hypercholesterlemia (57). Although diet low in fat and cholesterol are also usually
high in fiber, evidence suggests that high intake of soluble fiber may augment the
cholesterol-lowering effects of such diets (12,58).
Careful clinical studies in a metabolic research ward indicate that average
American diets enriched with soluble fiber from oat bran (59,60) or beans (61,62) can

produce net reductions in serum cholesterol concentrations of 15% and LDL-
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cholesterol concentrations of 16% over 3 wk. Serum lipid improvements with such
diets were sustained over the long-term, with 26% reductions in serum cholesterol
concentrations and 24% reductions in LDL-choleserol concentrations over 24 wk
(63).

Additional studies indicate that Psyllium mucilloid, a supplement rich in soluble
fiber, lowers serum total and LDL-cholesterol concentrations by 15% and 20%,
respectively, when consumed with a typical American diet (64). When used to
augment a Step | diet, recommended by the American Heart Association, Psyllium

mucilloid decreased serum LDL-cholesterol concentrations an additional 9% (65).

4.2 Coronary heart disease

Vegetarians have a lower incidence of CHD than nonvegertarians(66).
Although dietary fiber may alter CHD risk factors such as serum lipid concentrations,
hypertension, obesity, and diabetes, evidence suggests that diet may also
independently affect CHD risk (56).

Morris et al (67) reported that men with a high intake of cereal fiber have
a lower rate of CHD than men with a low cereal-fiber intake. The protective effects of
cereal fiber in this study could not be related to serum cholesterol concentrations.
Khaw and Barret-Conner (68) reported that a 6g increase in dietary fiber intake was
associated with a 25% reduction in CHD mortality that was independent of other
dietary variables. The protective effect was still statistically significant after
multivariate adjustment for other CHD risk factors. Kromhout et al (8) reported that

mortality from CHD was fourfold higher in Dutch males whose diets included lower



Orapin Choothawornchaikul Literature Review / 18

fiber intakes than in males whose diets included higher fiber intakes. This effect

remained significant after multivariate adjustment for other CHD risk factors.

4.3 Obesity

The routine use of high-fiber foods reduces risks for obesity and assists in
weight loss and weight maintenance because ﬁigh-ﬁber foods tend to be high in
carbohydrate and low in fat (54,70). High-fiber foods may promote weight loss and
long-term weight maintenance through the interactions of some of the following
mechanisms: high-fiber foods take longer to eat, which increases the feeling of
satiety: they slow gastric emptying, thereby increasing the feeling of fullness; they
decrease serum insulin concentrations; thereby decreasing food intake because insulin
stimulates appetite; they decrease the absorption of nutrients, which decreases energy
availability; they may increase rates of dietary thermogenesis; their fermentation
products, such as SCFA, may decrease food intake; they may stimulate the release of
peptides that modify eating behavior, and they may enhance adherence to the diet
(54).

Although dietary fiber has considerable theoretical potential as an adjunct to
weight loss and long-term weight management, clinical studies have not documented
these benefits. Several clinical studies have documented that fiber supplements have a
significant impact, thought to be small, as an adjunct to a weight-reducing diet
(54,71). High-fiber diets may have particular benefits for obese diabetic individuals
(72). Because of encouraging preliminary studies (73-75), further clinical studies are

needed to document the effectiveness of high-fiber foods as an adjunct to weight loss.
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4.4 Diabetes

The modern era of serious research into dietary fiber commenced in 1976
initiated by Dr. James Anderson in United States and particularly by Dr. David
Jenkins in England.

Anderson’s initial report suggested that a high carbohydrate diet
containing large amounts of dietary fiber caused an improvement in blood glucose
control in patients with non-insulin dependent diabetic mellitus (NIDDM) (77).
However, his report is difficult to interpret in the absence of a control group and may
have been confounded by a reduction in available calorie intake and weight loss.
Jenkins’ result, however, clearly demonstrated in acute single meal studies, that the
addition of soluble fiber to a meal attenuated the postprandial glucose and insulin rise
in both insulin dependent and non insulin dependent diabetics (78).

'Results of 53 studies that examined the short- or long-term effects of fiber
supplements in diabetic individuals were recently reviewed (3). Of these studies, 36
(68%) reported that fiber supplements improved glycemic control, 12 (22%) noted no
change, and 6 (11%) did not report the glycemic responses.

High-fiber diets may have special advantages for obese diabetic
individuals. Weight-reducing high-fiber diets promptly decrease the need for insulin
or oral hypoglycemic agents and quickly decrease serum glucose and lipids (79,80).
Because of the benefits that fiber provides for facilitating weight loss and long-term
weight maintenance, high-carbohydrate, high-fiber, low-fat diets seem especially
suited for obese diabetic individuals.

Of the possible mechanisms of action of viscous gels it would appear that

the major effect is the inhibition of convective movement of intestinal content towards
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the absorptive brush border of the small intestine. There may also be less effects on

digestion, gut motility and GI hormone release.

4.5 Gastrointestinal disorders
Dietary fiber has many health-promoting effects on the gastrointestinal
tract (76). Fiber maintains normal function and promotes regularity. Foods rich in
soluble fiber, such as oat products, delay gastric emptying and enhance satiety (39).
Foods rich in insoluble fiber, such as wheat bran, decrease transit time and increase
fecal weight and stool number (39,81).

Madar and Odes (7) recently reviewed the effects of dietary fiber on GI function
and diseases. They summarized the literature and indicated the clear benefits of wheat
bran, psyllium, and other fibers for individual with constipation. They also presented
the rationale for including fiber in the diet to protect against diverticulosis of the
colon. The role of dietary fiber in the treatment or prevention of other conditions such

as irritable bowel syndrome is still under study.

5. Possible adverse effects of dietary fiber

Some adverse effects may occur with the consumption of 50 to 60 g dietary fiber
diets per day, including decreased bioavaiability of certain vitamin and mineral (82).
The general public should be encouraged to increase dietary fiber intake gradually,
accompanying it with adequate fluid intake, in order to avoid possible side effects
such as flatulence, diarrhea and intestinal distention (83). These side effects are
caused by bacterial fermentation of dietary fiber with release of volatile fatty acids,

carbon dioxide, hydrogen and methane.



Fac. of Grad. Studies, Mahidol Univ M.Sc. (Nutrition) / 21

A compound not classified as a dietary fiber but often found with it in foods is
phytic acid. On a high dietary fiber diet, losses of minerals may occur if they become
bound to phytic acid. Most of the phytic acid in our diet comes from seeds such as the
cereal grains. Phytic acid is capable of binding minerals such as zinc, iron, calcium,
magnesium, and copper in insoluble complexes in the intestine (84). Several studies
proposed that calcium balance decreases as consumption of pectin, cellulose,
hemicellulose and lignin from fruit and vegetable increases (172). Taper et al. (85)
also discovered that high dietary fiber intake (40 g/day) of soy polysaccharide caused
a net loss of copper and iron.

However, many studies of vitamin and mineral status in adults on high-fiber
diets have not found evidence of deficiency (86). In term of soluble fiber
supplements, Mclvor and colleagues (87) gave at least 30 g of guar daily for 16 wk to
8 NIDDM patients, resulting in no significant changes in hematologic or hepato-renal
function. Jenkins et al. (88) administered 14-26 g of guar daily for 6 months to 8
diabetic patients and found no evidence of serum zinc, copper, and calcium changes.
Tuomilehto et al.(89) gave 15 g of guar daily for 3 months to 12 obese
hypercholesterolemic patients and at the end of this time, noted no significant changes
in 24-h urinary sodium, potassium, calcium, and magnesium.

Although dietary fiber may combine with bivalent metals resulting in a
decreased availability of those minerals, consumption of a complex and balanced diet

from a variety of food sources should not lead to overt vitamin and mineral deficiency

(83).
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6. Dietary fiber recommendations

The consensus recommendations of leading health organizations in the United
States (90-92) and other Western countries (93,94) are for a 50- 100% increase in
fiber intake. Currently Americans consume 10 to 23 g fiber/d (95). Recommended
intake are from 20 to 35 g/d (95). Consistent with the recommendations to increase
fiber intake are current dietary guidelines that recommend decreasing fat consumption
from the current 37% of energy intake to 30% of energy intake, while increasing

consumption of complex carbohydrate foods (96).

7. Health benefits of ispaghula husk (psyllium)

Ispaghula husk or psyllium (the name of ispaghula is better known in Europe
than the United States), a rich source of dietary fiber is obtained from the outer
epidermis of the seeds of Plantago ovata Forsk. Plantago ovata is native to the Canary
Islands and the Mediterranean regions of Southern Europe and North Africa to West
Pakistan. It is an annual herb sown in November and December and harvested in
March and April. The seed is processed and de-husked through a series of grinding
mills and mesh screens to separate the husk and remove the fines. The husk is a rich
source of true fiber containing 80-85% dietary fiber with a soluble fiber content of
some 80% mucilage. It is composed of a highly branched arabinoxylan that forms a
viscous gel when hydrated that allow it to have such an efficient laxative action.

(Table D)
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Analysis method

Total non-starch polysacchride (NSP) %
Soluble % of total NSP
Soluble/insoluble NSP ratio

NSP components (% total)

Rhamnose
Arabinose
Xylose
Mannose
Galactose
Glucose
Uronic acids
Total %NSP

Other components (% total)
Lignin

Protein

Fat

Ash

Moisture

Englyst
80.3
81.4

4to01

Soluble
1.0

13.8

443

1.1
0.1
5.1
65.4

Insoluble
0.1
56
29
1.1
2.0
2.7
0.5
14.9

From Dettmar, 1995 (29)

Fybogel® was developed by Reckitt and Colman and first introduced into the UK

market in 1974. The flavored preparation, Fybogel Orange®, was launched in 1982.

Fybogel® is now the most prescribed bulk laxative. As Fybogel® contains a naturally

occurring source of dietary fiber, which is not absorbed, it carries a very low risk of

unwanted effects. It only contains trace levels of phytate. Fybogel Orange® contains

3.5g ispaghula husk per sachet, only low levels of electrolytes, less than 1mmol

sodium and potassium per dose, and is both sugar-free and gluten-free.
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In clinical studies, the effectiveness of Fybogel®, a pharmaceutical product
containing a high level of ispaghula husk, has been demonstrated in those suffering
from simple constipation. Fybogel Orange® acts as rapidly as osmotic laxatives and
chemical stimulants in relieving the constipation and inducing the first bowel
movement.

Several studies have demonstrated that ispaghula husk have the greatest effect on
reducing cholesterol levels and the rate of glucose uptake. Studies investigating the
glycemic effect have shown reductions in postprandial plasma glucose of between
10% and 20 % cbmpared with placebos (64,97,144,147,148). These studies were both
short and long term, on healthy subjects, and diabetic patients. The effect of ispaghula
husk on lipemia is very well documented, and reduction in total cholesterol between
4% and 29% have been observed, largely depending on study duration, dosage and
baseline plasma cholesterol levels (12,98,162-164). The result is comparable to that of
guar gum, Fybogel® is well tolerated without causing any serious side effects (29).

Few studies have demonstrated the effect of ispaghula husk on the maintenance
and reduction of the body weight. Alberto et al (99) gave 15 g of psyllium mucilage
before each meal for 10 days to 19 obese and 8 NIDDM patients. Body weight
decreased a mean of 1,810g in the obese and 1,212g in the diabetic groups. Turnbull
et al. (100) determined the effect of Plantago ovata on the appetite and found a
significant difference in the fullness at 1 h post-meal between Plantago and placebo.
Further studies are needed to investigate the effect of Ispaghula husk on fhe body

weight.
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CHAPTER I

MATERIALS AND METHODS

A. Experimental Design

This was a randomized, double-blind, placebo-controlled study, performed on
35 obese NIDDM patients, conducted in Ramathibodi hospital. The study lasted 32
weeks, and was divided into three periods consisted of an 8 weeks dietary advice
phase, followed by a 16 weeks treatment period (Fybogel® or placebo) by

randomization, and then 8 weeks follow-up period after withdrawal of medication.

Selection of patients
Thirty-five patients were selected to participate in this study according to the
inclusion and exclusion criteria listed below.

Inclusion criteria

The following patients were eligible to enter the study:
1) Uncontrolled diabetes with a glycosylated hemoglobin (HbAc) value above 7.0%.
2) Body mass index (BMI) of more than 25 kg/m’.
3) \Hypercholesterolemia, total cholesterol levels more than 200 mg/dL
4) Aged between 18 and 70 years (male or female).
5) Willing to provide informed consent to participate in the study.
6) Willing to comply with the study procedures, stay on the study for 24 weeks and to

be followed up for another 8 weeks.
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7) Able to take the study medication, able to understand the study procedure and
reliable.

Exclusion criteria

The following patients were excluded from the study:

1) Patients who had impaired hepatic, renal, and thyroid function.

2) Female patients who were pregnant or breast feeding

3) Patients with inflammatory bowel disease, colonic ulceration or partial intestinal
obstruction, predisposition to intestinal obstruction, chronic intestinal disease
associated with marked disorders of absorption or digestion, condition which
might have been exacerbated by increased intestinal gas formation (such as
hernias)

4) Patients who had a condition which the investigator believed to interfere with the
evaluation or confound the results of the study, or put the patient at undue risk.

5) Patients taking vitamin or mineral supplements containing vitamin A, B;
(thiamine), B, (riboflavin), C, E, B;, (cyanocobalamin), folic acid, vitamin K,

calcium, phosphorus, magnesium, iron, zinc, and copper.

Dosage schedule

One sachet of Fybogel® (3.5 g of ispaghula husk) or placebo was taken 3 times
daily over the treatment period (wks 8 to 24). The study medication was taken up to 30
minutes before each of the morning, mid-day and evening meals.

The contents of a sachet of study medication were emptied into approximately

15\0 ml of cold water, stirred and drunk immediately.
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Concomitant medication

If possible, there was no change of medical treatment during the course of the
study. Patients were instructed not to take any vitamin or mineral supplements
containing vitamin A, By, B,, C, E, By, folic acid, vitamin K, calcium, phosphorus,
magnesium, iron, zinc, and copper since they may invalidate the safety evaluation.
Patients taking prescribed supplements of any of these vitamins or minerals were
disqualified. Patients were instructed to consult the investigator before taking any non-
prescribed medicine during the study except for paracetamol.

Details of all concomitant medication taken during the study and the daily
dosage were recorded by the investigator in the patient’s notes. If any medication

taken by the subject interfered with the study, the patients were withdrawn.

Study Screening Procedures (week 0)

Potentially suitable patients had the study detail were expléined and were
asked to sign the informed consent before the beginning of the study.

Demographic details, medical history, coexisting disease and concomitant
medication were also recorded. Blood samples for laboratory analysis (fasting
cholesterol, and glucose, HbAjc, hematology and routine safety parameters) were
taken.

Twenty-four hour dietary recall was taken and knowledge and method of
taking dietary record was taught to all subjects.

All subjects were asked to mgintain their usual level of physical activity.

Appropriate dietary advice was given to the patient and the following

appointments were made.



Orapin Choothawornchaikul Materials and Methods / 28

Follow-up assessments
At each subsequent assessment the following procedures were undertaken:
1) Three-day dietary records were reviewed for accuracy with the patients.
2) Appropriate dietary advice was re-iterated.
3) Blood samples for fasting glucose and lipid profiles were taken at week 4,
8, 16, 24, and 32.
4); Blood samples for HbA ;¢ was taken at week 8, 16, 24, and 32.
5) Blood samples for vitamin and mineral will be taken at week 8 and 24.
6) Weight, height, arm span, upper-arm circumference, 4-skinfold thickness,
wrist circumference, and ankle circumference were recorded at week 4, 8,
12, 16, 20, 24 and 32.
7) All adverse events experienced and concomitant medications taken were
recorded.
The study medication (a carton labeled week 8 for the appropriate patient
number) and proper instructions were given on week 8 of the study. Further
medication were dispensed at week 12, 16, and 20. Details of the amount of

medication returned at week 12, 16, 20, and 24 were recorded.

Investigator’s evaluation

At all visits the details of any adverse events were recorded, including
worsening symptoms of a coexisting disease, experienced by the patients since the
previous assessment. The investigator also assessed the patient’s compliance with the

dosing regimen by interviewing and pill counting.
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Withdrawal from the study

Any patient could withdraw from the study at any time and for any reason.

The investigator must document a patient’s reason for withdrawal, together
with the date of withdrawal, and should indicate whether his/her thinks this was

related to study medication.

Adverse events

At each visit the investigator asked the patient “Have you had any unwanted
symptoms since the last visit?” If the patient answered “yes”, full details of all
adverse events including duration, severity, relationship to the study medication /

change in diet and outcome was made in the patient’s study notes.

Study schedule
Each patient was assessed for 8 occasions & according to the study schedule

shown in the next page.
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Study schedule
WEEK NUMBER
ASSESSMENT 0 4 8 12 16 20 24 32
Dietary advice Fybogel® Follow
or Placebo. s

Dietary Advice X X X X X X X X
Fybogelw/ Placebo X X X X
3 day dietary record X X X X X X X X
Record of side effect X X X X X X X X
Weight and anthropometry X X X X X X X X
Blood for
- Total Ty, T3, TSH X
Fasting plasma
- Glucose,
- Lipid profiles

(Total cholesterol, triglycerides, HDL- X X X X X

cholesterol, LDL-cholesterol) X X X X X
- HbAlc X X X X X
- Vitamin

(A, By, B,, C, E, By, folate, K) X X X
- Mineral

(Calcium, Phosphorus, Magnesium, Iron, X X X

Zinc, Copper)
- Haematology assessment

(Hb., Het., Red cell count, White cell X X X

count, Platelet count)
- Biochemistry assessment

(Total proteins, Albumin, Urea, Uric acid,

Creatinine, Sodium, potassium, Chloride, X X X

CO,, Total and direct bilirubin, Alkaline

phosphatase, AST (SGOT), ALT (SGPT),

Gamma GT
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Principles of Nutrition Recommendation in this study

Patients can eat food similar to that recommended for the entire family in order
to maintain health. Dietary advice principally involved a consideration of energy
intake and the proportion of fat, protein and carbohydrate, as well as of other nutrients,
to ensure that in every respect optimal nutrition was maintained and to reduced acute

and long-term complications.

Nutrition Recommendations for Obese NIDDM

Started from week 0, each patient was received dietary recommendation to

promote weight loss and to control serum glucose and lipid levels as shown in Table E.

Table E Dietary prescription (127)

Daily intake Amount prescribed
Energy 1,000 kcal/day
Carbohydrate 50% of total energy

Prefer complex carbohydrate

Avoid simple sugars/added sucrose
Fat 30% of total energy

Protein 20% of total energy

This was used as a guideline for planning diet and educating obese NIDDM
patients and their families. The principle and the importance of diet recommendation
were told to all patients. They were instructed to design and prepare their diets. The
booklet about the detail of dietary recommendation (Appendix III) was given to all

patients.
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B. Assessment of Nutritional Status
1. Anthropometric measurement

1.1 Height (Ht)

The subject was asked to stand straight barefoot on a horizontal platform with
his heel together, stretching upward to the fullest extension. The back was as straight
as possible against the vertical bar and the horizontal arm of the heightmeter was in

contact with the subject’s head. The reading was read to the nearest mm.

1.2 Weight (Wt)

By standing barefoot on the accurate weighting scale.

1.3 Body mass index (BMI)
Body mass index was derived from body weight in kilogram divided by the
square of height in meters (kg/m®). A desirable BMI for general population lies

between 20-25 kg/m® (112).

1.4 Body composition
1.4.1 Mid-arm-circumference (MUAC)

MUAC is used as an indicator of both caloric and protein store. The arm
contains subcutaneous fat and muscle. Therefore, a decrease in MUAC may reflect
either reduction in muscle mass, a reduction in subcutaneous tissue, or both. Change in
MUAC measure can be used to monitor progress during nutritional therapy (113),
correlate positively with change in weight. The MUAC was measured in centimeters
at the same level as the triceps skinfold thickness. The measurement was taken at the

midpoint of the upper left arm between the acromion process of the scapula and tip of
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olecranon. After locating the midpoint, the left arm was extended so that it is hanging
loosely by the side, with the palm facing inwards. The tape was wrapped gently but

firmly around the arm at the midpoint.

1.4.2 Upper arm muscle circumference (UAMC)
The upper arm muscle circumference (UAMC) was calculated from the
following formular :

UAMC,cm = (MUAC, cm) - (0.314 x TSF, mm) (114)

1.4.3 Four-skinfold thickness
The four subcutaneous skinfolds thicknesses were measured using Harpenden
Calipers (115,116) and recorded to the nearest 0.5 millimeter.
Triceps skiﬁfold thickness (TSF)

The pendent right arm triceps skinfold was measured. The site of the
measurement was the grasped fat pad at midpoint between acromion process of the
scapular and olecranon process of the ulna.

Biceps skinfold thickness (BSF)

The thickness of a vertical fold on the front of the upper right arm, directly
above the center of the cubital fossa at the same level as the triceps skinfold was
measured.

Subscapular skinfolds thickness (SSF)

The site of the measurement was just below and laterally to the angle of the

left shoulder blade, with the shoulder and the right arm relaxed. Skinfolds was grasped

at the marked site at the lower tip of the scapular.

43943 | |1IM9Y
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Suprailiac skinfolds thickness (SISF)

The site of the measurement was in mid axillary line immediately superior
to the iliac creast. The skinfolds was picked up obliquely just posterior to the
midaxillary line and parallel to the cleavage lines of the skin.

For all the skinfolds measurement, the subjects stand upright with feet
together and arm at the sites.

The skinfolds was gently pulled away from the underlying muscle tissue.
The calipers were placed perpendicular to the fold, on the side of marked dial up, at
approximately 1 cm. below the forefinger and thump. While maintaining a grasp of the
skinfolds, released the calipers so that full tension was placed on the skinfolds. The
dial was being read to the nearest 0.5 mm 1-2 seconds after the grip had fully released.

The determination of body fat mass (BFM) and fat-free mass (FFM) was
calculated by the method of Durnin and Wormersly’s table (117). Skinfolds thickness
measurements from multiple anatomical sites were used to estimate body density. The
percentage body fat was calculated from the sum (milliliters) of the above four
skinfolds measurements of male and female in different ages according to percentage

body fat table (117).

2. Dietary assessment

Subjects were instructed about how to record a 3-day (1 weekend day and 2
weekdays) diet history by the dietician. The example of dietary record (Appendix 1)
was given to all patients. All food items and portions were recorded in the form for 3
day as shown in appendix II. Detailed description of all foods and beverages including
brand name and their method of preparation and cooking were recorded. The patients

estimated food portion size by using standard household measuring cups and spoons
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supplement with a ruler. And the dietitians reviewed the diet records for accuracy with
the subjects.

Portion size measures were converted into grams. The food records were
analyzed for energy intake and its distribution derived from protein, fat, and
carbohydrate. Data were analyzed by using the computerized food composition
analysis package “Nutritionist III” modified for Thai food by the Institute of Nutrition,

Mahidol University.

C. Biochemical assessment
Forty-two ml of blood was collected at week 0, 8, and 24 while 8 ml of blood
was collected in the morning after 12-h overnight fast at week 4, 16, and 32.

The following quantitative assays were performed:

1. Glycemic levels (week 0, 4, 8, 16, 24, 32)

Plasma glucose levels were determined using the enzymatic method described
by Barham and Trinder (101) as shown in AppendixIV.

Glycosylated hemoglobin (HbA,.) in whole blood sample were measured by
utilized the principle of ion exchange high performance liquid chromatography
(HPLC) according to the method of VARIANT™ Hemoglobin Testing System HbA ¢

Dual Kit as shown in Appendix V

2. Serum lipid levels (week 0, 4, 8, 16, 24, 32)
Serum total cholesterol was measured by means of enzymatic-colorimetric

method (119) as shown in Appendix V1.
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HDL-cholesterol was determined by method of Bustein and Lopes-Virella
(120) as shown in Appendix VII.

Triglycerides was measured by enzymatic hydrolysis of triglycerides with
subsequet determination of the liberated glycerol by boeringer Mannheim
Triglycerides GPO-PAP Kit (102) as shown in Appendix VIII .

LDL-cholesterol and HDL/LDL ratio were calculated. LDL-C level was

calculated from Friedewald’s formula (103).

3. Vitamins / Minerals (week 0, 8, 24)

Plasma retinol and a-tocopherol were measured by HPLC according to the
method of Bieri et al. (104) as shown in Appendix IX.

Erythrocyte transketorase activity (ETKA) and thiamine pyrophosphate effect
(TPPE) was determined by enzymatic method according to the method modified from
Dreyfus (105), and Dische (106) as shown in Appendix X.

Erythrocyte glutathione reductase activity (EGRA) and activity coefficient (AC)
was determined by enzymatic method according to the method modified from Glatzle
et al (107) as shown in Appendix XI.

Ascorbic acid was determined as the derivative of 2, 4-dinitrophenylhydrazine
using the method of Stanley et al (108) as shown in Appendix XII.

Serum vitamin B), was measured by y-counter. Serum folate and red blood cell
folate were measured by the microbiological assay using Lactobacillus casei and
spectrophotometer according to the mehod of Grossowicz et al at the Laboratory of

Tropical Disease Hospital.
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Prothrombin time (screening test of vitamin K deficiency) was measured at
Hematology Laboratory, Ramathibodi Hospital according to the method of Dade®
Thromboplastin IS Kit.

Serum calcium and ionized calcium were determined by using a NOVA 7
according to the method of Jack H (109) as shown in Appendix XIII.

Serum phosphorus was determined by method of Golddenberg and Fernandez
using a flame atomic absorption spectrophotometer (110) as shown in Appendix XIV.

Serum magnesium was determined by the method of Hausen and Frier using a
flame atomic absorption spectrophotometer (111) as shown in Appendix XV.
Iron and total iron-binding capacity (Fe and TIBC) were measureed at General
Chemistry Laboratory, Ramathibodi Hospital by means of colorimetric method.
Serum zinc and copper were measured by flame-atomic absorption spectrometry

according to the method of model 1100B; perkin-Elmer as shown in Appendix XVI.

4. Hematological Parameters (week 0, 8, 24)
Hemoglobin, hematocrit, red cell count, white cell count and platelet count were
measured by H-1 hematology analyzer at Hematological Laboratory, Ramathibodi

Hospital.

5. Routine safety Parameters (week 0, 8, 24)

Serum blood urea nitrogen (BUN), creatinine, alkaline phosphatase, SGOT,
SGPT, Gamma GT, uric acid, total and direct bilirubin, total protéins, albumin,
sodium, potassium, chloride and CO, content were measured by SMA-12 at General

Clinical Chemistry Laboratory, Ramathibodi Hospital.
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E. Statistical Analysis

Results were presented as mean = SD. The statistical significant difference was
considered at the P-value was less than 0.05. Independent-sample T-test was used to
determine whether differences between Fybogel® and placebo group at baseline and
follow-up period. The changes in variables between time were tested for significance
using Repeated-measure of ANOVA models. Student-Newman-Kuels test (SNK) was
used to compare multiple comparison for observation. Pair T-test was used to test
between time after withdrawal medication.

Statistical analysis were performed by using Statistical Package for the Social

Science (SPSS) for Windows Release 7.5.1 (1996), Standard Version.
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CHAPTER 1V

RESULTS

Part I General characteristics of patients at baseline
Thirty-five obese NIDDM patients receiving treatment at Ramathibodi Hospital
participated in this study. They were divided into two groups, 18 patients received
Fybogel® and 17 cases received placebo after undergoing 8 week of diet-only phase.
General characteristics of the patients at the beginning of the study are shown in

Table 1-9.

Table 1 shows general characteristics of the patients at the beginning of the
study‘. The Fybogel® group consisted of 2 males and 16 females while the placebo
group consisted of 2 males and 15 females. The mean age + SD of Fybogel® and
placebo groups were 55.0 + 8.6 and 52.8 * 6.5 years, respectively, and there was no
significant difference in the age between the two groups. The mean height and weight
at baseline were not significantly different. The mean BMI of Fybogel® and placebo
groups were 30.3 + 4.9 and 28.9 + 3.7 ke/m” respectively. They were obese class I
according to the criteria of classification of WHO consultation on obesity in adult by
BMI(152). Both groups were in poor glycemic control, mean FPG of Fybogel® and
placebo group were 214.4 + 43.3 and 202.6 & 53.7 mg/dL, and the mean HbA,, levels
were 10.4 + 1.6, and 10.5 = 1.6 % respectively. Based on the criteria of the National

Cholesterol Education Program (NCEP) Expert panel on Detection, Evaluation, and
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Treatment of high blood cholesterol in adults (57), both groups had high mean serum

TC (> 5.17 mmol/L).

Table 1 General characteristics (mean + SD) in both groups of patients at the

beginning of the study
parameters Fybogel® Placebo
Sex : Male/Female 2/16 2/15
Age, year 550+86 52.8+6.5
Height, cm 1572 +£4.2 156.5+5.6
Weight, kg 749 +13.1 71.0+10.1
BMI, kg/m® 30.3+49 289437
FPG, mg/dL 21441433 202.6 £53.7
(mmol/L) (11.9+£24) (11.24£29)
HbA,, % 104+1.6 105+16
TC, mg/dL 2543 +37.1 266.6 £42.0
(mmol/L) (6.6£1.0) (69+1.1)

No significant difference
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1. Routine safety parameters at baseline

Table 2 Mean £ SD of baseline Thyroid function tests in both groups of patients

Parameters Fybogel® placebo Reference ranges
T; 111.74 £30.27 117.14 £32.13 75-220 ng/dL
Free T4 1.38+£0.31 1.39+0.30 0.8-2.8 ng/dL
Total T4 7.99+£2.32 7.96 +1.72 4-11 pg/dL
TSH 2391214 2291137 2-11 mU/L

No significant difference

Table 3 Mean * SD of baseline blood count in both groups of patients

Parameters Fybogel® placebo Reference ranges
Hemoglobin 1393 + 0.81 14.13+£1.12 12-15 g/dL
Hematocrit 4321 %2097 4398 +2.71 33-43 %
RBC 4.84+£0.50 4.80+0.35 3.5-5.0 x 10%mm®
Platelet 288.67 + 51.34 280.53+75.56  130-400 x 10*/mm’
WBC 8.15+1.92 9.51+1.90 3.2-9.8 x 10*/mm’

No significant difference



Orapin Choothawornchaikul Results / 42

Table 4 Mean + SD of baseline Liver function tests in both groups of patients

Parameters Fybogel® placebo Reference ranges
Alkaline phosphatase 8233 +28.75 76.65 +27.30 30-120 U/L
Aspartate aminotransferase 2444 £ 8.13 28.06 + 18.99 0-35 U/L
Alanine aminotransferase 26.67 +14.72 2624 +18.11 0-35 U/L
Gamma-glutamyl transferase 3844+ 17.46 41.06 +24.58 0-30 U/L
Total bilirubin 11.47 + 4.68 11.66 +5.13 2-18 umol/L
Direct bilirubin 2.04 +£0.87 223+1.53 0-4 pmol/L
No significant difference

Table S Mean * SD of baseline renal function tests in both groups of patients

Parameters Fybogel® placebo Reference ranges
BUN 14.17£3.71 16.18 £4.73 8-18 mg/dL
Creatinine 0.8710.26 1.01 £0.21 0.6-1.2 mg/dL
Uric acid 498+13 5211160 2-7 mg/dL

No significant difference

Table 6 MeantSD of baseline Total protein and albumin in both groups of patients

Parameters Fybogel® placebo Reference ranges
Total protein 72.34£4.54 69.28 £ 7.11 60-80 g/L
Albumin 42.14 £2.08 40.62 +4.25 40-60 g/L

No significant difference
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Table 7 Mean + SD of baseline Electrolyte in two groups of patients

Parameters Fybogel® placebo Reference ranges
Sodium 139.11 £2.87 139.12+2.74 135-147 mmol/L
Potassium 4.62+0.51 448 +1.02 3.5-5.0 mmol/L
Chloride 103.72 £ 3.54 104.00 + 3.87 95-105 mmol/L
Carbon dioxide 2269 +£234 21.94 +20.88 22-28 mmol/L

No significant difference

Routine safety parameters at baseline in Fybogel® and placebo groups are
presented in Table 2-7. All parameters were within normal ranges except the gamma-

glutamyltransferase which was mildly increased.
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Table 8 Mean + SD of vitamin status at baseline in both groups of patients

Vitamin Fybogel® placebo Reference ranges
Retinol, S 69.71 £18.71 72.87 £26.04 20-100 pg/dL
(2.43 £ 0.65) (2.54£091) (0.7-3.5umol/L)
a-tocopherol 1.27£0.31 1.32+£0.45 >0.5 mg/dL
S (29.49 + 7.20) (30.65 + 10.45) (>11.6 umol/L)
Ascorbate, S 0.93+0.28 0.81 £0.31 0.4-1.0 mg/dL
(52.81 £ 15.90) (45.99 + 17.60) (23-57 pmol/L)
Vitamin B, %TPPE 0.08 £ 0.38 %TPPE 0.85 +3.22 <15
(ETKA 219.4 +46.1) (ETKA 222.8+52.2)
Vitamin B, AC 1.11£0.15 AC 1.09+0.15 <1.2
(EGRA 2134.3+615.1) (EGRA 2080.7 £601.6)
Vitamin By, 29347+ 111.12 541.60 £231.21 200-900 pg/mL
S (216.58 £ 82.01) (399.70 + 170.63) (147-660umol/L)
Folate, S 1222 +4.16 9.83+5.08 5-16 ng/mL
(27.68 £9.42) (22.26 £ 11.51) (11-36mmol/L)
RBC Folate 214.57 £ 102.59 200.04 + 67.81 150-450 ng/mL
(486.00 +232.37) (453.09 £ 153.59) (340-1,020 nmol/L)
Vitamin K 15.06 + 1.62 1456 £1.01 11-15 seconds
(prothrombin
time)
S=serum

No significant difference
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Table 9 Mean + SD of mineral status at baseline in both groups of patient

Mineral Fybogel® placebo Reference ranges
Total calcium, S 2.18+0.08 223+£0.12 2.20-2.64 mmol/L
Ionized calcium, S 1.21+0.04 1.24 £0.07 1.18-1.38 mmol/L
Magnesium, S 0.710 £ 0.096 0.693 +0.083 0.8-1.2 mmol/L
Phosphorus, S 1.13+0.16 1.16 £ 0.19 1.0-1.4 mmol/L
IRON, S 85.11£24.97 93.48 +14.81 50-150 pg/dL
TIBC, S 27733 £27.90 262.59 +34.85 250-370 ng/dL
Zinc, S 1014+ 185 95.8+16.0 75-120 pg/L

(15.51 £2.83) (14.66 +2.45) (11.5-18.5 umol/L)
Copper, S 1127+£19.2 11541254 70-140 ng/L

(17.69 £ 3.01) (18.12 + 3.99) (11.0-22.0 umol/L)
S = serum

No significant difference

Vitamin and mineral statuses in both groups of patients are displayed in Tables 8-

9. All parameters were within normal ranges and no significant difference between the

two groups was observed.
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Part Il Effect of dietary counseling, 8-week diet-only and 16-week

Fybogel® or placebo supplemenation.

1. Dietary intake

The daily nutrient intake of Fybogel® and placebo groups are presented in
Tables10-11. At the beginning of the study, mean + SD energy intake of Fybogel®
and placebo groups were 1,705 + 157 and 1,780 + 143 kcal/d, respectively. The
percentages of caloric distribution of carbohydrate, protein and fat in Fybogel®
group were 46.3%, 20.6%, and 33.1% and in placebo group were 46.3%, 21.6%,
and 32.1%, respectively. There was no significant difference in total energy intake
and caloric distribution between Fybogel® and placebo groups at the beginning of
the study.

After giving dietary advice, mean total energy intake and nutrient distribution
of carbohydrate, protein and fat were significantly reduced throughout the study in
both groups. Percentage of calories from carbohydrate after dietary advice was
significantly higher than before dietary advice in both groups whereas percentage
of calories from fat was significantly lower in both groups throughout the study.
Throughout the study, there was no significant difference of percentage of calories

from protein between the two groups after dietary advice.
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2. Effect on body weight and anthropometric measurement
2.1 Body weight (BW)

The mean BW + SD are displayed in Table 12 and Figure 1(a). Actual
weight changes and percentage of weight changes (%changes) from wk0 and wk8 are
shown in Table 13 and Figures 1(b),(c). During diet-only phase (wk0-8), there were
not significant reduction of BW in both groups. During treatment phase (wk8-24), the
BW was significantly reduced in Fybogel® group at wk20 and wk24 (P<0.05). the
weight reduction was 0.88 kg (1.16%) at wk20 and 1.28 kg (1.61%) at wk24. Whereas
the weight change of placebo group increased 0.89 kg (1.23%) at wk24 (P<0.05). the
difference in BW change from wk8 between two groups was statistically significant at

wk20 and wk24 (P<0.05).

Table 12 Mean £ SD (kg) of body weight in both groups of patients at baseline and

follow-up period

Week BW (kg)
Fybogel® placebo
0 749 +13.1 71.0+10.1
4 745+12.8 703+ 10.5
8 7441128 70.3+£10.3
12 73.7+12.7 7021104
16 73.8 12.7 70.5+10.4
20 73.5+12.5° 70.6 £ 10.4
24 73.1+12.1° 71.2£10.4°

* Significant difference from week8, P<0.05
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Table 13 Actual changes of body weight in kilogram and percentage of changes (%)

from wkO0 and wk8 in both groups of patients

Week Fybogel® Placebo
kg (%) kg (%)

4vs0 042 (-0.50) 069  (-1.05)
8vs0 059 (0.73) 065  (-0.94)
12 vs 8 063 (-0.86) 017 (-0.26)
16 vs8 0.59  (-0.80) +0.18  (+0.24)
20 vs 8 088 (-1.16) +029  (+0.40)
24 vs 8 128 (-1.61) 1089  (+1.23)

'Si gnificant difference from placebo, P<0.05

2.2 Anthropometric measurement

The anthropometric measurement in both groups are presented in Tables

14-16 . The BMI was significantly reduced from wk8 in Fybogel® group at wk24 (P

<0.05) whereas it was significantly increased in placebo group at wk24 (P<0.05).There

were no significant differences in MUAC, UAMC, and FFM in both groups

throughout the study. The mean TSF during the treatment phase of Fybogel® group

was significantly lower at the end of the study (P<0.01). The mean BFM in the

Fybogel® group was also significantly reduced at the end of the treatment phase (P

<0.01), while in the placebo group the mean BFM increased significantly (P<0.01)

from wk12.
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Table 14 Mean + SD of BMI (kg/m?) in both groups of patients at baseline and

follow-up periods

Week BMI (kg/m?)
Fybogel® Placebo
0 30.35 +4.95 28.98 +28.71
4 30.16 £ 4.91 28.71+4.13
8 30.08 +4.91 2874 +4.14
12 29.82 +4.85 28.66 +4.13
16 29.84 +4.87 28.81+4.16
20 29.72 +4.77 28.85+4.11
24 29.57 + 4.65° 29.09 +4.15°

* significant difference from week8 , P<0.05
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Figurel Effect of dietary counseling and Fybogel® supplementation on body weight

(a) Mean of BW (----- diet only, ——diet + Fybogel or placebo)
(b) Actual changes of BW from wk8
(c¢) Percentage of changes of BW from wk8

* significant difference from wk 8 (before medication), p<0.05

"si gnificant difference from placebo, P<0.05
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3. Effect on glycemic control
3.1 Fasting plasma glucose (FPG)

The mean FPG in both groups are presented in Table 17 and Figure 2 (a).
Actual change and percent change of FPG from wk0 and wk8 are shown in Table 18
and Figures 2 (a), (b). During diet-only phase, there was no significant difference of
FPG in both groups. During treatment phase, mean FPG of the Fybogel® group was
significantly decreased at wk24 (P<0.01). Average change of FPG from wk8 was 35.0
mg/dL (16.1%) at wk24 in Fybogel® group whereas there was no significant
difference of FPG in the placebo group. The difference change from wk8 of FPG

between two groups was statistically significant at wk16 (P<0.05) and wk24 (P<0.01).

Table 17 Mean + SD (mg/dL) of fasting plasma glucose in both groups of patients at

baseline and follow-up period

Week FPG (mg/dL)
Fybogel® Placebo
0 21444433 202.6 +53.7
4 189.8+54.8 188.8+78.9
8 2159+378 187.0+71.5
16 194.7 £50.3 200.5+51.6
24 180.9 + 56.1° 196.3 +57.2

* significance difference from week8, P<0.01



Orapin Choothawornchaikul Results / 56

Table 18 Actual changes of fasting plasma glucose (mg/dL) and percentage of

changes (%) from wkO0 and wk8 in both groups of patients

Week Fybogel® placebo
mg/dL (%) mg/dL (%)
4vs0 2461  (-11.78) 1376 (-5.25)
8vs 0 +1.56  (+2.89) 1559 (-6.26)
16 vs 8 2128 (-9.06) +1347  (+14.77)
24 vs 8 3500 (161007 4929  (+10.40)

* %

. significant difference from placebo, P<0.05 and 0.01 respectively
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Figure 2 Effect of dietary counseling and Fybogel® supplementation on FPG

(a) Mean of FPG (----- diet only, — diet + Fybogel® or placebo)
(b) Actual change of FPG from wk8
(c) Percentage of change of FPG from wk8

*significant difference from wk8 P<05,

¥ %

e significant difference from placebo p<.05and .01 respectively
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3.2 Glycosylated hemoglobin (HbA )

The mean HbA | in both groups are presented in Table 19 and Figure 3 (a).
Actual changes and percentage of changes of HbA ., from wk0 and wk8 are shown in
Table 20 and Figures 3 (b), (c). During diet-only phase, there was no significant
difference of HbA . between both groups. During treatment phase, mean HbA |, in the
Fybogel® group was significantly decreased at wk24 (P<0.05). The average levels of
HbA,. decreased from 10.1 at wk8 to 9.0 at wk24 (10.12%) in Fyb(;gel® group
whereas there was no significant reduction in the placebo group. The changes from

wk8 of HbA between two groups was statistically significant at wk24 (P<0.05).

Table 19 Mean + SD of HbA . (%) in both groups of patient at baseline and follow-up

period
Week HbA . (%)
| Fybogel® Placebo
0 104+1.6 105+ 1.6
8 10.1+14 97+19
16 97+15 | 10.0+1.8
24 9.0+ 14° 9.7+13

* significant difference from wk8, P<0.05
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Table 20 Actual changes (percentage of changes) from wk0 and wk8 of HbA,, in

both groups of patients
Week Fybogel® placebo
% %change % %change
8vs0 034 (-2.62) 0.78  (-6.29)
16 vs 8 -0.34  (-3.04) +0.24  (+4.47)
24 vs 8 107 (-10.12) L .005  (+1.53)

" significant difference from placebo,P<0.05
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wk

wk

wk

Figure 3 Effect of dietary counseling and Fybogel® supplementation on HbA ,

(a) Mean of HbA, (----- diet only, — diet + Fybogel® or placebo)
(b) Actual changes of HbA . from wk8

(c) Percentage of changes of HbA . from wk8

“significant difference from wk8 P<.05, *signiﬁcant difference from placebo P<.05
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4. Effect on serum lipids
4.1 Total cholesterol (TC)

The mean TC levels in both groups are presented in Table 21 and Figure 4.
There was no significant difference of mean TC levels between times in both groups.
The changes from wk8 of TC between the two groups were also not statistically
significant.

Nevertheless, when we focused on the subjects with moderate to high
hypercholesterolemia (TC at wk8>240 mg/dL) in Table 22 and Figure 5 (a). The TC
reduction was seen significantly at wk24 (P<0.05) in Fybogel® group whereas there
was no significant difference in the placebo group. Average change of TC at wk24
compare to wk8 was decreased 41 mg/dL (14.2%) as shown in Table 23 and Figures 5
(b),(c). The change of TC level from wk8 between two groups was only statistically

significant at wk16 (P<0.05).

Table 21 Mean + SD (mg/dL) of total cholesterol in both groups of patients at

baseline and follow-up period

Week Total cholesterol (mg/dL)
Fybogel® Placebo
0 2543 +37.1 266.6 +42.0
4 232.0+49.7 251.1+£39.0
8 24711425 265.8+42.8
16 246.3 £ 34.7 27241489
24 233.6 £40.4 261.6 +40.1

No significant difference
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Figure 4 Effect of dietary counseling and Fybogel® or placebo supplementation on

TC (mean + SD)

Table 22 Mean + SD (mg/dL) of total cholesterol in hypercholesterolemic subjects

(greater than 240 mg/dL) at wk8 in both groups of patients

Week Total cholesterol (mg/dL)
Fybogel® (n=8) Placebo (n=13)
8 2853 +31.0 28341302
16 25591340 282.2+450
24 2443 +44.4° 265.8+39.1

* significant difference from wk8, P<0.05
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Table 23 Actual changes (percentage of changes) of total cholesterol in

hypercholesterolemic subjects (greater than 240 mg/dL) from wk8 in

both groups of patients
Week Fybogel® placebo
mg/dL (%) mg/dL (%)
16 vs 8 , -29.4 (-10.30)* -1.2 (-0.40)
24 vs 8 -41.0 (-14.20) - -176 (-6.0)

’ significant difference from placebo, P<0.05

43943
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Figure 5 Effect of dietary counseling and Fybogel® supplementation on cholesterol

level in hypercholesterolemic subjects (TC>240 mg/dL) at wk8

(a) Mean of TC

(b) Actual change of TC from wk8
(¢) Percentages of changes of TC from wk8

*significant difference from wk8 P<.05,

"si gnificant difference from placebo p<.05
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4.2 Low density lipoprotein cholesterol (LDL-C)
The mean LDL-C levels in both groups are presented in Table 24 and
Figure 6 (a) . Actual changes and percentage of changes of LDL-C from wk0 and wk8
are shown in Table 25 and Figures 6 (b),(c). During diet-only phase and treatment
phase, mean LDL-C levels were not significantly changes between times in both
groups. However, the changes from wk8 of LDL-C levels between the two groups was

statistically significant at wk24 (P<0.05).

Table 24 Mean + SD ( mg/dL) of LDL-C in both groups of patients at baseline and

follow-up period

Week LDL-C (mg/dL)
Fybogel® Placebo
0 164.2 +£39.7 168.5+36.3
4 148.2+533 157.0+32.4
8 164.5 + 38.8 166.9 £ 33.8
16 159.8 £42.4 162.6 £37.7
24 147.8+41.9 ‘ 171.4+£39.2

No significant difference
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Table 25 Actual changes (percentage of changes) from wk0 and wk8 of LDL-C in

both groups of patients

Week Fybogel® placebo
mg/dl (%) mg/dl (%)

4vs0 1594 (-10.90) 1147 (-5.49)

8vs 0 1033 (+222) 159 (+1.49)

16 vs 8 -4.72 (-2.45) -4.24 (-1.19)

24 vs 8 1672 (:9.51) +447  (+3.94)

Significant difference from placebo , P<0.05
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Figure 6 Effect of dietary counseling and Fybogel® supplementation on LDL-C

(a) Mean of LDL-C

(b) Actual changes of LDL-C from wk8

(c) Percentage of changes of LDL-C from wk8

" significant difference from placebo p<.05
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4.3 High density lipoprotein cholesterol (HDL-C) and Triglyerides
Serum HDL-C and triglycerides concentrations were not significantly

changed over time in either within group or between groups as shown in Tables 26-27.

Table 26 Mean + SD (mg/dL) of HDL-C levels in both groups of patients at baseline

and follow-up period
Week HDL-C (mg/dL)
Fybogel® Placebo

0 55.6+10.7 585+13.8
4 541+£11.7 5521155
8 529188 579+134
16 533+10.8 559+153
24 51.8+8.0 5831147

No significant difference
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Table 27 Mean + SD (mg/dL) of triglycerides levels in both groups of patient at

baseline and follow-up period

M.Sc. (Nutrition) / 69

Week Triglycerides (mg/dL)
Fybogel® Placebo
0 181.2+£80.3 2009+ 114.0
4 176.4 £95.0 195.1+£112.2
8 183.2+74.6 2058+ 1125
16 183.3+103.3 2284 +1743
24 173.4 +123.1 227.6 £157.3

No significant difference
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5. Effect on vitamin and miﬂeral status

Vitamin and mineral status are presented in Tables 28-29. Mean vitamin (serum
retinol, oc-tocopherol, vitaminB, vitaminB,, vitaminC, vitaminBi,, folate and RBC
folate) and mineral (serum calcium, magnesium, phosphorus, iron, zinc and copper)

levels were not significantly changed after treatment in both groups.

6. Effect on routine safety parameters

Routine safety parameters before and after Fybogel® and placebo
supplementation are shown in Tables 30-34. Blood count, liver function test, renal
function test, protein status and serum electrolyte levels were within normal ranges

and were not significantly changed after treatment in both groups.
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Part III Effect of withdrawal of Fybogel® on body weight , glycemic
control and serum lipids

Table 35 Mean * SD of BW, glycemic control and serum lipid after withdrawal of

Fybogel® and placebo
parameters Fybogel® (n=16) Placebo (n=16)
Wwk24 Wk32 Wk24 Wk32
BW, kg 726+ 11.1 734+ 115° 720+ 105 723+ 104
FPG, mg/dL 188.4+54.0 2305+720° 1959+59.1 209.3+65.9
HbA . % 92+14 103+1.7° 9.7+ 1.4 102+13°
TC, mg/dL 2471+ 327 2535+ 441 2606+ 412 2706+ 42.6

LDL-C, mg/dL 149.0 £43.6 156.4 +43.9 1716 £423 180.9 +£35.2

“*significant difference from wk24 P<0.05 and 0.01 respectively

Table 36 Actual change of BW, glycemic control and serum lipid levels after

withdrawal of Fybogel® and placebo

Parameters Fybogel® (n=16) Placebo (n=16)
wk32 vs wk24 Wk32 vs wk24
BW, kg +0.74 +0.30
FPG, mg/dL +42.13 +13.38
HbA . % +1.10" +0.48
TC, mg/dL +6.38 +10.00
LDL-C, mg/dL +7.40 +9.28

“significant difference from placebo P<0.05
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After withdrawal of Fybogel® and placebo at wk24, 16 cases of Fybogel® and 16
cases of placebo group were followed for two months. The mean BW was
significantly increased 0.74 kg. in Fybogel® group, while there was no significant
change of BW in the placebo group. Means FPG and HbA,. were also significantly
increased 42.1 mg/dL (P<0.05) and 1.1% (P<0.01), respectively in Fybogel® group
whereas in the placebo group mean HbA,. was significantly increased 0.48% (P
<0.05). The changes in HbA,. from wk24 between groups was statistically significant
(P<0.05). There were no significant changes of TC and LDL-C levels in both groups

after withdrawal of supplementation.
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CHAPTER YV

DISCUSSION

Obesity is characterized by a number of metabolic perturbations such as elevated
blood lipid level, hyperinsulinaemia, insulin resistance and propensity for diabetes
(121). Very few studies have been carried out which address the question of whether
dietary fiber may play an important direct role in alleviating the metabolic aberrations
associated with obesity. An effect can obviously be expected since certain fiber
facilitate weight reduction. On a theoretical basis fiber treatment may improve the
insulin resistance occurring in both obesity and diabetes by reducing the body weight.
It remains to be established whether increased fiber intake by obese subjects will
reduce their propensity for diabetes. Overweight is another factor responsible for the
rise of serum cholesterol levels to above the desirable range. It has been estimated that
the weight gain that typically occurs with aging account for a rise in serum cholesterol
of approximately 25 mg/dL (122) Although fiber has been increasingly recognized as
an important dietary constituent, controversy and confusion still exist about the
physiologic effect of fiber. The results of this study are regarding the effects of

soluble fibers on body weight, glycemic control, and serum lipid profiles.
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Part I General characteristics of patients at baseline

The present study included 35 obese NIDDM patients who had obese class 1,
poor glycemic control and high serum cholesterol levels. Overweight carries a penalty
in that it leads to a worsening of all the elements of the cardiovascular risk profiles,
including dyslipidemia and type2 diabetes. On the basis of data from the Framingham
Heart Study and from other studies (123), it can be concluded that the degree of
overweight is related to the rate of development of cardiovascular disease.

Routine safety parameters and vitamins and minerals status of all patients prior
to the study were within normal ranges which imply that the study did not affect the

health status of the subjects. (Tables 1-9)

Part II Effect of dietary counseling (8-week diet-only)

Prope.r nutrition, including not only food selection but also eating behavior and
eating cues, represents a critically important component of the effective treatment of
obesity. Reducing the amount of energy in the diet from fat is often required,
however, moderating overall levels of energy consumption is also important. Current
recommended dietary distribution for healthy adults consists of 15-20% of protein, no
more than 30% of fat and 50-60% of carbohydrate. In the present study, we found
both groups of patients consumed high amount of fat and low carbohydrate at the
baseline (Table 10-11). Recent data from doubly labeled water energy intake studies
have provided compelling evidence that excessive food intake does contribute to the
development of obesity (124,125). It has also been postulated that high in fat
contributes to excessive energy intake because of the energy density of fat and

because it is poorly regulated from 1 meal to the next, unlike protein and carbohydrate
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(126). Many persons find it difficult to reduce the amount of fat in the diet because it
contributes to the moistness and flavor of foods.

After giving dietary advice, the patients in both groups improved their eating
habits, the mean total energy intake was significantly reduced by 405-583 kcal and the
percentage of nutrient distribution from carbohydrate was significantly increased,
while the percentage from fat was significantly decreased. However, there was no
significant reduction of BW during the diet-only phase (wk0-8) but a tendency to
decrease was seen in both groups. It is interesting that both groups seemed to show
better weight reduction and metabolic control during wk4 than wk8. (Tablel3)
At wk8 of dietary control the mean FPG and TC seemed to increase in both groups
but HbA|. tended to decrease. These findings show that the patients comply to the
dietary advice to a certain éxtent.(69) It implies that tightly regulated food choices and
severe energy limitations create difficulties in patient adherence. It also points out that
giving dietary advice may be effective only during the first few weeks(127).
Inevitably, when there is a change in body weight, the single greatest contributor to
successful body weight regulation is the strength of the dietary support patients
receive and their adherence to that diet. Some medication may be used to support diet

instruction and behavior modification for some people.
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Part II1 Effect of treatments (16-week Fybogel® or placebo

supplementation)

3.1 Effect on dietary intake
Studies in the effects of psyllium on energy intake have shown conflicting
results. Some reports showed no effect (25,100,128) whereas some demonstrated
decreased energy intake leading to weight loss (129). During the treatment phase in
the present study, daily energy intake and nutrient distribution were no significantly
changed over time either Fybogel® or placebo groups (Tables 10-11). These results
may be due to the dietary advice given to the patients before treatment. Food intake

decreased in some studies because of ad libitum energy intake (129).

3.2 Effect on body weight and anthropometric measurements.

The results in the present study indicate that the Fybogel® group still had a
weight reduction effect even at the end of the treatment period as compared to an
increase in the placebo group. (Tables 12-13, Figurel) The sustained significant
decrease in the body weight in the fiber group is in agreement with other studies
(130,131).

The result in this study, BW reduction was only 1.28 kg (1.61%) in 16 wks
Fybogel® supplementation. However, a significant BW loss was reported in only 14
of 58 studies in the literature reviewed by Glore (98) and most of the weight loss were
1 to 2 kg. In addition, the BW of Fybogel® group was significantly different from

placebo. This was due to the significant increase of BW in the placebo group (Tables
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12-13). BW reduction in the Fybogel® group at the end of the study was confirmed by
the significant reduction in BMI, TSF, and BFM at wk24 while FFM was not
significantly changed (Table 14-16). Thus , it may indicate the predominate affect of
fat on weight reduction.

Eleven out of the 17 soluble fibers materials evaluated in the study reported
during the Fourth Vahouny Fiber Symposium in USA produced a statistically
significant or appreciable (>0.5 pounds per week) weight loss when compéred to the
control group or compared to baseline (132). Only 1 of 4 psyllium treatment caused
significant weight loss (132). Some of the factors involved are subject compliance,
time of fiber supplementation, fiber type, responders or nonresponders of fiber
treatment and fiber’s effect.

Subject compliance to protocol requirement may be a problem. High fiber diet,
fiber enriched food and supplements are often not pleasingly palatable (132) and may
not be consumed as required, especially in non-institutionalized conditions. However,
in the present study, all subjects can took the fiber without difficulties be?ause of its
orange flavor. The compliance in our study was very well, 91% in placebo and 88%
in Fybogel® groups. As a rule, energy deficits of approximately 500 to 1,000 kcal per
day should result in average weight loss of 1 to 2 Ib per week (133). The dietary
compliance was monitored weekly with 3-day dietary records. The result showed only
1.28 kg reduction was seen in 16 wks. It implies that the subjects may underreport
their actual energy intake. This has been true especially in obese subjects, in whom
the energy intake has been reported 20-35% below actual intake(130,163).

Very few studies applying a dietary fiber supplement over a longer period of time

have been published (131,134). In long-term psyllium supplementation there were



Orapin Choothawornchaikul Discussion / 84

no significant weight loss reported and those studies were focused on the
hypocholesterolemic effect of the fiber in non obese hypercholesterolemic patients
(135,136). In the present study, subjects were obese NIDDM patients with
hypercholesterolemia, hence, the effect of Fybogel® was seen. Furthermore, when
Fybogel® or placebo was withdrawn at w1;24 the mean BW was significantly
increased 0.74 kg in Fybogel® group at wk32 (Tables 35-36). This outcome
confirmed the effect of Fybogel® in the reduction of BW.

The mechanisnis underlying a possible effect of dietary fiber supplement on
weight reduction remain unsolved. Increased satiety is believed to be attributed to
increased ingestion time. Rigaud D et al.(131) investigated the effect of mixed fiber
tablet in mild to moderate overweight patients for 6 months, found that not only the
weight loss was higher, but the reduction of hunger feeling was also greater in the
fiber-treated group. The increase in volume which fiber mixed with digestive juices
and water products induces satiety signals by distention of the stomach. Turnbull WH
(100) investigated the effect of plantago ovata seed on appetite found that there was a
significant difference in fullness at 1 hour post-meal between plantago and placebo.
There was very little evidence in the literature to support this hypothesis (132).

Delayed gastric emptying time and stimulation of the release of several gut
hormones may also add to the reduced hunger feelings(137,138).A review of clinical
studies evaluating stomach emptying properties of 25 fiber materials shows that 12
delayed stomach emptying, 4 accelerated stomach emptying and 9 had no effect
(132). Jarjis HA et al (145) reported no significant effect of ispaghula (Fybogel® and

Metamucil®) on gastric emptying due to liquid test meal. On the contrary, a recent
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study found that psyllium significantly delay gastric emptying of solid meal in obese
patients by echographic evaluation (139).

There is some evidence, however, that certain fiber materials have either a direct
or indirect effect on several hormones in the small intestine. Selected fiber materials
carry lipids into the ileum and the cecum. Spiller found that perfusion of lipids into
the ileum resulted in an increase in plasma concentration of enteroglucagon,
neurotensin and peptide YY and perhaps other neurotransmitters have been found to
delay stomach emptying and slowing of small bowel transit (132). This phenomenon
has been called the ileal brake. These potential mechanisms may play an important
role in dietary fiber’s possible benefit in weight loss and weight maintenance
programs.

The interference with absorption of nutrients is also believed to be one area in
which fiber is beneficial for weight reduction (132). Increased fecal energy losses
have been reported by Southgate and Durnin (140). A possibility exists that decreased
intestinal transit time may somehow influence absorptive capacity. Read, Jenkins and
Spiller have confirmed that guar gum given with a meal increase the caloric load in
ileostomy reservoir of ileostomy patients (132). A number of investigators have
proposed that some fibers carry nutrients into the large intestine where they will be
fermented and used as energy by the colonic microflora or be excreted in the feces. In
either case this will result in loss of available caloric material to the host and thereby
possibly contribute to long term weight management. Heaton reviewed studies of
fecal energy loss after administration of dietary fiber materials and found an average
energy loss of 100 to 200 kcal/day (132). This is a small but perhaps important

mechanism of action in the benefit of fiber over the long run.
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3.3 Effect on glycemic control

Although preliminary studies in diabetic patients demonstrated reductions
in fasting glucose concentrations (141-143) but interpretation of these studies is
complicated by lack of a placebo control (141), the presence of other disease (142),
and small sample sizes (143). Pastor JG et al (144) found that psyllium reduced rise in
postprandial glucose and insulin concentrations in NIDDM patients. Some researchers
failed to detect significant postprandial glucose blunting when psyllium (145) or soy
fiber (146) was administered to NIDDM patients. This discrepancy may be due to
the type of test meal given with the fiber. In two trials (145,146) in which no effect
was observed, the fiber was administered with a liquid test meal. However, when the
fiber was given as a supplement to, or a component of, a conventional solid food
meal, beneficial effects were found (147-149,151 ).

Abraham and Metha (150) reported no significant reduction of meal tolerance
test with intakes of 21 g/d of psyllium for 3 wks. They explained the cause of lack of
glucose response from the relative nutrient composition of their test meal, which
contained 46% of the energy as carbohydrate while other studies which showed
significant reduction of postprandial glucose used more than 55% of energy as
carbohydrate in the test meal. The nutrient distribution in the present study was 51-
53% as carbohydrate and the long-term hypoglycemic effects of Fybogel® over
placebo in the present study is displayed by the significant reduction of FPG and
HbA |, (Tables 17-20). Furthermore, after withdrawal of Fybogel® and placebo for
two months the mean FPG and HbA,, were significantly increased in Fybogel® group,

whereas only the mean FPG was significantly increased in placebo group (Tables 35-
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36) and the mean changes of HbA;, in the placebo group was also significantly
increased over Fybogel® group after withdrawal. Findings in the present study
confirm the ability of Fybogel® on the glycemic control.

The possible effects of fiber within the gastrointestinal tract include changes in
mixing, motility, and convection; intraluminal digestion rate; thickness of the
unstirred layer; inhibition of maximum transport capacity; alter pH profile; and, with
long-term treatment, altered intestinal morphology (52). Blackburn et al (43) studied
in normal and diabetic individuals, suggested that fibers inhibit intestinal motility and
thus decreased convection. However, studies in humans showed that only with pectin
was there evidence of an increase in the thickness of the unstirred water layer. In
addition, certain high fibers may have antienzyme activity (153). Fiber has also been
shown to reduce pancreatic enzyme activity and decrease pancreatic enzyme secretion
(45,154) and influence the release of gut hormones. The response of gastric inhibitory
polypeptide (GIP), a stimulus for insulin secretion, was more attenuated in healthy
diabetic subjects and in patients with postgastrectomy dumping syndrome after
ingesting fiber-supplemented meals than after control meals (155,156). An interesting
observation has been the demonstration of an enhanced release of plasma
somatostatin with fiber (157). Somatostatin delayed the absorption of carbohydrate
and glucose from the small intestine and could be partly mediating the effects of fiber.
Further studies are clearly needed.

Bacterial fermentation of fiber in the colon generates short-chain fatty acids that
may inhibit fatty acid mobilization and intestinal synthesis and decrease
gluconeogenesis (52). Indeed, this has been the basis of the development of a number

of putative oral hypoglycemic agents. The role of the short-chain fatty acids in
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enhanced glucose utilization, insulin secretion, and hepatic glucose utilization need
further elaboration.

Numerous studies have demonstrated that lowered blood glucose levels after
fiber consumption are associated with either unchanged or lower insulin levels
(78,144,155). These acute effects cannot be ascribed to increased insulin sensitivity
but may be due to the slowed rate of intestinal transit and an attenuated stimulus.
However, the observation in chronic ingestion of fiber was associated with lower
basal glucose levels and decreased urinary excretion of C-peptide (158) suggest an
increased in insulin sensitivity or a decreased demand for insulin. Indeed, in the
studies which has been examined, an increase in insulin binding to monocyte
receptors for insulin has been found (159,160). This effect may clearly have some
importance in the obese patients. The changes in binding, however, must be separated
from those of weight reduction and improvement in diabetes control. The present
study demonstrates the ability of Fybogel®, a water soluble fiber, in long-term
management of weight problem and hyperglycemia in the obese diabetics.

The mechanisms of action of psyllium for glucose reduction in diabetic patients
are probably similar to that of other soluble fibers. Several possibilities have been

considered.

3.4 Effects on lipids profiles

Most of the diabetic individuals have lipoprotein abnormalities. Cholesterol-
lowering efficacy of Fybogel® in this study is seen in the patients with moderate to
high hypercholesterolemia (TC>240 mg/dL or 6.2 mmol/L) (Table 22-23). TC was

significantly decreased by 14.2% in 16 wks of Fybogel® supplementation. Also, the
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trials of oat products suggested that hypercholesterolemic patients were more
responsive than normolipidemic persons (161). Brown et al (162) reported the results
of a meta-analysis of 67 controlled trials confirmed that viscous polysaccharides
significantly reduce total cholesterol concentrations, specifically LDL-C, but did not
alter concentrations of HDL- cholesterol or triglycerides. Davidson MH et al.
compared difference doses of psyllium seed husk for 24 wks showed that the efficacy
of 10.2 g psyllium seed husk/d caused LDL-C 5.3% lower than in the control group
(163). The results from the present study were almost identical to theirs. Fybogel®
tended to decrease LDL-C by 9.5% at wk24 while LDL-C fluctuated in placebo
group and increase by 3.9% at wk24 (Table24-25). And the difference in LDL-C
between Fybogel® and placebo groups at wk24 was statistically significant. These
result are strengthen by the results from a meta-analysis of 12 studies showing that
subjects who consumed a psyllium-enriched cereal had significant reduction in TC
and LDL-C concentrations by 5% and 9% respectively, with no change in HDL-C and
triglycerides among adults with mild to moderate hypercholesterolemia (164).

Evidences suggest that the soluble fiber which forms viscous gel in the
gastrointestinal tract such as ispaghula, appears to be more effective at lowering
cholesterol than the soluble fiber without this property (98). Increased viscosity of the
intestinal contents entrap bile acids and interfere with micelle formation (12). Fibers
bind bile acids and cholesterol which decrease their intestinal absorption and results in
more bile acids being delivered to the terminal ileum and colon. Consequently, in the
colon more primary bile acids (cholic acid and chenodeoxycholic acid) are converted
to secondary bile acids (deoxycholic acids and lithocholic acid) which are less well

absorbed and consequently are excreted with the feces (165,177); less bile acids
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(especially the primary ones) enter the enterohepatic circulation and return to the
liver. More bile acids are synthesized in the liver to replenish the primary pool.
Everson showed that 15 g psyllium per day increased total bile acid synthesis by 43%
in the hypercholesterolemic men (165). Since negative feedback on hepatic bile acid
synthesis exerted by bile acids is diminished, more cholesterol is synthesized in the
liver to meet the need for more bile acid synthesis(12). Presumably, less cholesterol is
available for incorporation into lipoproteins because of the demands for bile acid
synthesis (more fecal excretion of secondary bile acids and more hepatic synthesis of
primary bile acids). It has been suggested that soluble fibers may alter sterol
metabolism by increasing ileal and fecal losses of bile acids by their sequestration
(166).

An alternative mechanism for the cholesterol-lowering action of psyllium husk
was suggested recently by MaCall et al (167) who measured the metabolism of
apolipoprotein B in African green monkeys after long-term addition of psyllium husk
to the diet. They suggested that the cholesterol-lowering effect was due to a reduction
in LDL-synthesis. Moreover, the resulting reduction in the cholesterol content of liver
cells lead to an up-regulation of the LDL receptors and thus increased clearance of
LDL-C.

However, increased bile acid excretion may not be sufficient to account for the
observed cholesterol reduction (168). Other suggested mechanisms are in colon.
Dietary fiber differs from most nutrients in that it is not digested or absorbed in small
intestine and provides nutrients only after being fermented by bacteria in the colon
(169). Fermentation of fiber in the colon yields carbondioxide, hydrogen, methane,

water and short-chain fatty acid (SCFA). Acetate, propionate, and butyrate were the
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principle SCFA produced and are largely absorbed from the colon entering the portal
vein. Chen et al (170) demonstrated that propionate inhibited hepatic and peripheral
cholesterol synthesis and accelerated LDL-C clearance in cholesterol-fed rats.

Psyllium is a preferential substrate for Bacteroids ovatus , a normal bacterial
component of human fecal flora (171). It is possible that consumption of psyllium
resulted in relative increase in these bacteria and induces other species of bacteria or
alters enzyme activity. Such changes could have altered the rate of bacterial
degradation of cholesterol.

In the present study, HDL-C levels were not significantly different over the
time and between the treatments (Table26-27). Also, the results of the meta-analysis
(164) and most study (162) HDL-C levels were not affected by incorporating
psyllium-enriched cereal into a low fat diet. Levels of HDL-C are inversely related to
the development of coronary heart disease. Because low HDL-C levels (<0.9 mmol/L)
are now recognized as a major risk facfor for CHD, interventions that protect or
elevate HDL-C are desirable (56). So Fybogel® is quite effective in reducing TC,
LDL-C without changing HDL-C.

Agree with those previously reported, Fybogel® did not significantly reduce
triglycerides in this study. Nevertheless, we observed mean triglycerides tended to
decrease in Fybogel® group whereas in placebo group it tended to increase. Because
of the large individual variations of triglycerides, there was not seen significant

change between two groups.
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3.5 Acceptability and safety of F ybogel®
The major disadvantages of increased fiber intake relate to gastrointestinal
symptoms. Theoretical concerns about detrimental effects on vitamin or mineral

availability have not been documented.

3.5.1 Acceptability of Fybogel®

Increased fiber intake increases fecal bulk and usually increases frequency
of bowel movement. Individuals with autonomic neuropathy of the gastrointestinal
tract need special consideration. Increased soluble fiber intake may benefit diabetic
diarrhea and also promote laxation for individuals with constipation. In our study,
Fybogel® may have a beneficial effect in some diabetic individuals with autonomic
neuropathy. Three subjects who were constipated could easily defecate after
receiving Fybogel®. Increasing the intake of soluble fiber is an accepted method of
treating constipation. Psyllium passes through the intestine undigested, to hold water
on their hydrophillic sites and thereby stools become bulkier and softer. On the
contrary, two subjects who had diarrheal problem complained of more difficult to
defecate softer taking Fybogel®. The problem was resolved after more water adding
~during the mixing process. Eherer AJ et al. (173) reported 18 g/d of psyllium
improved fecal consistency, double fecal viscosity, and increased the fecal output of
water, cations, and solids in subjects with experimentally-induced secretory diarrhea.
The mechanism of this psyllium effect is not known. However, psyllium may have
sequestered fecal water and thereby decreased the relative amount of “free” water

available to interact with other stool solids. On the other hand, psyllium forms a
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viscous gel when it is added to pure water,’ so the psyllium effect on stool viscosity
and consistency may be related to its gel forming property per se.

Although fiber supplementation was associated with a few gastrointestinal
symptoms, no major adverse effects were noted. No cases were serious enough to
cause a subject discontinuing the study. Adverse effects reported were generally
related to minor and transient gastrointestinal discomfort such as gas, bloating at the

beginning of the study.

3.5.2 Effect of Fybogel® on vitamin and mineral availability and safety
parameters
The effect of dietary fiber on vitamin and mineral balances continues to be
a controversial issue. The mechanism by which dietary fiber influences the vitamins
and mineral absorption is related to its physiochemical properties. These properties
involve the ability of dietary fiber to act as a weak cation exchanger, decrease transit
time, dilute mineral concentration by increase fecal bulk, and resist digestion in the
large bowel (172).

Nevertheless, it is possible, especially with diets rich in phytate and insoluble
fiber, that absorption of calcium, iron, and zinc could be impaired and result in
deficiencies if used for a long time in susceptible individual (52). However, there is
good evidence suggesting that adaptation can occur in response to eating diets high in
dietary fiber. No changes in blood levels of macromineral or micromineral were
observed in long-term studies of mixed high fiber diets (86) or soluble fiber-
supplemented diets (88). The clearest evidence, however, has come from monitoring

vegetarians (172) , who are able to adjust to a high dietary fiber diet and maintain

43943
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mineral status comparable to that of nonvegetarians. This adaptation may depend
partly on the degree of dietary fiber degradation by large bowel bacteria followed by
the absorption of liberated mineral (172). There were very few studies focus on long-
term vitamin or mineral status of psyllium supplementation. Enzi G et al. (174) found
that_ plasma iron and calcium levels were significantly reduced after 1-month
hydrophillic mucilage treatment but after 4-month treatment, the values of plasma
iron, and calcium did not show any further decrease and kept constant throughout the
trial. They discussed that the decrease of plasma iron and calcium in the early phase
of treatment may be due to the effect of limiting the energy intake 800 kcal/d. The
recent studies reported no significant changes on serum iron or zinc levels of psyllium
supplementation (64,175). In term of vitamin status, Dennisson et al (176) reported
blood vitamin A, D, E, and folic acid were not affected after 5-wks psyllium
supplementation in children with hypercholesterlemia. However, the patients in the
present study consumed more energy and nutrient intake. Hence, vitamin(serum
retinol, «-tocopherol, vitaminB,, vitaminB,, vitéminC, vitamin By, folate and RBC
folate) and mineral (serum calcium, magnesium, phosphorus, iron, zinc and copper)
levels showed no significant changes after 16 wk of Fybogel® supplementation.
(Tables 28-29). Furthermore, since Fybogel® contains only trace amount of phytate,
therefore, did not interfere with the absorption of vitamin and mineral.

Fybogel® did not cause any adverse effects as confirmed by the normal
hematological parameters, liver and renal function tests, protein status, and

electrolytes.(Tables 30-34)
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Soluble fiber intake can be increased by eating more fruit, vegetable or oat bran.
Certain bulk forming laxatives are also high in ﬁber,» convenient, and relatively
inexpensive to use. Of these, Fybogel® containing ispaghula husk appears to have the
good hypoglycemic, hypocholesterolemic effects and reduce or maintain body weight

in the long term. Fybogel® is well accepted and associated with no major side effects.
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CHAPTER VI

SUMMARY AND CONCLUSION

Summary

1. The baseline daily energy intake of Fybogel® and placebo groups were 1,705
* 157 and 1,780 % 143 kcal. Both groups had low carbohydrate intake and high fat
intake.

2. After dietary counseling, mean daily energy intake was significantly reduced
405-583 kcal in both groups throughout the study. Percentage of energy from
carbohydrate was significantly higher and percentage of energy from fat was
significantly lower than the baseline period in both groups throughout the study.

3. There was no significant reduction of BW in both groups during diet-only
phase (wk0-8). During treatment phase (wk8-24), the BW was significantly reduced
in Fybogel® group at wk20 (0.88 kg) and wk24 (1.28 kg) whereas the BW was
significantly increased at wk24 (0.89 kg) in placebo group.

4. The BMI and BFM were significantly reduced at wk24 from wk8 in Fybogel®
group but increased in placebo group. The TSF was significantly lower from wk12 in
Fybogel® group at wk24 but it was not significantly changed in placebo group. The
MUAC, UAMC and FFM were not significantly different in both groups throughout
the study.

5. FPG was not significantly different during the diet-only phase in both groups.

During treatment phase, FPG of Fybogel® group was significantly decreased by 35.0
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mg/dL (16.1%) at wk24 whereas there was no significant reduction in the placebo
group. The change of FPG from wk8 between the two groups was statistically
significant at wk16 and wk24.

6. HbA,, was not significantly different during the diet-only phase in both group.
During treatment phase, HbA,. in Fybogel® group was significantly decreased from
10.1 at wk8 to 9.0 at wk24 (10.12% reduction) whereas there was no significant
reduction in the placebo group. Changes of HbA,. from wk8 between the two groups
was statistically significant at wk24.

7. TC levels were not significantly changed in both groups either during diet-
only or treatment phase. Hypocholesterolemic effect of Fybogel® was seen in the
moderate to high hypercholesterolemic subjects (TC>240 mg/dL at wk8).TC level in
Fybogel® group was significantly d¢creased from wk8 by 41 mg/dL (14.2%) at wk24
whereas there was no significant difference in the placebo group. The change of TC
levels from wk8 between the two groups was statistically significant at wk16.

8. LDL-C levels were not significantly changed between times in both groups
either during diet-only or treatment phase. The changes from wk8 of LDL-C levels
between the two groups were statistically significant at wk24.

9. HDL-C and triglyceride concentrations were not significantly changed over
time in either within group or between groups.

10. There were no significant changes of vitamin and mineral status after
treatment with Fybogel® and placebo.

11. There were no significant changes of routine safety parameters after treatment

with Fybogel® and placebo.
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12. After withdrawal of the treatment for 2 months, BW was significantly
increased for 0.74 kg in Fybogel® group while it was not significantly changed in the
placebo group. FPG and HbA . were also significantly increased for 42.1 mg/dL and
1.1%, respectively in Fybogel® group, whereas in the placebo group, FPG was no
significantly changed and HbA . was significantly increased 0.48%. These confirmed

the effects of Fybogel® on weight reduction and improve glycemic control.
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Conclusion

In the present study, all subjects were obese class I NIDDM with
hypercholesterolemia which were high risks of having cardiovascular disease. Their
high fat and low carbohydrate intake were improper nutrition. Although after dietary
advice, the subjects improved their eating habits but it seemed work for the first few
weeks only. BW, FPG and TC levels tended to decrease in wk4 more than wka8.
During treatment phase, the result showed significant weight loss, improved glycemic
control in Fybogel® group whereas there was no significant reduction of BW, FPG
and HbA,, in the placebo group. Hypocholesterolemic effect of Fybogel® was seen in
the subjects with moderate to high hypercholesterolemia (TC>240 mg/dL) only. LDL-
C levels tended to decrease after Fybogel® treatment and a significant difference was
present when compared to the placebo. Fybogel® treatment did not affect on serum
levels of HDL-C and triglycerides. In addition, the vitamin and mineral status as well
as the safety parameters were not significantly changed after Fybogel® treatment.

Nutrition counseling is important as part of the treatment for those patients
suffering from obesity, diabetes and hypercholesterolemia but certain medication may
be needed to support the diet instruction and behavior modification in some patients.
Fybogel® containing ispaghula husk appears to affect weight reduction or

maintenance, improve glycemic control and reduce hypercholesterolemia in the long

term.
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APPENDIX I

Example for dietary record
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APPENDIX II

Food record form
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APPENDIX III

ANNEARYBIMINIUANDIHIFABNI N T IAINNY

. o o 4
mamuguomsianudeyn dmsuddulsanmau msedumenilsveslsn
1 4
4 L] é A 1
wvam fie s Tasmwzemsdmanuds 411 uazriine Fedwmelianansaldindy
YszTewlIdaun SeiududestinsniuguivedlulSuansumess 1418 menaugueins
:s’,’ v o @ a o a - ¥ ¥
flzdiumstsaamaiauvesdugeu lumswanees luudugauliiosnsdae
Hegtiumsauguemis szniuninludvesnmsaruguilsuiumidesnui 1diuenn
smsaniimsaugulSinawesemssman §1 utl dissedader msmuguemse
[ 99/ d: Qs U e 4 A& : o/ L4 :
frelididiulsamaididminasaseglunudinasg Fulerhminanas szambam
& =] ¥ ot a 3 L) 9 3
Tudeafiiznduguadld usnvimiunsmiuguemisisaansumsndoudesvessa
& i dy o o v P} LY 3 Q 9 9 [}
MU Isaunsngeuileliduasieunni lsavesumnueadsen fuiusedeadilen
e hod ] A o Q 4
Nitres Mdensnedienso lifian  mInuguemisdlusSesddgiiqe Gflulsawmau
14
sfequussanveznduganzladld Sennsodldhaaludenasas Taedsnudfialums

[ o 9 o A
augues asefudw §nli18nuguemis ensvesTsaeveshisuguuseld

QAN IBUBINIIAIVANDINIY

& o L4 Ov 1 24 =
1. welieusesaszdnihmaludenldegluszdulng
& 9 W a oW { [ 1
2. Wenugy niediialSnamdsnun dSunnemisldegludSnauwemue
Vv
Humsmuguiimind degluseduinasg
& ] 9/ ] & = g 9/ ¥
3. iWevwaanzunsndouasgderudatuludgihelsawmau Taomwelsn
¥ A ] A =t < o A 14
unsamaduiden wu savasadeaduuds Isawlevadon dudu
A& L o a A A A :
4. Woswilosfusmsnuadd esnnanzarudiunsaludeags nieaneth
aaludoaduniuly |
A v 9y Y 9 ]
5. el umeldsumsemisasuaunnudesnsyesone
A a o '
6. wogwliidulsawminu Hquamudwss aunseldFianziaudien 14

milouaunasssuama



Orapin Choothawornchaikul Appendix / 126

A ° w9
msienemsamsuditulsnannny

msmuﬂnmms‘lﬁ'lﬁwm‘fu Afhulsawmnuaisedeudeniuilsemuems i
LY Fainaunzszmmvesemms TaedoniudsznmlasuyamunludSunadine
VIE

weselumsidenemsldifiuly1dhe azanuazgndes dimssuunemiseen
fu 6 ma ausenmsetmsuandeu i Tsaumanuashanudlefusemsems
nanndenldaideten Meliisnldemmsuanienlumnadeduldgndes uazifiuns
Frulideemnsndonsudlsznens ldnanewiia wenoniTuiiu lsnwmamias e

¥ Y Ll lJ Y é
N naundsTulszmue s luuraznuawi s ludunile

L nauy

wfluenmsnTdse Tenidesame UszasudeTulsdu luiu milulanse indous

wagdniiu uuaanvenuiesnmall 2 ¥iia fio unrilade wozsiannu fiulsawmanu
o A A 1 o ot o Y o v a

assudsemunuriiadaminiu uazvindios uudenlouda ansewes 1n1d Totadu uaz

14 ] 1 3

wdunu uennmiuud il lvdudunugdwmdudidauuas i luduludongs wuaiindl

~ v T ~ A v ] @V 1t 0 1] A' s
fgmmhduuustiaou ud 1l lviu Sl g uuas lumu leduluden
2. BUIAND

1 4
ApdiaaiY uazindeusge Sanwn Semassudsemuinnn o ednaauazAngn
Taomwzdndsennly  awnsnfudsenmldunaanudesms msfudszmuineesae
TdnnluszezusnvesmsSuainguemis mswedomulsuuemsildouldum i

14
g ©

v 9
#51 uenninumnludnzdelhihmagngadu lddosas Seihldszauihmaludonls
[

vy
Q

1 Naderaelivios laign
3. vapaualsl

wa Idez I iiunasndieusd1en wa"lﬁﬁtfmmagﬁﬂﬂﬁmmﬁ asseinsedalu
maideniutsznm waldnedafisannuie GiuTsaumamutinamindes mazesih
Wszduhmalufenge udersulssmudiondndes walfuneviiafithiaalimniang
susznmumuinouifmuald mewdudssnmanniuly ferwsziihhaahudon
galduiiu wennmiuranszios wa lffigeudsdaeihae sy dew nu uity Aas

L d‘ 1 =} 4
NANBUUTUINGINU



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 127

4. vanada udle Sy
& 4 : o M
uemsfilias Tulewsaun dssmoamnsafendhnihmaldtoms Jidiu
as csy dy Hq ¥ o Y e
Tsannmumusiutlszmuemsmnil Idnnllomsiedivemsilindson udlians
L4
futsgmuanaiuly meweedliseduhnaludengeld ashifamssudlsenuems

3 [] v
nwaniiWegludsuandmua Idminiy
P
5. HIAlHe

¥ ¥
ilodadez 1 ldsAu Rmasfudsemuiiledatifeswefuanudssmsvesiiame
A a a 1 v a df o daw ) a A QW
wemsni gy Tauazdouusuduidovse ledainsudsenunsdenytiai lufaiy
v @ d a I o o o/ ' 9 9 v [ H
arssamilsdainnatin wu mileny widla wilela dudu faeoghinsiudsznuliung
v @ 3 9y a d' (% = 3
waniuag 1 Wos msweziliifannzunsndouetuvasaiton 14
6. vsnaluiiu
k4
amsnaiiez Idndsenazanudou mefudsemuliwemmng ez i dnds
¥ 14
nuimuzaufuszaumsauguimiingadie Siudsenmanafuldsehlidw uen
v ] ] v jd
niniumsdsunnmslFluiunlfandad wu ddunyunldunniniudisluamsly
14 1 4 k4
pmsuny s iiuiyezsetiestiuhililuiuludengs @nduihsiuuendn dniu

1hdy uagnzi)

4 ° a um 9/ o o
Teuuzihmsufiaaulumsldormnsitalsawinnu
& o 4 ¥ = v
1. ddulsaunmamsuiiussfemsuuazdledsgajsmnsussmsaiugueinms
2. Aiulsawmnuaisiulsenuemisiigndes TaudenlszinuaziSunm
813 IWmg auungasaldnemsemsuanlfeunnaunudu 18 luns
A
Henoms
3. Adlulsammnumsiudsmus s dunaedwaduave
4. andulszmudnung Tasmwizdndszianlu lidhwedudnaaniedngniaw
a4 o ar [] 4{ v Jda @ Qr " o 1
5. aavdndse il luliuge u dedad@adu mimy wiufla wmisls
iludu
] [ v |4
6. misnandesluiunldondad wu Juny lh wazulBeunlhiviuRsumu
v b4 ¥ 1 4 v
wu hdudn Ina dhdudanies sndutihsiuuenin dduthds uagoedi
a A @ 9
7. Arsvanssvuund Taemssudlsemuna ldaauny

] 14
8. MIsnandeImsAnhmannetaasluems



Orapin Choothawornchaikul Appendix / 128

o A A A Haqad ¢
0. msvandsunieuiildima thdany uazueansed
A ' ; S a A o H
10, dafiomsseumds dedu ledu fir wazmlesenldsufulsenmuhmariun
1 :‘ 4 { Ow ; ) é 3
@ v wedil mswduemsithhmaludeaduiull Fuflunneh

DUATININ

MIA0NBIMNT
; ' 4 o d
wiseendluniadsgausienmsemisuanlasuasil

= A = o a o 1Y '
pIMsuanlasu Aoomislunnadendu ludSuanidimuassIdguen

o Tnsmdelndimesty SeansananalfounSounuduld msldsemsemsuannlasu
Sumsidiheransadeniudsemueims ldvmoeeila

pvis TumyiRendu 1 dau exldndenuuazansemiswinu

Y ] [] Y | t 9} T 9 9 =1 @ A A = Y
#0619 U SRy 1 dau 019 18ua S 172 §2ea29 130 1 9IWA nTeYULTIU 2 §Y
9 b4
oSt 2 ¥iiad SUSusuanarsiu ualdmsemsuasndanuniiu Seenunsoldunuiu
18 drdmualiius Tnnsaity 1 dau ondeniutssmudnaiy 12 favans (1 iwdl) niesu

Ysemuvundu 2 3uald



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 129

o ;
omnsuanilasmilszianmag

9/ [V - ]
1)_visnadna, udls, Sy
§712 1 dau W Tdsau 2 ndu, ans Tu'lamsa 15 nSy, Masau 68 unass

PSanmvesdn, utls, Faite 1 da Hlduanaldouiu 1dud

BNV, 1/2 §28m29 M50 65 51 130 1 YInA
+
AARUITN. ...veerrerereeerirereaeee e ser e e 112 §10929 %30 65 N3N
USHULN. coevverirmcreereneersrenenennsesenereresesssessamesen 12 §70m73 130 65 NN
TARETITGN. oo 1/2 §16m24 158 65 N3U
BUITU oo e s e stestesresaestesaesteeeaeebesteeaesseraesaesaesnennennn 1-2 §u
3 ] o
VUNTN . e 1 UHU Y30 25 N3N
24 4 ] [ - | v =]
UL TNNTOUNTOUATANDS .o, 1 uiulng 130 2 uduidn
YUt uaLes oS AUNTNEONABAT ... 1/2 fiou
TN e+t s s neae e 1 ¥2@n 130 1/2 $roane
S, ...\ . W QN \S-F & S .. 1 ¥udin
UGN, ... ceeveeesceeeeeeee e ss e sss et eness e esre s ee s 1/4 $1om29
TOL NN NCYSN S M ... AR K 1/3 828829
INTAGN. oo 7 1/2 #n n3e 173 §romas

13
o o

f2@egn e fadign ne Humegn wio Hamdegn................. 112 B8R

nﬁ” v d 1
2. ranauiledaluayly

‘g 1 L L% o [-] Qs d’
o 1 auliTasdu 7 o3y, Tudu 5 0¥, Mdeau 73 uaaos

9/ y ]
Sinaweaiedad 1 dwnlduannldeuduldun

fhomy 1308 1o 30 130 Wi 2 Soulhy wie 14 3widn
B e eteeetes ettt en et ee s enie e s bt s s ben 30 nfu nde 5 5u
ilorlan, oy, M08 30 n5u n30 % faomae ne 2 Jouldy
ettt 1 Woelng)
BTN 1-1 1/2 w¥i
ARUUIANAT. ..ottt b et era s 6-9 A2
UAMUUIANA N, ettt ere e er e esn e 163

IR, BBU. et et asees v, 100 N5 130 3/4 N



Orapin Choothawornchaikul Appendix / 130

1 4

d o L)
BIIARDG, BT 65 N5U U530 1/2 FU
BUBIEG. ..ottt et e b et sine e 30 N3y

0” L4 tg ew 4 4 * ow L4 o/ 1 Y o r
vinowe vhyinvesdisfnimiinveuilogn uaz lisnniminveswis wu misdla misls

Hudu
3. HIIAAN
w2 dszom
3.1 fn .
a 1 Yo @ 9 28 o« 9/ 9
fnn. 1 daulihdenudesunn 3asudsemuldaudnams
Qs 9/ Y 3 +
AnAzT nnaale HAIN
17 9 ] 9 a
ANIINAY vo 19 NLALNBAL
ANMATHAA 1S Wiaea uIBA19Y
AnARg MG ia e
indle 92 ANNZmA
3, o
U9 e 724900
9
ADANUTY i Anvzoy
nevdnla
3.2 6 .

fin @, 1 daulilalsau 2 nfy, s Tu'lawse 5 nfu fdeau 28 uaass (WSuudn v.

1 dau Wiy 172 228979 159 100 nTL M50 2 Fiwidn)

Hnneq mAaf U EZ LT
FN) f9Hne? azie
dy o LY
luaman ABNLA MINDNIALAY
nour Ing) fun WaRnAAmans

4. vanawall
wa'ld 1 dau Warflulemsa 10 ndu, Adeen 40 unaos
Wama'ld 1 daudilfuanalfousu 1dud
BIITIDU oo eeeeeeeeeeee e ee e eeeeeenaeeen o 1/2 W

S
AU oo 1m0



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 131

T e et 40

V3| RO UROU PSPPSR ORI P PSP 2w
9/ & ﬂy o

BEALND oo oerreeereeeeereeeeeeeeeeasins 172 879929 138 6 FUVUIAR

YL OO POOUOUORRORTROPP ORI 2 W lvg)

IR oo ataeeserestaneasastneeaassaraneensannreas 1/2 @

14

T X} CUIUUUUTTUUU VTR TUPUTTRURR oo 1 §18m29 3D 10 FUVUIAM

NVIT e oot ee e r et e ar e enraaae e 2-4 Ha

S0 s 1/4 HANA M5B 40 NSU

NI oot e et e eveeue e e eeteanbaeerannne s 8 W

24

U oo e e e s eae e rer et e ene s s arenean e e baenee e 4 Ha

B IV ITH e ee e e e e e e e e are e eraneeees 1 WO

Y

B BN et tee e e e et e s eatraeeennaeenns 1 wa

B0 oo eaes 2 AR N30 1/4 AN

Qs - Ay o

UV TR e reeeeeeee s 1/2 §188129 150 6 FUVUIAM

TER1 1511 OO TR TRUTUUPUUURRR 1 wadin 3o 1/2 walng)

9 s/

TR U oo eeeeesseeeeeeesibeserraeeenns 1/2 fe979

3

T TUUZ TR oo eeos s ee e e ere et e s aeneensenes 1/3 S84

Wa NnI590

] P~ ] 9 v ° ¥ 9/ +
DU, NITOU, DTYA, UTUWTN, UDBYUI, YYU, #'le, qnina, QANIU, ooe, wo linsedles, wa

18818931, wa ldfusdy, walfigow, wa'llinau

5, ¥iyae Justu

Va1 dau Wiy 5 nsu, Mdsau 45 uane3

9 E4
TUNS e 1 Four L A1 FRTTTUR 1 FouImN
v
(U8, MINT U 1 ¥ ARAYIY. e 1 Fouldy
o
BRI oo eeeeer e 1%u asulanmun............. 2 Foulae

14
QW

1 1 1 4
Yashfinasam - hiuny, hifusendn, shiuthdy, ned, Suny, nileld, mioy, miada



Orapin Choothawornchaikul Appendix / 132

6) HUIAUN

uy 1 oau W Tds9iu 8 nsy, Tadtuio nsw, ans Tulewmsn 12 asy, Mdseu 170 uaaes

UNAATTTUR Y. e+ eveee e ereerereeeeeeeeeeana 1 §78A29 1130 240 T
e U 1 828079 30 240 &%
UUTEMO. ..o 1/2 8780724 139 120 &%
UUH oottt nen e 1/4 d1um79 50 4 Fou e
s T e 1/4 fem79 50 4 Foulhy

* } ar [ o o o @ o
u T Tt 1 dau a1 Talsiiu 8 nf, s Tulemsm 12 ndu, Sideau 80 uaass

4' A a 3 9 [ 4 B 9 o A
HUNAINA @ UBNAUUHINEG, HUVUNIU, uN%BﬂIﬂLLﬂﬂ, TNIDIUDT, Iﬂiﬂ, Iﬂ?ﬂﬂu



Fac. of Grad. Studies, Mahidol Umv M.Sc. (Nutrition) / 133

=
i]ﬂﬂ1iﬂ1ﬂ1‘§lmﬂ!ﬂﬁﬁm 6 1IN

fdaa 1,000 unae3  (Usfiu 20 %, lusiu 30 %, ailulamsn 50 %)

Auuld it
1. udls 5 dau 1. udle 6 dau
240 4 GO 2.1 5 au
3. lualu 3 dau 3. luslu 3 du
4. Uy (Wiosluwmey) 1 - dau 4. uN (Wi0uME) - au
R GICHED) 2 dau 5. fn (AN 9.) 2 au
6. wa'ldl 2 dau 6. wa 13l 2 dau

vnevg : - An 0. Wzl = lisidadwau
hea@eld =2 4eun

43943



Orapin Choothawornchaikul Appendix / 134

APPENDIX IV

Determination of glucose

The levels of glucose in plasma were determined using the enzymatic
method described by Barham and Trinder (Barham, 1972). Plasma was obtained from
blood, which was preserved by the glycolysis inhibitor, sodium fluoride, mixed with
 the anti coa.gulant, calcium oxalate. Glucose oxidase (GOD) catalizes the oxidation of

glucose in the accordance with the following equation:

Hydrogen peroxide formed was reacted with 4-aminoantipyrine and 4-
hydroxybenzoic acid which was catalized by enzyme peroxidase (POD) as the

following equation:

2). H,0, + 4-Aminoantipyrine + 4-hydroxybenzoicacid -
N-(4-antipyryl)-p-benzoquinone imine.
Since the amount of quinoneimine dye formed is in molar equivalent to the
amount of glucose, the concentration of the dye in the test tube would represent the
amount of glucose in the specimen. The dye concentration was quantitated by
spectrophotometer at wavelength 510 nm. Glucose concentration was calculated
according to the following equation:
Glucose concentration = (A*100) / As
Where A is the absorbance of the specimen reaction tube and there was 100
mg per deciliter standard glucose in the standard reaction tube. The amount of glucose

concentration was expressed as mg/dL. Appropriate dilution was made if the specimen
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contained high level of glucose. When a series of hourly plasma glucose of each
individual were analyzed, the area under the curve plotted between the glucose
concentrations against the time of blood withdrawals can be calculated using computer

integration (Wolever, 1986, Komindr, 1987).
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APPENDIX V

Determination of glycosylated hemoglobin (HbA,)

Glycosylated hemoglobin in whole blood samples were measured at
Hematology Laboratory, Ramathibodi Hospital by utilized the principle of ion
exchange high performance liquid chromatography (HPLC) according to the method

of VARIANT " Hemoglobin Testing System HbA ¢ Dual Kit.

principle of the procedure

Hemolyzed samples are maintained at a constant 12°C + 2°C in the
autosampler chamber. The VARIANT’s two dual-piston pumps deliver a programmed
buffer gradient of increasing ionic strength to the system. Prepared samples are
automatically injected into the analytical flow path and applied to the cation exchange
column, where the hemoglobin is separated due to the attraction of the hemoglobin to
the column material. The separated .hemoglobin then passes through the flow cell of
the filter photometer, where changes in the absorbance (415 nm) are measured,;
background variations are corrected by and additional filter at 690 nm. A built-in
integrator performs reduction of raw data collected from each analysis. A calibrator is
analyzed with each run to adjust the calculation parameters for the determination of
HbAc. A chromatogram of the changes in the absorbance is plotted versus the
retention time. Each chromatogram printout is accompanied by a report identifying

each peak detected, plus the relative percent and retention times of each peak. To aid
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in the interpretation of results, windows (e.g. ranges) have been established for the
most frequently occurring hemoglobins based on their characteristic retention times.
Prior to analysis, a simple preparation of the patient sample is required to hemolyse

the blood and to remove Schiff base by incubation at 15-30°C for 10 minutes.
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APPENDIX VI

Determination of serum total cholesterol

An Enzymatic-colorimetric method was employed to measure serum total
cholesterol by using Boeringer Mannheim Monotest cholesterol Kit (Cat. No 236691).

The test principle are as follow (Monotest, 1982):

cholesterol esterase
cholesterol ester + H,O % cholesterol + ROOH

cholesterol oxidase
cholesterol + O, » A‘-cholestenone — H,0,

peroxidase
2 H,0; + 4-aminophenazone + phenol >

4-(p-benzoquinone-mono-imino)phenazone + 4 HO

Boeringer Mannheim reagents

Tris buffer (pH 7.7) 100 mmol/L
Magnesium aspartate 50 mmol/L
4-aminoantipyrine 1  mmol/L
Sodium cholate | 10 mmol/L
Phenol 6 mmol/L
3, 4 dichlorophenol 4 mmol/L

Hydroxypolyethoxy-n-alkanes 03 %
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Cholesterol esterase >04 U/mL
Cholesterol oxidase >025 U/mL
Peroxidase >0.2 U/mL

Procedure

Dissolved 31 g of buffer cholesterol (Cat. No. 236691) with 500 mL
distilled water. The reagent solution was ready to use after 10 minutes and stable for 4
weeks at 2° to 8°C

1 mL of reagent solution prepared above and 0.01 mL serum were added
to test tubes, and incubated at 37°C for 10 min. The absorbance of and sample were by
spectrophotometer at wavelength 500 nm against the reagent blank (A A) within 60
min, K

The standard cholesterol concentration of 100, 200, 300 and 400 mg/dL
were prepared and treated the same as sample.

If the cholesterol concentration exceeded 700 mg/dL or 25.9 mmol/L. O.l
mL of sample was diluted with 0.2 mL of 0.9% NaCl solution and assay was

repeated. Multiply the results by 3.

Calculation

Cholesterol = 5.17 x AA (sample) (mmol/L)
AA (standard)
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APPENDIX V11

Determination of high density lipoprotein cholesterol (HDL-C)

The method of Bustein (Bustein, 1970) and Lopes-Virella (Lopes, 1977) were
used for the determination of HDL-C. The Chylomicron, very low density lipoprotein
(VLDL) and low density lipoprotein (LDL) are precipitated by addition of
phosphotungstic acid and magnesium chloride. After centrifugation the supernatant
fluid contains the HDL-C fraction, which is assayed for HDL-C cholesterol liquicolor

test kit.

Precipitant
Phosphotungstric acid 0.55 mmol/L
Magnesium chloride 25 mmol/L
four parts of precipitant were distilled with one part of distilled water.

This precipitant was stable up to the expire date specified when stored at 15° to 25°C.

Procedure

Add 200 pL of serum and 500 pL of precipitant were pipetted into centrifuge
tubes. The solution was mixed and allowed to stand for 10 minutes at room
temperature and was centrifuged at 4000 rpm for 10 min.

After centrifugation, separate the clear supernatant. from the precipitate within 1

hour. Pipette 100 pL of supernatant and the cholesterol content was determined by the
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enzymatic colorimetric method as already described. The standard cholesterol
concentration of 10, 25, and 50 mg/dL. were prepared and treated as same as the

sample.

Calculation
HDL-C = 5.43 x AA (sample) (mmol/L)

Estimation of low density lipoprotein cholesterol (LDL-C)
LDL-C level was calculated from Friedewald’s formula (Friedewald,
1972) as follow:

LDL-C= total cholesterol — (triglycerides/5) -~ HDL-C
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APPENDIX VIII

Determination of serum triglycerides

Enzymatic hydrolysis of triglycerides with subsequent determination of the
liberated glycerol by Boeringer Mannheim Triglycerides GPO-PAP Kit (Cat. No.
701904) was used to measure serum triglycerides (Peridochrom, 1982). The enzymatic
reactions are as follow:

lipase

triglycerides + 3H,0  —————® glycerol + 3 RCOOH

glycerol kinase
glycerol + ATP ——— > glycerol-3-phosphate + ADP

glycerol phosphate oxidase’

glycerol-3-phosphate + 02
Dihydroxyacetone phosphate + H,0,

peroxidase
H,O, + 4-aminophenazone + 4-chlorophenol ——»

4-(p-benzoquinone-monoimino)-phenazone + 2 H,O + HC1

Boeringer Mannheim reagents

Buffer solution
Tris buffer pH 7.6 0.15 mmol/L
Magnesium sulphate 175 mmol/L
EDTA, disodium salt 10 mmol/L

4-chlorophenol 3.5 mmol/L
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Sodium choleate 015 %
Potassium hexacyanoferrate (II) 6 pmmol/L
Hydroxypolyethoxy-n-alkanes 012 %

ATP ' >0.5 mmol/L
4-aminophenazone 0.35 mmol/L
Lipases 23 U/mL
Glycerol phosphase oxidase >25 UL
Glycerol kinase >02 UL
Peroxidase >0.15 U/mL

Procedure

Immersed one reagent strip kit (Cat. No. 701904) in one bottle of buffer
solution contents of 32 mL and stirred the bottle contents for 10 second. Allow to
stand in solution for 5 minutes, stirred once again for 10 second, and then discarded
reagent strip.

: 0.01 mL of serum was added to 1.0 mL of reagent solution prepared
above to the test tubes. The test tubes were mixed and incubated at 20-25 °C for 10
minutes, the absorbance of the sample were read against the reagents blank (AA)
within 60 min. at 500 nm.

If triglycerides concentration exceeded 1000 mg/dL or 11.4 mmol/L, one
part of sample was diluted with 5 parts of 0.9% NaCl solution and repeated assay.
Multiple the result by 5.

Calculation

Triglycerides = 2.29 x AA (sample) (mmol/L)
' AA (standard)
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APPENDIX IX

Determination of plasma retinol and a-tocopherol

Plasma retinol and a-tocopherol were measured by the method of Bieri et al

(Bieri, 1979).

Reagents
1. All-trans retinal; Flukg AG, Cat NO. 8283
2. Internal Standard : Retinyl acetate; sigma No R-3000
3. DL a-tocopherol Art 8283 Merck.
4. d a-tocopheryl écetate No T-3001 Sigma.
5. Methanol (HPLC grade) 9093-03 JT-Baker.
6. Absolute-Ethanol pro analysis Merck.

7. Hexane (HPLC grade) 9304-03 Baker Analyzed.

Preparation of standard solution

Stock standard solution of retinol (0.01 g/dL) was prepared in hexane. Retinyl
acetate (0.01 g/dL) was used as internal standard and prepared in ethanol. Alpha
tocopherol and tocopheryl acetate was prepared in absolute ethanol and the
concentrations checked by spectrophotometry. Dilution of these stock standards, the
working standards were made regulargly as indicated below.

Extinction coefficients use were:
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1%

E . retinol, 1850 at 325 nm.,

lcm

retinyl acetate, 1565 at 325 nm.,
a-tocopherol, 75.8 at 292 nm. and

o-tocopheryl acetate, 43.6 at 285 nm.

Standard Curves

For quantitaton, internal standard of retinyl acetate and a-tocopheryl
acetate were used. To prepared a standard curve for the peak area ratios, a constant
amount of retinyl and tocopheryl acetate were combined with variable amounts of the
retinol and a-tocopheryl acetate, were injected into the HPLC instrument and the peak

area ratios measured.

Sample preparation

Frozen plasma samples were thawed, mixed and centrifuged at 2500g for
5 min to removed fibrous debris. Added 100 pl of a mixture of internal standard
(retinylacetate and a-tocopheryl acetate) to 100 ul of plasma and vortex-mixed for 30
seconds. Then we added 200 pl of hexane to this mixture and the contents of the tubes
were vortex-mixed for 45 seconds. Precipitated protein was removed by centrifugation
(3000g for 5 minutes) at room temperature. 100 pul of aliquots of the organic phase
was removed from each sample and the solvent was evaporated under nitrogen.

Aliquot from each sample was dissolved in 100 pl of methanol.
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Chromatographic system

The HPLC instrumentation was from Shimadzu LC-10AD equipped with
SPD-10A UV-VIS detector, SIL-10A auto injector and a reversed phase HRC-ODS
column (4.6 mm id * 15 cm) packed with octadesylsilica. The mobile phase was
absolute methanol with the flow rate of 1 ml/min. Analyses were identified by
retention time and quantitated by peak area ratios between retinol a-tocopherol and
internal standard. The reference standard of retinol was supplied by the National

Institute of Standard and Technology USA.
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APPENDIX X
Determination of erythrocyte transketolase activity (ETKA)

and thiamin pyrophosphate effect (TPPE).

principle
Transketolase, a thiamin pyrophosphate (TPP) dependent enzyme,

catalyzes the following two reactions in the pentose phosphate pathway (Bamji, 1981):

J

1. Xylulose-5-phosphate + ribose-5-phosphate
Sedoheptulose-7-phosphate + glyceraldehyde-3-phosphate

2. Xylulose-5-phosphate + erythrose-4-phosphate

J

Fructose-6-phosphate + glyceraldehyde-3-phosphate

ETKA was determined by the method modified from Dreyfus (Dreyfus,

1962), and Dische (Dische, 1953). The analysis involved the incubation of hemolyzed
red bleed cell in buffer medium with an excess of ribose-5-phosphate, in the presence
or absence of excess TPP. ETKA obtained without the addition of TPP represents the
absolute enzyme activity and is dependent upon the coenzyme available in the
erythrocytes. The addition of TPP permits an estimation of apoenzyme uncomplexed,

as well as the maximum potential activity.

Preparation of blood samples
Fresh heparinized blood was centrifuged at 2,000 r.p.m. for 5 minutes.
The plasma and buffy coat were removed from the blood cell by suction. The

remaining erythrocytes were washed 3 times with 0.9 % sodium chloride solution. The
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suspension was centrifuged fo; 5 minutes at 2,000 r.p.m. The supemnatant were
discarded. After the third washing, the layers of white blood cells and platelets were
completely removed. The remaining 80-95 % red blood cells concentrate were diluted
to the proper concentration for determination of ETKA. One part of packed washed
erythrocytes was added to one part of distilled water and then hemolysate was mixed.
The hemolysate was kept frozen at -20°C and the determination of ETKA was carried

out within 2 weeks after hemolysate preparation.

Reagents
1. Substrate, 0.018 M ribose-5-phosphate pH 7.4
1.31 g of ribose-5-phosphate was dissolved in 150 mL of distilled water
and adjusted to pH 7.4 with KOH solution, then distilled water was added to make
250 mL solution.
2. Standard sedoheptulose, barium salt
2.1. Stock standard, 40 mmol/Liter
1.70 mg of sedoheptulose was dissolved in 100 mL of saturated
benzoic acid.
| 2.2. Working standard, 1, 2 and 4 mmol/L
Each 1 mL of stock standard was diluted to 10 mL, 20 mL, and
40 mL with saturated benzoic acid to make the working
standard, 4, 2, and 1 mmol/L, respectively.
2.3. Saturated benzoic acid
2.9 g of benzoic was dissolved in distilled water and adjusted

volume with distilled water to 1,000 mL.
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2.4. 0.143 M Krebs-Ringer phosphate buffer, pH 7.4
The following solutions were prepared, then they were mixed and adjusted to

pH 7.4 with diluted HCI (1 mol/Liter) :

20 mL of NaCl solution (9 g/Liter)
515 mL of KCl solution (11.5 g/Liter)

100 mL of K,HPO; solution (17.5 g/Liter)
5 mL of MgSO, , 7TH,0, solution (38 g/Liter)
2.5. 0.002M thiamin pyrophosphate (TPP) in buffer
92.16 mg of TPP was dissolved in buffer solution to make 100
th solution,
2.6. Trichloroacetic solution, 150 g/Liter
15 g of trichloroacetic acid was dissolved in distilled water to
make 100 mL solution.
2.7. 3% cysteine solution
3 g of L-cysteine-HCI was dissolved in 50 mL distilled water,
then few drops of 5-6 N HCI was added and the solution was
stirred until it dissolved. The volume was adjusted to 100 mL

solution.

Procedure

Each determination of ETKA was carried out in a set of three micro test
tubes measuring 0.4 by 4 cm. Test tube no. 1 and 2 contained 10 microliters of buffer.
Test tube no. 3 contained 10 microliter of the same buffer, and 0.002 M thiamin

pyrophosphate (TPP). To each of these three tubes, 10 microliters of erythrocytes
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hemolysate was added. When the content had been thoroughly mixed, the tubes were
placed in an incubator at 37°C for 30 minutes to ensure saturation of the enzyme with
added TPP.

After a period of preincubation, 20 microliters of 15% trichloroacetic
acid and 20 microliters of 0.018 M ribose-5-phosphate were added to tubes no.1 which
thus served as a control blank. To tube no. 2 and 3, 20 microliters of ribose-5-
phosphate were added. All of the tubes were then reincubated for 30 minutes at 37°C.
The reaction in tube no. 2 and 3 were stopped promptly by adding 20 microliters of
15% trichloroacetic acid. Then the tubes were thoroughly agitated, and centrifuged at
2,500 r.p.m. for 10 minutes. Aliquots of the clear supernatant were then use for
sedoheptulose determination which was carried out by the colorimetric formation of
sedoheptulose with cysteine and sulfuric acid described by Dische (Dische, 1953).
One mL of a mixture of distilled water and concentrated sulfuric acid (5 part of
distilled per 12 parts of concentrated acid) was added to 20 microliters of each clear
supernatant from each assay tube. The tubes were then agitated and heated for 4
minutes in 100 °C water bath. The mixtures were allowed to cool to room temperature.
Then 20 microliter of a 3% cysteine solution was added to each tube and the tubes
were again agitated. The reaction tubes were allowed to stand at room temperature for
at least 17 hours, at which time total heptose values were obtained by reading the
difference in absorbance against blank between 510 and 540 nm. The assay was done

in triplicate.
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Calculation
ETKA is expressed in international units (L U.) which is equivalent to the

number of micromoles of sedoheptulose-7-phosphate produced per minute per liter of

erythrocytes.
ETKA = KxAA sample . 1000 . umole/min./LRBC or [.U.
30 X(0.005)
100
in which :-
K = Standard ( umole)
AA standard
X = hematocrit reading of washed erythrocyte
AA = difference in absorbance reading between 510 and 540 nm.
30 = incubation time in minutes
X(0.005) = true red blood cells used in assay tube
100
1000 = conversion factor to 1 liter of unwashed erythrocytes

Thiamin pyrophosphate effect (TPPE) was expressed in the percentage
increase of sedoheptulose-7-phosphate formation after the addition of thiamin

pyrophosphate.

TPPE (%) = ETKA with added TPP - ETKA without added TPP x 100
ETKA without added TPP
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APPENDIX XI
Determination of erythrocytes glutathione reductase activity (EGRA)

and activity coefficient (AC)

Principle

Glutathione is a flavoenzyme with FAD as a prosthetic group, a coenzyme
form of riboflavin, which catalyzes the reduction of oxidized glutathione (GSSG) by
the following reaction:

+ ' +
GSSG + NADPH + H ‘;1 2 GSH + NADP

EGRA was determined by the method modified from Glatzle et al (Glatzzle,
1971), which is based on the assay of reduced nicotinamide adenine dinucleotide
phosphate (NADPH) dependent on glutathione reductase activity, with and without
incubation with saturating amount of FAD in vitro. If there is insufficient FAD in
EGR, the addition of FAD to the hemolysate can stimulate the enzyme activity and
indicates the saturated enzyme activity. This can be checked by measure the
diminution of NADPH in the presence of oxidized glutathione. The rate of decreased
absorbance at 334 nm provides the measurement of the diminution of NADPH, which

indicates the enzyme activity.
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Preparation of blood samples
One part of packed washed erythrocytes was added to 19 parts of distilled water
and the hemolysated was kept frozen at -20 °C and the determination of EGRA was
carried out within 2 week after the hemolysate preparation.
Reagents
1. Buffer, 0.2 M potassium phosphate (K;HPO4)
8.71 g of Ko;HPO, was dissolved in 400 mL distilled water was added
to make 500 mL solution.
2. Nicotinamide adenine dinucleotide phosphate (NADPH)
16.67 mg of the tetrasodium salt of NADPH in 5 mL of 1 % sodium
hydrogen carbonate was protected from light and kept in ice.
3. Dipotassium ethylene diamine tetraacetate ( EDTA-K3)
0.75 g of EDTA-K; was dissolved in distilled water to make 25 mL
solution. it was prepared weekly and kept in the refrigerator.
4. Flavin adenine dinucleotide, monosodium salt (FAD-Na)
1.18 mg of FAD-Na was dissolved in distilled water to make 5 mL
solution which was kept in ice and protected from light.
5. Glutathione, oxidized (GSSG)
23 mg of GSSG was dissolved in distilled water to make 5 mL
solution and then 0.04 mL of 1 N NaOH was then added to the

solution.
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Procedure

The test was done in 2 mL quartz cuvettes of 0.5 cm width, at 37°C. To
1.4 mL of 0.1 M K,HPO, pH 7.4, 0.1 mL of hemolysate, 0.1 mLL NADPH and 0.1 mL
EDTA-K, solution were added. The mixture was incubated at 35°C for 5 minutes.
Then 0.1 mL of oxidized form of glutathione was added. The solution was mixed well.
The reaction rate was measured by recording the absorbance at 334 nm by
Spectrophotometer for 5 minutes at 35 °C. For the assay of saturated enzymatic
activity in vitro, 1.35 mL K,HPO, solution plus 0.05 mL of FAD-Na solution was
used instead of the 1.4 mL of K,;HPO, solution. 1.8 mL of K,;HPO, solution was used

as reference.

Calculation

EGRA is expressed in international units (1.U.) which is equivalent to number of

micromoles of NADPH consumed per minute per liter of erythrocytes.

EGRA=AA334x10°x 1 x1.8 x 1 umole/min./LRBC or LU
5 6200 0.5 X x0.1
100 x 20

in which:-

A334 = decrease in absorbance at 334 nm per minute

5

6120060 = molar extinction coefficient of NADPH at 334 nm
0.5 = light path through the cuvett in cm

1.8 = final volume

Xx 0.1 = truered blood cells used in assay tube in mL
100 x 20

Activation coefficient (AC) = EGRA with added FAD
EGRA without added FAD
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APPENDIX XH

Determination of plasma ascorbic acid

Ascorbic acid was determined as the derivative of 2,4-dinitrophenylhydrazine

using the method of Stanley et al (Stanley, 1979).

Principle

Ascobic acid is oxidized by copper to form dehydroascorbid acid and
diketogluconic acids. These products are treated with 2,4-dinitrophenylhydrazine to
form the derivative bis-2-4-dinitrophenylhydrazone. This compound, in strong sulfuric
acid, undergoes a rearrangement to from a product with an absorption band that is
measured at 520 nm. The reaction is run in the presence of thiourea to provide a
mildly reducing medium, which helps to prevent interference from nonascorbic

chromogens.

Reagents
All stable for at least one week.
1. Trichloroacetic acid (TCA), 5% and 10% solution in distilled water
2. 2.,4-Dinitrophenylhydrazine/thiourea/copper (DCT) solutions in
distilled water, add 0.4 g thiourea, 0.05 g CuSO4 5H;0O, and 3.0 g
2,4 dinitro-phenylhydrazine and bring to a total volume of 100 mL
with 9 NH,SO,

3. 65% H,S0,4
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procedure

1 mL of plasma was added to 1.0 mL of ice-cold 10% TCA, mixed thoroughly,
and centrifuged for 20 min. at 3500 g In order to form the bis-2-4-
dinitrophenylhydrazone, 0.5 mL of supernatant was mixed with 0.1 mL of DTC and
incubated for 3 hr at 37°. To convert this to the rearranged products, which were
measures spectrophotometrically, 0.75 mL of ice-cold 65% H,SO4 was added and
mixed well, and the solutions were allowed to stand at room temperature for an
additional 30 min. Absorbances were determined at 520 nm. Standards L-ascorbic

acids were made in 5% TCA in the same procedure and rage from 0 to 20 pug/mL.
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APPENDIX XIII
Determination of serum calcium and ionized calcium

: NOVA 7

Principle

The ions exchange phenomena occurs at the membrane of the ion
selective electrode. The ions move from the solution on either side of the membrane.
Overtime, the ions diffuse back and forth across the membrane until an equilibrium is
reached and the salt concentrations in both solutions are equal. During the
equilibration process, the net flow for each ion occurs in the direction which promotes
equilibration. After equilibration, the ions continue to move back and move across the
membrane, but the net effect of the ionic diffusion is zero, and the concentration in the
solution remains unchange (Jack, 1979).

Reference range for serum calcium: 2.20-2.70 mmol/L.

Reference range for serum ionized calcium: 1.14-1.34 mmol/L.

Reagents
Fluid pack
- Internal standard A - Reference solution

- Internal standard B -Waste bottle.
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Procedure

1. The “calibrate” botton: Calibrate botton was pressed. Initiates
automated calibration cycle was performed with internal standards and drawn from
NOVA 7 fluid pack.

2. The “analyze” botton: The analyze botton was pressed once. The probe
moved to await position of the head-hold sample.

3.“Analyze” botton was pressed again with in 30 seconds: Sample was

aspirated and analysis was performed.
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APPENDIX XIV

Determination of phosphorus

Determination of serum phosphorus was determined by method of
Golddenberg and Fernandez (Goldenberg, 1966).

Reference values for serum : 0.8-1.4 mmol/L.

Reagent

1. Iron-trichloroacetic acid, stabilized: 50 g of trichloroacetic acid (CCI
COOH), (May-Baker Ltd. Dagenham, England) was transferred to a 500 ml
volumetric flask in the presence of 300 ml of water. 5 g of thiourea [(cs(NH;),)] (May-
baker Ltd. Dagenham, England) and 15 g of Mohr’s salt (ferrous Ammonium sulfate
hexahydrate [Fe(NH.), (SO4).6H,O] (May-Baker Ltd. Dagenham, England) were
added. Water was added to 500 ml. The solution was stored in a amber bottle.

2.  Ammonium molybdate, 0.0355 M: 45 ml conc. H,SO, with cooling
was added to a 500 ml volumetric flask which contained 200 m! of cold water. 22 g of
ammonium molybdate [(NH,), Mo O. 4H,0] (Mallinckrodt chemical Work St. Louis)
was added to 500 ml.

3. Phosphorus standard was contained 5 ml phosphorus per dl.: 0.220
g of potassium monbusic (KH,PO,) (Mallinckrodt chemical Works) was dried for 1
hour at 110°C and dissolved in water in a 1 liter volumetric flask. Water was added to
1 liter. A few drops of chloroform was added as the preservation and stored in a

polyethylene bottle.
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4. HC], 6N: 10 ml of conc. HCI was added to 10 ml water.

Procedure

Phosphorus was determined by the method of Golddenberg and
Fernandez (Golddenberg, 1966). The serum was deproteinized by an iron-
Trichloracetic acid reagent. The supernate was mixed with molybdie acid to form
molybdiphosphate, which was reduced by Fe™ to produce molybdenum blue.

Absorption was measured at 660 nm.
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APPENDIX XV

Determination of magnesium

Principle

Magnesium was determined by the method of Hausen and Frier (Hausen, 1967)
using a flame atomic absorption spectrophotometer. The serum magnesium was
diluted sufficiently with lanthanum oxide solution, the absorbance of hollow-cathode

magnesium lamp at 285.20 nm was recorded.

Reference values for serum: 1.8-3.0 mg/dl (0.7-1.23 mmol/L)

Reagents

1. Stock lanthanum oxide (5% lanthanum ion solution in 4N HCI):
58.7 g lanthanum oxide (LaO) was in a 1-litre volumetric flask.
Then 250 mL of concentrated HCI was added very slowly to it until
the material dissolved. Water was added to make a total amount of
1 litre.

2. Working lanthanum solution (0.1% w/v): 10 mL of stock solution
was diluted to 500 mL with water.

3. Stock magnesium standard solution, (10 mg/dL): 1 mL of 1 g/L
Titrisol Magnesium standard (9949 Titrisol, E Merck) was diluted

to 1000 mL with 0.1 mL lanthanum oxide.
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Procedure

4. Working magnesium standards: 1, 2, 3, 4 and 5 mL of stock

magnesium standard were diluted to 10 mL with 0.1% lanthanum
oxide in volumetric flask to obtain magnesium concentrations of

0.1,0.2,0.3, 0.4 and 0.5 mg/L respectively.

. The serum sample was diluted to 1: 50 with a 0.1% (w/v)

lanthanum oxide diluent.

. The magnesium content in the samples and standards was assayed

by a PERKIN-ELMER 1100B atomic absorption spectrophotometer

using the following conditions.

Flame air/acetylene
Magnesium cathod lamp current 6 mA
Spectral band pass 0.7 nm
Wave-length ~ 852mm

. A standard curve using magnesium standard in 0.1% lanthanum

oxide was constructed at a range of 0.2 to 0.8 mg/L. Concentration

of the samples were calculated from the standard curve.
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APPENDIX XVI

Determination of serum zinc¢ and copper

All glasswares, plastic tubes and Eppendorf pipette tips used in the analysis
of zinc and copper were soaked for 48 hrs in 30% nitric acid and were rinsed twice
with deionized water before use.

Serum zinc and copper were measured by flame-atomic absorption
spectrometry according to the method of model 1100B; perkin-Elmer. The instrument
was operated according to the instruction (Analytical methods, 1974). Calibration
curves were prepared by using standard solution (E. Merck; F.R. Germany). A quality
control human serum (Assayed Chemistry control, level I and II; Biorad, Placentia,
CA, USA) for zinc were analyzed by the same analytical techniques, yielding value of
0.84 £ 0.14 and 0.61 + 0.08 pg/L. (mean £ SD) within the range of the certified value
(0.62-0.92 and 0.46-0.68 ug/L). For copper, the value obtained were 1.11 £ 0.13 and
0.79 + 0.13 which was within the certified value of 0.79-1.19 and 0.60-0.89 pg/L,

respectively.

Reagent

1. Stock standard zinc solution
Stock standard solution (Titrisol® Merck Art 9953) containing 1 g of

zinc chloride was diluted to 1000 mL. Thus 1000 ppm of zinc was used.
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Working standard of 0.10, 0.20, 0.40, 0.80, ppm of zinc were prepared

by diluting with 5% glycerol.

2. Stock standard copper solution
Copper stock standard solution containing 1000 ppm were prepared
from Titrisol® Merck Art 9953 (1 g copper in 1000 mL). Intermediate
standard of 1000 ppb and 100 ppb were preﬁa;red by dilution with 0.1%

HNO;

Working standard of 10, 20, 30, 40 ppb were prepared from

intermediate standard 100 ppb by diluting with 0.1%HNO;

Procedure
Serum sample were diluted with deionized water (serum dilution 1:1 for

copper, 1:5 for zinc). The concentration of serum zinc and copper were calculated

from the standard curve.



APPENDIX XIII

(Tables i-xx)



Appendix / 166

Orapin Choothawornchaikul

43} 8'LS 95 El 81
¢91 8'0L 65 W L1 23! 008 ¥S 4 L1
31! 908 99 d 91 §961 7S8 114 i 91

SILL 168 134 W SI 961 789 8y 4 si
123! ¥'€9 09 qd 14 L91 9TL 14 N Vi
961 STL 8S d €1 861 €9 LS ! €1
8S1 799 [44 qd (4] 091 1'L6 IS A4 (4}
091 ¥'88 §¢ 4 11 [43! 069 9s E Il

§'9¢1 7s8 134 4 ol 861 L'S01 oy | 01
1! £69 L9 4 6 S91 908 14 W 6
091 0'1L L9 g 8 6651 668 LS L 8
9S1 £V9 P d L 861 £'99 £ A L
[43! 109 bs qd 9 43 899 8¢ d 9
(43! 8'LS 9¢ g S 141! 919 (4 4 g
€61 09 LS q 14 8¢1 799 (44 A 14
122! 08 145 q € 961 STL 8¢ qd €
vl £L 09 4 < L] &% 09 d 4
LS1 0809 oy ! 1'ON 091 978 65 q 1 "ON

(ud) 1H &) Mg (15) 38y ) 0qadeld (ud) 1H [EX (1£) 38y X398 P3oqiq

INAX XIANAddV

syuanyed Jo JnsLId)IvIRYd Juljaseyq 1 Jqe],




M.Sc. (Nutrition) / 167

Fac. of Grad. Studies, Mahidol Univ.

0cel ozl v/€1 GOEL 16¢1 0cel G961 LT
FAL e 6921 9Gi 1 G9Zl Zv0L cy8l 91
90¢l v0C L v0Z1 821 86€1 gerl volg ST
8861 £6EL Z0v1 vOEL 9GL1 v0cl 8691 vi
6921 GGElL 99¢1 5021 ZELL 0ccl 0€91 €1
€611 GOcClL GOETl 0zel v0ZL 0ZEl 0G/1 i
6921 9GE1L Svel €Gl1 GOzl 2001 v/81 i
6901 2011 ¥oZ1 8201 801 6201 0581 o1
90z) 9611 90¢l S 9611 8021 Vi1 6
1821 €0cl 0cit ovlLL v0Cl 021 0/81 8
9621 3021 10€1 8511 (41 G001 1691 L
0821 ¥ZEL 02l 4" 1eLL A 029t 9
ZGHL 1v01 ¥Gel 6901 Tl ovil 6€91 S
8zel 7011 8cZ!1 vrer FALD Z0L1 ZG81 v
Svel v0cL 6971 €OVl GOEL 0iclL 0£91 €
cvelL ovel 0Tl vECL 54 Loct v891 7
861t 0921 veel (e]57A} gvel 0cel vzt T ON
[IEALTE |

o CLel V8l 80L1L iz reEl 0681 81
JLoTA? vZel et €601 GE0L vl /€91 L1
YOtTl 86¢C1 COEY glclL 6811 €0clL 0891 91
GOEl Zevl IvEl 9GE1 ozEl Zevl 0512 Si
7Ot el 98¢ct £GL1 8GE1L zeel 7891 vi
8Ll SI54]! 90¢T 8601 96¢lL 0cEL 9.1 €1
AN SZep 44 ovEL 0zel ovel 0£91 41
c0ch 9¢E01 6011 vZ01 0%¥L 0ELl 2GSt 1§
(eTA) GZel (ST Svel OELL 0zcl ov8lL o1
ViZ4? 6ECL SFEL 6921 8921 0zel Govi 6
STAR? 0tct 0cit 6821 GZEL 0zel 2971 8
ST %74} B9ET 1921 69¢1 gl 0G81 L
Z0ST 3 Gavl el £Gh1 0ctL 08/1 9
0cit 9621 A vOclL 9Ll veCl 0/91 S
0cZy GZLT 69¢T T4 €eol 9601 ZE9t v
SYIA) 89C1 89¢T 8rEl 8621 0ecl 0551 €
[SeTA4) G621 GOt o0ct 8vil vart #GS1 z
TOET 0cET 96CT eIl OvEl FAA] Zrot T°ON
Y IM AT 1A 1M TIAM ¥ 0%AL 1°30qA]

(Aep/redy) sywaned jo el Z310ua [B10], 11 91qE ],




Appendix / 168

Orapin Choothawornchaikul

¥S 25 €S ZS 4] 05 GV T
€S €5 25 2% 05 €S 9% 91
25 €5 4] 1G £g vG ] ST
vS €S 25 ¥S Z5 vG eV i
€6 €5 ) 1 12 6¥ v (% 1
X3 25 G 1G 05 (7% 2 (4}
g5 GG 95 ¥G Z5 ZS ov IT
95 g% €5 26 4 ¥G v (1]}
25 Z5 1G 1S 1S 1 1v 6
€5 Z5 1 0S 1 F4) 6V 8
€S 4 05 8t 0S 25 v L
GG €G €5 ¥S Z5 25 v 9
Z5 Xe] vG X 8Y €5 v g
95 Z5 Ly ¥9 8y 65 09 ¥
¥S 6§ £5 GG 0S 05 1Y €
6% 12 oy 1Y oY ¥ (7 ré
€5 0% £S5 £S X 05 0% T ON
Onuua_am
15 372 0§ ] A 0S ov 8T
IS P4 0S 8y 25 ZG 517 LT
X X 1S 05 P4 ¥G ov 91
X 0% ¥S 1S 7 o5 FAS) ST
€5 Z5 Z5 Z5 6V A7 X B!
VS [ ¥S 7 €5 ZG 0]7 tr
(59 £q €5 vG 73 (3 v (4}
0% 4 €S vS 1S 7 37 4]
€5 0% IS €S X (5372 GG (118
0% 25 ¥S o 0% €5 57 6
€5 X €5 €5 0S 8y 1S 8
¥S €5 25 1S 34 Z5 ov L
95 % €5 (32 1S €S K7 9
1 ZG 05 67 €S v v S
vS ¥S Z5 Z5 1S 67 ov 14
Z5 IS X 6F X €6 a5 t
€5 €5 Z5 Z5 25 ¥S (47 4
€5 (A cY 158 15 [AS] ov T YN
7R\ VIR ST AR 1.\ SR FIR (R 1, EELEY |

sjuaned Jo oIl ASIIUD SE 2)BIPAYOQIED JO SITBIUNDRJ N IqE]




M.Sc. (Nutrition) / 169

Fac. of Grad. Studies, Mahidol Univ.

6< LT LT 6T 1¢ 67 [ L1
67 0t 0¢ LT 8T 0t (44 91
6T 6C [43 (43 K3 8C LT s1
6C Lc 8¢ 9T LT 6T £¢ vi
53 LT 9T LT 8T LT [43 tl
0t 8¢ 13 0¢ [ LT 114 (4]
LT (4> £ S¢ [43 43 be 11
0¢ [ 0¢ [43 0¢ 6C It 01
(43 [43 13 (4> 1g 0¢ 6C 6
I¢ £ £e (£ 0¢ 0¢ 6C 8
LT 8C 6T £ 6T 87 L L
1€ [43 Ie 1¢ [£3 0t LY 9
0t £ e 0¢ [£3 [43 9¢ S
43 (42 |44 (4 |44 6C 6T 14
0¢ (%2 0t 8T 0¢ Y4 [43 €
Ll Ll 81 L1 81 61 (44 (4
(4] [43 [43 £ 1€ 6C 1¢ T ON
OUSSed
0¢ 8T 6T £3 0¢ (47 £ 81
6C 8T 87 0t 6C [43 [43 L1
9T 8C LT 8¢ 0t (43 ve 91
8T 8¢ 9C LT 9¢ 0t 0¢ S1
te L (13 St (%3 1t 0¢ 4
(43 13 S¢ vt 0t 8¢ 8¢ ¢l
0¢ 43 1¢ 1t 1e 9T 9t (4]
0¢ 8T 8T 0¢ (43 (43 9¢ 11
8¢ 9T LT LT ot [43 8T 01
67 [k4 LT LT 67 6T 6t 6
0¢ (33 (43 0¢ [§3 8C $C 8
0t [43 (43 ¢t 67 9T [43 L
LC [}]3 6C ST 6C 6C 8¢ 9
0t LT LT 8¢ 8T {4 St S
8¢C 6C It (%3 k3 8T 9¢ 14
0t 0t K3 0¢ 0t 0t LT [3
6C LT ot 6T LT 6T 1t (4
[t Ot 67T 8¢ <t LT 9t T1ON
— PeIM 0TI 9T I (450 $IM LAY 0T — PS0GAT

sjuaEd JO M EIUT ASIAU2 SE JE) JO SOSLIUNIA Al AGE],




Appendix / 170

Orapin Choothawornchaikul

L1 Z 0C 61 L1 K4 v LT
g1 o1 61 0z Z 81 7z 91
61 L1 o1 i1 o1 81 0C ST
I 1C 61 0z 1z I vZ 71
i1 0T 12T %4 €T vz 14 €1
61 0z 81 61 0z VZ L1 4]
61 €1 T 1 o1 v1 02 T
vl S1 1 LT g1 It 7z o1
] 91 61 L1 31 61 ¥Z 6
91 ST 1 o1 81 L1 44 §
61 0C |4 174 ¥4 0Z |4 L
vi vl 91 9 L1 61 €T 9
81 o1 a 0c 44 9 44 S
i al ST €1 2 Z1 4 ¥
ST €1 L1 LT 0T 9z |14 £
i1 1 81 L1 81 61 T 4
A1 8T ST ST 61 |44 BT I"ON
1 — I
61 €C 0T cl S1 Sl [F4 s1
0z 61 &é €T 61 91 0z JA |
54 44 44 54 81 71 0z 91
1T 7z 0z Z 61 2 31 ST
v1 91 o1 €1 L1 44 61 vI
vl 4! 4! 72 JAl 0T 44 €1
vi ST 1 o1 9] ¥4 44 41
1z 0z g1 o1 L1 ¥l 14 1
0z (%4 44 02 61 61 L1 o1
44 1T 61 61 (K4 31 81 6
81 o1 ST IT 61 %4 81 )
I ST 91 A 2 ¢ T L
L1 o1 81 (574 0z 81 K4 9
61 14 €C 54 61 6C (%4 S
61 1 1 o1 81 €C vz v
31 61 81 K4 61 1 L1 €
61 61 61 61 |4 I1 %4 7
91 g1 0C 6l ST |14 74 TON
P AM LixA: 1\ ST A (451, S I FAR [ 1LY P3UqAY

syjuanped jo axejul 503 56 u1joad JO 338IUIIJ A L




M.Sc. (Nutrition) / 171

Fac. of Grad. Studies, Mahidol Univ.

ISVl 11 S0L T1L 90L €0L £89 80L LI
808 L08 908 €6L £08 £08 06L 903 9%
¢Z8 78 018 $°08 708 66L vs 1¢8 ST
Tv9 $Z9 079 19 719 919 L'19 v €9 ¥I
TTL 9L L0L S0L 10L 8°0L 6 0L STL €l
099 149 0L9 0°L9 £99 LS9 099 799 (4
AT 888 0L8 8.3 LS8 L98 S8 7’38 1
068 768 €88 168 963 068 706 T L3 1
159 ¥S9 159 €99 L'€9 v'S9 79 ) 6
0vL SSL oYL STL 0'IL 1L 069 01L [
LV €9 €9 €9 759 99 9'¢€9 K2 L
$795 79¢ 3PS ¥'6S LSS ¥'SS VLS 109 9
£ 65 LS L'LS 98¢ 165 L'LS 8LS S
619 909 709 009 L'8S 765 009 009 ¥
013 .18 <18 118 L18 L18 L1838 008 €
TSL 0SL 0SL 09 Tyl SPL SEL 0¢cL F4

509 765 009 <09 3765 09 709 309 TON

iER LR
083 808 LS 0L8 0L8 8'L8 TLS 'S8 81
EYAS 806 €LS 806 09§ £6S L'LS 8°LS LT
718 <08 808 018 S 08 018 L18 008 97
0¢€L 0¢€L 7L 0€L €1 91L 0¢L 9TL [
089 9.9 L'69 089 069 089 699 789 (3
0¢9 819 0¢9 0¢9 0¢9 0°¢9 079 £€9 €1
00 0v6 056 196 L'L6 96 096 L6 41
8°€9 v €9 L9 169 LS9 TL9 189 069 11
8L 6LL VLL L'6L V8L 0'8L ¥'08 908 o1
8001 066 8101 101 87001 0 €01 7 €01 L7501 6
8.9 9.9 299 LG99 199 LS9 099 799 [
8L8 vv8 o%8 9°G8 798 €L8 TLS 668 L
0L9 0799 $'S9 LS9 059 SS9 £99 <99 9
€19 619 L£99 089 L'L9 0°L9 800 899 [S
00 065 765 v'6S 119 129 0729 919 v
0L 869 an vIL viL Vil 60L STL €
3L 08L 08L SED 06L S8 078 97Z8 4

TTY 319 709 909 019 19 1o 7o T"ON
S AM YOI 0C IR ST IAX (AR 1\ [ 1% FIAA R 1% CE LY §

sjudnjed JO JYSIOM Apog ‘1A d[qR],




Appendix / 172

Orapin Choothawornchaikul

891 081 8zl <1 S0T S¥T JA |
651 691 SS1 LLT 091 orl 91
€8¢ (454 €T L81 Lot 95T ST
06 091 00T 0€l €L1 LOZ 121
76¢ SO€ o€ 887 182 6LC €1
1ST 0pT [S44 681 Z81 Ti1 41
912 €el €61 24 AR T1Z A
9i¢ 0T 6¥C 067 X3 002 (1}
S0T 051 (444 781 €51 €L1 6
%41 STl 091 88 0] v6 [
9Z1 SE1 991 081 TPl [k#4 L
$9C 691 IL1 901 6L ¥81 9
i Z0C 781 LLT 691 0Z¢ S
TLT va1 161 ¥l Sel LST [
8P 181 i 091 ovl S61 €
0ST 8ET ¥iT L¥T 887 091 4
S3C 283 5 09¢ OF¢ 6It 1T°ON
_ A ECAd T |
olg T8¢ €87 1Z€ €8T 00€ 81
44 891 161 70T 691 0Z¢ LT
691 €8 6¢1 8l ovl S61 [
S61 SLT 791 S61 Gel T1Z ST
IS%4 8¢€T e (V144 052 LTT [2]
09Z vit viz (K74 8€T 652 €1
i 76 861 Z81 101 161 a
861 S1t 101 354 6¥T 88C I
662 05T 081 TTC 151 €1C o1
0Z¢ 9i¢ 6v¢ 1€C [S%4 ) k4 6
631 491 651 1€C Z81 [7A 8
€LT $o1 651 LLT 961 0Z¢ L
072 vz 002 961 €cl IST 9
#81 081 €Ll L81 781 €L1 S
A ISt 917 507 991 691 ¥
88T [§°74 $67 ¥Zz 18T 6LT €
081 LST 702 052 €51 691 (4
(334 491 6§21 0C Tl 702 TON
(S AM FCIAA STHAR A PR 09 PSOUAY

syuonjed G¢ Jo S[9AJ] 3500N[3 poo[q Junse ‘N Jqe],




M.Sc. (Nutrition) / 173

701 63 78 66 98 A1
¥'6 68 00l 8 16 9%
V6 66 €8 08 SO0l ST
L8 L'L L'L 0L TEl 21
871 (41 vl 0¢l 911 €1
801 111 101 01l 07zl 41
£6 €38 88 98 68 1
601 11 €11 611 101 01
701 96 [ 96 il 6
86 001 7€l 76 76 8
06 L'L 98 Al o€l L
96 76 6L SL S0l 9

. 68 $6 S0l ZOol S
$6 001 V1l SL LS ¥y
06 <8 18 8L 6 €
671 801 701 STI1 76 4
CRE o1l 541 (41 A TON

Oq3e[q
8Tl 81l 971 601 101 81
7T 98 06 68 701 LT
83 08 08 06 16 91
701 06 $6 701 Ve ST
801 6 801 001 €01 21
€11 v 0l 011 801 901 [

. 8L 98 6L 06 (41
101 38 601 €€l 9vl 1
Vil 6 €11 L6 S0l 01
€1l [ o1l 801 66 6
L01 L6 <6 011 07zl 8
08 L 8L 38 €6 L
86 06 06 €01 L0l 9
98 78 8L v's £6 S

. VL 98 98 9L v
0€l 301 611 07l 911 €
L3 38 v'6 S0l €01 T
0L <9 8 [4{0)1 TEl TON

€M ¥ AM T AM SAM 09I PS0qA]

Fac. of Grad. Studies, Mahidol Univ.

syuanjed Jo S[OAJ] OTVQH 'MIA d[qe ],

coe




Appendix / 174

Orapin Choothawornchaikul

[£%4 (497 Sel 981 082 83C LT
ZS1 LP1 if2l vl ¥01 24! 91
90T 0s1 €Ll €21 96T LLT S1
A3 95T X3 [} ¥4 <91 LOT (21
€31 961 €81 661 611 €1 31
88 06 ¥01 121 Z8 06 41
sl 16 08 8 611 LET I
TS1 0T 2 (K4 LTl 23 ot
LT €L1 091 Z0T 4174 vLl 6
99L 60L SvL 191 e ¥91 ]
0SS L€ 8LV sLY [AtS IS L
66 <6 96 801 €8 ¥6 9

: 0L1 651 96¢ (%44 081 S
062 102 S6C 002 €1C IL1 ¥y
€51 L81 831 ¥l SEl ¥61 €
S19 (%22 L8E 8SH 08¢ 85T 7
801 9§ ¥8 olT VLT (44 TON |

- TqIIeId

81z Fég S1z ZS1 LT1 pee ST
444 zel 191 0L1 €2C 081 LT
991 8L1 <ol €51 SEl v61 91
F4%3 381 €LT 01T 6¢¢ Ve ST
F42l 851 €LI LT1 o1l Vel 21
(32l il 441 6¢1l 9¢C YOl €1

. 38 66 LO1 33 101 Fa
L1l 8 09 611 ¥01 VeI T
oty L8S s 68C 01v 743 (1} 1
8S1 38 Sel 761 181 191 6
¥4 96 LTI €8 78 06 8
€61 ol 891 S0z LET TZ1 L
962 611 421 1sC ozl 661 9
6CY €LE 09¢ 16€ 68¢€ e S

. 0zl 611 LT1 Z01 32l ¥y
661 gel Z51 o1 611 1€l €
761 081 631 Jkéé 661 LST (4
872 602 8L 01T SoT 701 TON

¢S AM L2 1Y STYAS SIAM 2 WY AN PSoqAT

sjuarjed Jo S[9AJ] SOPLIdDAISLI} SUNISE *XI J[qB L




M.Sc. (Nutrition) / 175

Fac. of Grad. Studies, Mahidol Univ.

9¢T 65C (4% €T 807 912 LT
087 8LT €9C 8LT 0LZ 0LZ 97
€8T 062 £l 99T L¥T 087 ST
€6C 0zZ¢ prE 1433 81T 1§54 (28
IS¢ ¥Ze (454 €9C TIT [144 €1
€9C €9C 344 8LT (5 [X %4 Al
LPE L6C T0€ ST 6€T 78T 11
%4 £rT 78T 65T 8LT 0LZ 01
L6T 99T 787 10€ £9C (24 6
Vit 162 LI€ $81 0¢Z 6£T [
$sT 022 954 3t3 SO€ L9¢ L
08T 15T 0Z¢ 91T S0C VLT 9
8LC T8¢ 8LC 954 78T S
78T ¥ZT 0LT 0LT 072 [k ¥
98C 91T 0Z¢ LYT 65T 067 €
8LE o¢E T8¢ 43 1S€ [TX3 4
t61 431 €61 T0C 30C 10T TON
= ekt
[1%4 ¥Ze €97 %4 8.7 0L 81
987 87T (144 8LT %4 78T JA]
6£C JX%4 9¢T 987 6ST 062 91
Z1¢ 6€T 681 (244 L61 8C¢ ST
S0C 6¢€C 6€C VLT £9C 65¢ (21
& vie 1T 954 651 X% €1
g6l €61 07T 8.1 9¢C (Al
G0t 60€ 181 €67 I3%4 [} ¥4 T
87C 65T 8TC 144 Ly ¢81 01
8¢ At €61 TiT (%44 80C 6
8LT VT 6€C 07% 152 (%74 8
91T 4% Ak 91C S0C L6T L
223 L1€ 062 OLT 6£C %43 9
yTT 917 681 o1¢ 0LT (144 S
087 €9Z €i¢ oge €67 ¥
£9C (A4 6¢£C 8CT Tit 87T €
S0T 6SC 8LC 6¢£T 78C 162 (4
TEE 06¢ (A% ovE 3LT 1§44 TON
IR L ZA LY STHAA 3 1% L2 1Y 09 P30qAT
SIUA) B JO S[IAJ[ [0II)SI[0YD [8I0] Bunse ] ‘X 9jqe]




Appendix / 176

Orapin Choothawornchaikul

960 580 1071 14! TE 1 S60 S06L 3068 JANK] A1
LSO 19°0 8LQ LTT 07T 6L°0 96'89 €IS 7099 91
0£'0 850 o 8¢l 651 9¢'] 1€°6S LTOL 8,89 ST
970 670 70 671 L60 €C'1 €19 8€6L 1668 [4]
9L0 080 6L0 99'] 811 L0'1 888 9578 Or'€s €1
L0'] sl £6'0 78'1 97’1 1] ws9 $$°69 L0°89 71
790 £8°0 611 Ll L9'1 Il £8'8€ eIsy 06CS [
1€0 £8°0 €L0 SH'1 01’1 060 80°6L 9T S ey 01
L0'] $0'1 1,0 L1T 60T 16'1 0¢'L9 LI'19 T0°LS 6
0L'l 101 1 STT £1'C 61°C SLY9 1LvS T 6Y 8
0 €€0 050 Kl €8T 10T $0'C81 0,781 99921 L
880 SLO 6£0 9¢'1 sl 880 9¢'LY TTLE bECh 9
SI'1 660 o'l 181 (44 98’1 €179 7808 8079 S
L8°0 0T'1 990 8L1 77T 080 VL 88§ 9779 b
9,0 LSO 850 091 'l 9’1 w9 S0'L9 $6°€L €
SI'1 (44 0L'0 ¥l 61 £9'1 88 ¥C1 YL 6¥1 SE 4
eel 611 91’1 Wi 080 01 TS 0165 98°L9 I ON
_ SYeLT
8¢0 201 1,0 T LT 161 AE] 0£L9 0°LS 81
or'tl vl 0c'l 00T L8 981 89°69 €19 8029 L
v 9.0 860 LST 091 91 0SS 's9 ¥6'EL 91
6C 1 LL0 €1 L1 ST1 i or'L9 07 6% ¥T €9 i
€50 860 1970 6L'1 191 ¥e1 88 FS €99 097 ¥
6€'1 001 IL0 ¥0'1 i 7890 443 ey Uy €1
80 9¢'0 S0 60 180 [ 9yTS ISLY 97°0S u
760 760 871 SL1 1Tl 71 8T 8% 06°SY Y079 11
980 ¥9°0 101 9¢'Y $6°0 A 91°¢eS 6618 1098 01
L1 660 6870 9LT $60 9Z'1 126 1999 TTLL 6
(T2 861 080 160 61¢C ST'1 061S 018 1716 [
£8°0 9.0 611 1971 SL0 [ EISh 99°6C 06CS L
01 601 [ ¢80 ST'1 801 00%S 9% 9 6V°SS 9
¥9'1 751 Al ¢8'1 0L'1 8.1 Y291 80901 11071 S
cel 160 £6°0 971 971 vI'1 65’69 ST09 £0'89 ¥
40 9570 190 Sl 67’1 807 T€%S o 9€¢8 €
080 S0'1 6.0 811 651 101 9678 91 %01 ov'€8 7
311 760 6.0 70T JANS 901 5005 3005 |74 %Y TON |
LZALY AR THAR VYCAM AR TR PR TR TR
Jﬂuig\w {7301 UIISS 3 UTureiy (P73 WISy e A 1P3oqiy

sjuanped Jo S[9Ad

1 DA’V WWENA X J[qe]L




M.Sc. (Nutrition) / 177

Fac. of Grad. Studies, Mahidol Univ.

(44! U1 | €60 | T8¥0CT | T8V9El | SELYST 00 00 00 $6'69C 940! 19°€L] 81
91’1l [1°T | 80T | LESOVY | S9OPPEL | €186LI 00 00 00 §9'861 LS LI 09611 Ll
1Z4! PO'T | 60T | TSL8TI | ILTI61 | S988LI 00 00 00 (44 L 070¢C 0191¢ 91
STl 960 1 | ov'e6st | 1T°001T | €8L061 00 00 91 81T | L6'IST 0C'6CC S1
611 90'T | LTT | 66'L1P]1 | 908581 | 61LCC] 00 00 00 80§61 676¢1 01°¢81 14}
(4! P01 | €T | 790961 | 086STT | 06'EV61 00 00 00 8¢°L9C 08°LTE 44 €l
SOl 9¢’1 'l oLyovl | 698HCI | 157881 00 00 00 05°L91 L8981 9SvS1 (4}
80’1 €60 | YO'T | €5901C | 06'1L6T | €T O6LET 00 00 00 9C'1LT 0171¢C 0’861 11
60’1 860 | 90T | 9€°TTLY | E1LPLT | €SEEIT 00 00 00 0S'11¢ 96 €67 06'€LT 01
el 10T | 660 | 8V SEll | ¥1'66EC | £€98SIT 00 e 00 80681 0191 01'¢CIT 6
SOl 10T | 80T | TL¥8LY | 1€T80C 1'v691 00 00 00 6L 6¢£C 0S'€LT 0C9CC 8
S0l 'l 60T | vEL6TC | 161¢EST 9'6CL1 00 00 00 £€C°09¢ 08'6CC 0§°S1¢ L
611 860 | 8T1 | 60VShE | IV LT6C | 9E€8ST S¥ 00 00 123114 0'6CC 0L10C 9
0’1 L60 | T80 | 60°T9%C | 06'I¥LE | L66CEE 00 7 00 12144 01'¢sC | 0¥09¢C S
801 I€T | 8Y'T | ¥8°S€0C | 1606L1 | 81'LTSI 00 00 00 88101 v0'C81 0581¢C 14
4! 90T | TTL | 16'1¢ST | 61¥TST | SELSEL 00 09 00 86 V81 0y 9¢C 00°8¥C €
0’1 60 CO'T | S9°08L1 | LES60T | 6C'196C 00 00 00 6C°CEC 0L9¢C 08°L0T <
S0'1 8¢l | LOT | 6L69TC 8°0V6 YL L9tE 00 00 00 €C syl 08°09C | 0¥'8SC I'ON
PTAM | 8dM | 0MMA YTAM 81N 0 MM PZIM | SAM | 0M PTAM 8IM 0 iM 1930qK1
IV \4: R dddL VLA
q 'q

dnoi3 _owc?mrm JO S[PAJ] 'y puB g UIBlA ‘TIX J[qB




Appendix / 178

Orapin Choothawornchaikul

901 101 L60 SySIT | v oevil 800¢C 00 00 | 00 [44Y° 6l 8LLT Ll
140! 680 | L60 | 6€8FIT | S8'TS8I | S80TST | 00 00 | 00 | ¥¥68C | €V 9T 08¢ 91
6C1 6C1 | 8C1 | LI'0OIT | €0CIT §'T68 00 00 | 00 | TVv0T | ¥SE61 | L69YC sl
S €60 | €t LTTYL | 6T86LC | TV ETST 00 00 | 00 | 68L01 | 9Y¢Cl L'11¢ 14
! v0'1 201 | v0'9091 | S9°08L1 | 6T 1967 00 00 | 00 | ¥5991 6CCEC 8°L0C €l
611 801 8¥'1 | v€'86S1 | ¥8'S€0C | 81'LCSI 00 00 | 00 | SOOIl 88101 §81¢C 4!
eC’l S0l 601 | €€18ST | PEL6CT | 96TLL 00 00 | 00 | LOSSI £2°09¢ §S1c It
L1l SO'1 LOT | 6€99ST | ¥EL6TT | S8EISC 00 00 00 | €9€0C | €T09C | €8'19C 01
41! 101 €60 | C8V9El | 61PLTT | SELPST 00 €yl | €€l | SV OSl 6 ¢8I 19°€L1 6
stl LTT | 860 | 1¥Ly9l | 6S'8VEL | 9T'ELTC | 1TT | 00 | 00 | s€¢€01 £8¢EC STHSI 8
11 1l O1'T | IL°L6IT | 910891 | 62°€96C | 00 6€ | 00 | €89IC | ¥v 96l 0S¢ L
STl 4! 801 | €€96C1 | T9991 L'885C 00 00 | 00 | 8I'LTC 6 1C $'LI1 9
Il ST 80T | S9OvveEl | ¥0'9091 | €186LI 00 CTL | 00 | 85491 cl1sSt 96ll g
y0'l 101 SOT | TEO06LL | 9EHEVT | €OLYET 66 00 'l or’'Lee | €91¥C L89¢C y
v0'l 801 | 601 | ILTI6L | 9v06ST | $9°88L1 00 00 | 00 [4U%4 Sv'8cl 191¢ £
860 v6'0 | 101 | L6980¢ 00¢¢ 6 CL61 00 60 | 00 | T8S9C 1'86C 1'6£C [4
v0'1 20T | 860 | L6Lv6l | 6€0LTC | VSSILL v6 00 | 00 | s6cC¢tl v'L81 LLLY I 'ON
POAM 8AM 03 Y7 8 IM 0IM PIAM | 83A | 0 PTAM 8IM 03MM 0qadeld
AV vaod ddd.L VLA
Nm 'q
Q:th GGOO@—& JO S12A9] Nmm pue —Mm UIHEM A ‘THX olqe ],




M.Sc. (Nutrition) / 179

Fac. of Grad. Studies, Mahidol Univ.

661 0CC 1s¢ o V86 ot L68 9¢L ovL ST
8¢ LCT vl o9T'¢ ¢L9 86'S 499 19¢ OLY i
o1 c6l1 L9C 1 2% 45 8t6 1§99 789 08¢ €1
8¢T 11k4 (8¢ 6L ¥0'¢ 0C 01 99¢ 8¢t [ %4 (41
9¢¢ ¢ol 9Cl1 V6 198 i 740 €L 474 $oC I
1574 61 091 099 96 81 09°¢1 LLL €9 60¢ [1}§
061 81 8LT osb 0CL (4 965 (177 (447 6
PLT 9C 80C 091 ¢S LT ¥y ol 142 09¢ 1¢¢ 8
6CC 8¢C 59! 9691 Y1 ¢e91 89¢ ¥9¢ 8¢€0 L
8CC | k44 LTC 8ve6 Yl (4 | 957 99} 1¢€L 9
6LC (1] ¥4 ¢81 (AN #4 91'¢ 27282 £9L 4341 65¢ 1~
1474 087 61 888 0811 (119 i 74 $474 (449 4
(4587 (1) ¥4 ¥el 9T ¥1 07V Vo1l 09L (4] 6¢ €
1§43 £6¢ 174 8001 0201 918 T€81 S681 9¢01 4
60T Y01 991 0ttt 0C 3T 0C0C (013572 399 12%1 T ON
O8I
c6¢ cly el SCI1I 91 vl YO 11 $69 09L 6t [ 1
¢1¢ (443 LOE 8¥ 1 Ll ¢S 1T L9V (A 13741 41
97 (28 861 0c¢el 0¥ 0C SPel ovL (11§74 (421 €1
1.7 L91 oyl CcL'81 096 L 0v6 LEE 8LE a
60¢ €91 L91 0861 009 96 81 6Ll STy <oF 1T
LLT 66¢ 86 9¢91 9L L1 8v 9 (549 LOL 1C¢ 01
61¢C 8LT LOT crsl FOT1 v ol [ £ 691 90¢ 6
LTE LOT 9¢1 9¢CC ot ¢l 8091 89L 611 8¢l 8
col 9L 091 9681 8CTLT 09°¢1 £9C ]¢C 60¢ L
S81 LYT 97 6L 91’8 6'tl (%4 I8¢ [ 243 9
9¢? L91 9L¢E o8 09°¢ 89 667 96(C (%4 S
91! 44! 9C1 $9°8 or¢ ¥Co 4Y4 1274 44 4
86 6017 9¢¢ ov'LTl 0801 09°¢1 88 09¢ T¢¢€ €
01¢ | ¥4 | 8¢ ¥0°¢C 4N 0701 gcC YLV [ ¥4 (4
091 [0¢ 9¢C UF UC b5 2 1267 86L 5723 T ON
[ FC I A 09 | vCIR TIAA 0T FCIA 3 1\ AR | BsouAl |
GRS 73Uy 135 P31 3Te[o] 7Sy WIS 3120 Y 730y Anerss oy

sjudn)ed JO SPAJ] 93B[0] pue Ilg UIWBIIA ‘AIX Jqe],




Appendix / 180

Orapin Choothawornchaikul

A Tl 07’1 vTT 8TT T 1743 LTt SLE 86 L 0S1 L
7Tl 8T1 67’1 61T (324 ov'C L9T IsT x4 89 9¢ ]S 91
4l A STl [S474 1€7T LET TlT £ee 943 S8l 761 00T ST
YTl 1T1 ST 81T L1 €TC 8LT 19T 0S¢ 86 8L 0¢ (21
¥T1 €C1 0Tl 8CT 9¢C €T LLT 05T 0S¢ ¥6 838 €9 €1
11 [N 4R [ 4 86’1 (454 724! 8¢€T 90¢€ pL €11 811 (4]
611 'l ST'1 [ X34 6¢£C T [§74 8¥C 0S¢ [43 89 SL 11
YTl Tl 611 vee 8CT 81T 08¢ 6vC SET 6L 89 6S 01
¥yT1 Y4l €el 71T STT 961 ILT 68¢ 0T FA R 001 0L 6
or'1 FAN STl 44 017 617 91¢ 61T [N 44 9% £ 0¢ 8
Sl ST i 8¢ 087 ovT 8€¢ TLT 68C 66 9L 8L L
8T'1 €1 STl 1T¢ 61¢C 01'¢C 0TT ove 00T VL 93 001 9
¥T1 et 071 1€7 L1z €17 Tte 6ST 05T 06 L01 L8 S
81T vl CI'T 1€7C T 12T 087 8¢ 6LT 8L 8¢ 8¢S 12
STl 611 €T [ ¥yTT C1C 6T ove 00¢€ 001 L9 SL €
€1 91 LTl e SvT 9¢€T 1vT 0S¢ CLT 79 001 001 4
748! 0CT tCT ¥TT ¥TT 0t ¢ [Y:Y4 0%¢ 638¢C 08 001 63 TON |
TS
SC | CC 1 6l { e C 8CC ST ¢ (44 08¢ [ %4 6% oL 6% 8T
[ ZA (AN 0TT  ZA ITT (% 4 (4% 65C 0S¢C 06 41} I3 JA |
0C 1 [IM! €T TET ¥TT S1¢ v6C ¥6C 00¢ 0T 001 S 9T |
T (YAl 17T 61T 8T 80C TLT (54 00¢ YA €I 0%T ST
0CT STT (44l A4 007¢C 10T L8T 65¢ 9C 36 99 9 41
T SCT [$7AR 1 61¢C % 2K 91T TIt BLT 6Ct ¥6 6 1L T
(741 (XAl TTT 74K 3ET 204 99¢ VLT | Y4 v6 76 ¥9 (41
611 611 1 STC 861 1€7 89C SLT ST 74 I3 TZ 11
TCT €T 1T S 204 0T 60¢C 067 CLT SIT 001 L3 00T 01
¥Z1 el r4Al rAN4 4 4 34 69¢ $TT 65¢C oFT TL 8 6
IT1 11 (48! 91T 861 44 (1] 74 %4 90¢ SLT Il 31T 3
T TET 74k | vT (% 24 [ 4 0¢tC AY 90¢ tL 8 901 L
[ 74! 9T 1 TTT ITT ¥EC 0T ott 00¢% (Y43 (4] 00T Tt 9
PTT LTT 0CT 9T7T (AN LTT 1274 SLT (474 76 33 76 S
6l 1 ITT 611 07T 107 TC TLT (N4 CLT LT (A1} 33 2
i 74! €ET 0C1 (24 9t ¢C tCT 05¢C 0%C 05T <6 L33 £9 (3
1 611 C1 ITT 017 1T 09¢ (4%4 SLT 76 STT gL (4
£t T SCT (YA 15 4 tCC 06C I9¢ 0%¢ OL SL 0% I ON |
B 2 1Y (LR 1Y FCAR TR R 1\ 741\ TAM 0 ﬂ? TIR | 0 PSUYAT
IS ImMDeY PIZOT | I T 5y §

syuorjed Jo S[9AS] WINIJ[BD PUE UOI] ‘AX JJqEJ




M.Sc. (Nutrition) / 181

Fac. of Grad. Studies, Mahidol Univ.

¢ll |01 901 Lev L6'¢ LSV Tl LET 6¢1 ¢80 [ 60 LT
601 L01 L01 orv 9P Wy 441 otl [§2 601 i1 o1t 91
o1 Y01 66 1 4 88 2 09V Ly Lel ¢l Led 60’1 911 40! [
901 [X)4 €01 [5272 12:84 16V (1121 6tl [ 41 0gl :1rAR (174l ¥i
86 66 ¢01 ses vev 0C’s el Lel 1§21 SeET 28 AN ¢l
[49) LO1 [0} vy 6l¥ SLY 1§21 LET orl LO1 <01 860 (44
801 Vol 901 (Y44 (427 Sty 14! (441 1§21 601 (AR} SLO 1T
901 LOT POl oLy 197 r4 04 o¢l LET tvl ol'tT L6 611 (1)1
941 481 128! 3 4 1% 16d (4721 %41 |82 <1 0Tl Pel 6
111 It o1 19°¢ LY 66'¢ vl [ 4! 1§41 £6°0 1€°1 971 8
LO1 ilt 001 19'¢ 9¢°¢ %Y 8¢l ori vl 0oL0 ot'l vT'l L
01 o1l 901 (524 [X% % 90 6¢1 orl 8¢€1 LT1 97’1 el 9
L01 601 901 YAR 4 9t ¥0'1 8¢l 6¢1 8¢l 10'1 860 901 S
601 66 001 ol'vy 17°¢ 86°¢ 441 (441 8€1 or'l or't 'l 14
o1 901 201 L6’V vy 816 ol 9%l 8€1 Lyl sh'l €Sl €
901 LO1 <01 66'¢ 1214 16's (841 ori a4t AN} 0T'1 90’1 4
€01 96 L6 33 2 [ %7287 LO'S o¢l 9¢l o¢l 901 101 860 T ON
UYL |
66 901 01 65V oLV (AR 4 Sel 9¢t (374! ol't L60 001 81
<01 601 901 €Y (S 4 10y LEL 6¢1 8¢l LO'1 801 'l Ll
601 01 01 68t L6V 8I°¢ vl 44l 8¢l sl 8€'1 9¢'1 91
01 901 €01 6TV Sty (AA 4 orl (31 LEL It ol'l 801 S1
01 901 601 i 274 4 €6'¢ ov'vy 6¢l 6¢l ol It £8°0 20'1 4}
(1101 801 801 8Yv [SA74 274 4 144! (44! (44! SO’ €91 4 A £l
LO1 LO1 LO1 0TS LTS &' ol 6¢tl fA7! 87’1 o€t LO'1 a
(1181 LO1 101 9Ty ILy €0’¢ 12741 ol 8¢l 101 60 180 11
SOl 201 6 €es 6'¢ LEY 8¢l eel (AR STl 10°1 660 01
801 <01 4] 9LV (XS 4 ¥y 8€1 ol €1 LTl LYAR 0T'1 6
€01 LO1 SOl 16'¢ 61V SLY 6¢1 LET orl 48! 201 860 8
801 o1 101 sy 4 A% 20°S |84} A4l orl og'l 97’1 8€'1 L
801 LO1 01 68V 4A> o8V (441 i vl 8T'1 8¢l LO'1 9
L6 Y6 86 6LV SO'S LTS 1€l £l LET LT1 Tl 31 S
It 201 801 AV R 4 9% e8¢t 341 orl wl 05’1 (Al 9zl 1 4
601 66 €01 (4748 4 1.3 4 0TS 6¢l LEL vl 0T'1 4! cl'l €
801 SOt ¢o1 88°¢ LLY 6t 8¢l 6¢l 8¢l 0Tl vil 01l (4
(1144 (X0} €01 1 2% 4 8y 167V LEl 6tl [ [ 24! [(A 48! T°ON
PT M S oM | PCiIM 8 M RN AT KX 0m ¥ OIAL BIM oim | IPSUUAT |

sjuanped JO S[AJ] JRISUIIA IAX JJqE L




Appendix / 182

Orapin Choothawornchaikul

098°0 8860 6LL O 0C0'1 $C6 0 $60°1 L98°0 6060 9190 Ll
[ 7441 POT T (1129 0960 0v80 CE6 0 560 1520 €S0 97
otT T L Z40! 3STT 0160 $S60 S0L0 7850 1920 0030 ST
oIl T SITT T6C 1 050 %980 0780 6390 65L0 1890 21
LV 1 9761 STHT 44! ¢Z80 LT 1780 780 ¥790 (9 |
09F 1 0.90 19¢1 0680 SO0 1 901 | EX:X0) SILO 1350 (41
951 24! HoT SoT1 St0T $980 ¥ZL0 8CL0 L0970 11
(320 0960 9330 $9L0 0560 5980 0990 S 7X1] 9590 or |
0L91 0ST1 LET 0890 S190 0501 S50 665 0 020 3
7911 98C'1 06L°0 08L°0 0680 5960 699°0 $96°0 1¥8°0 8
00€'1 05’1 yIST 0760 S00'1 §T8°0 LESO 1880 $6L°0 L
LY 0 0201 0€£S’1 $860 0001 SIT'1 0£L0 SL9°0 ¥6L°0 9
8860 ovT 1 vL8°0 SSL°0 SIT'1 098°0 #08°0 o'l 9590 3
0660 0ZS0 0960 09L°0 SEF 0 €870 L18°0 ZIL0 [¥SO ¥
91¢1 8LT'1 21N SL6°0 0960 0180 8I1L0 099°0 9TL0 €
9961 IS STl S00'1 st6°0 SYT1 0LLO 6L 0 6£9°0 T
oFT 1 0t0°1 0760 ST0T 08TT 5960 ¥8L°0 0TL0 990 T ON
_ oSSl |
06¢°1 0L9'1 FPLE'T 9.0 0890 0501 €0L°0 543%0) 0TL0 81
8L60 8860 ¥L8°0 0960 SSL0 0980 ¥6L°0 080 9590 JA |
8¢°1 91¢1 Il 0960 SL60 0180 09570 8IL0 9ZL0 9]
001 ¥68°0 9180 GL8 0 0Zl'1 SL8°0 1860 8680 ££8°0 91
9901 96Tl 9¢6'0 0780 SLO'T $68°0 SI8°0 168°0 S6S0 ¥
Tl 991 o¥6 0 SST'T 0ST'1 0680 0880 780 L69°0 €1
0¢E'l vLE'T ove'l ST60 60 oll'l ¥18°0 2080 T6L0 (41
PSi 1 8LT1 8LT'1 $T60 STl'l S78°0 86L°0 8€L0 £0L°0 11
89S°1 96¢'1 8660 G680 S¥8°0 S0l 1€8°0 [7A%0) ¥ELO o1
9960 8060 $66 0 OLT'1 0860 ort'’l 96L°0 €090 9IL0 6
o1l LT 9911 SLOT S060 S¥8°0 7001 0/(80 0960 8
Pl yLT1 101 S0l SL60 $98°0 8TL0 €SL°0 L090 L
06€1 ovs'1 96¢1 S68°0 SSo'1 08t'1 19L°0 9¢L0 90 9
0LT'1 orel 0Z0'1 SiT1 ST %43 86L°0 88L°0 L0970 S
0L90 9671 19€'1 $90°1 $68°0 So0'1 SLLO Z€L0 L8S0 ¥
9801 8SI'1 9901 SSO'1 0611 0L60 +#08°0 6280 TLLO €
9Z6'1 ZIT1 STH'1 SZ8°0 orl'1 eLT1 €80 86870 LY9°0 T
raAN 474! 6ec T 0011 0001 0801 SLLO 180 I3L0 T ON
FCIRR IR R LAY IR 0 FCAR IR oA | 1PSugqag |
J@gﬂda; 1 .:aagg%

sjuanjed Jo S[IAI] [eIdUIN (INUNUOD) “IAX JqBL




M.Sc. (Nutrition) / 183

Fac. of Grad. Studies, Mahidol Univ.

96 06 7S 79 39 20 179 A3 or 6% 17 1737 31
TZ 76 6 (43 49 6% 61 (4 <1 TZ 2l (7 L) S
€L ;14 %6 (17 9 £ ¥3 6L 123 93 t6 96 ST
08 3% 16 [ 39 29 LT 8 0¢ ¢4 61 12 21
53! ST LE1 59 157 .14 (%4 Tt 61 0C | §4 (44 (3|
6L 63 tL 31 JAl %4 17 écd TE T T :14 4|
tL 9 ]L (54 61 o1 21 0Z Tl Sl (34 JAl T
(57 oF oF 9 % 33 9 2T 2! 44 skl 6l (/)
601 o1l €11 LT (¥4 ¥ 61 61 07 97 81 Y4 6
99 oS ¢S 0¢ 95 02 ST 0f 91 %4 0€ 1 [
43 E3 9 61 0¢ 06 6 Sl 0T 0T ¥4 L1 L
8L 99 8% 61 S1 07 0z S1 61 97 o1 ST 9
0L VL VL [§4 (32 %4 61 43 1T 61 €T 61 S
[£7 LS IS S1 €1 4 L1 L1 81 L1 Lt 81 12
L01 L6 001 06 1L €9 8¢ o¥ vS %3 9T €€ €
65 69 LS Ly 6¥ LY A 61 1T 0z 44 3 4
(57 154 19 A1 61 0T ST 54 | ¢4 o1 02 121 TON |
UqITeTy |
79 %7 oY 0L 15 3¢ 0t 9 121 (54 T 61 31
6% 178 1 7 61 (%7 T 0C 43 TZ 91 {34 67 JA |
3L 01 001 87 06 (%] 44 3% 7S JA 73 e 9T |
L01 €01 4 ¥ St L9 97 6T o¢ 81 Lz ve ST
7L SL 43 ST 43 8¢ €T ¥ 9T 574 LT LT 3
oL ¥S ¥9 €€ (£7 8¢ )i 17 44 61 02 81 €1
101 701 101 o1 0T ¥1 1T 17 12 (14 3 62 4|
6L (%41 Tl ob g Sy 61 €C 11 91 £C 91 11
65 LS vi LE 43 42 o1 44 81 ¥4 91 02 o1
Ly 6¥ 43 9T 7 JAi 91 91 L1 81 €1 <1 6
0L 63 €L iC L1 %4 bE 8T € ST €C 8T [
<9 4 (12 8T ST € L1 L1 91 Sl Z1 71 L
0L Ol 96 Lt 7L 9T €€ €9 01 44 £ 0¢ 9
LL ZL vL 49 69 9% 89 7 3 St 6% oY S
€01 LET 811 01 vl 1T ¢l 4 75 vl 87 £¢ ¥
0¢l LS1 L€l ST v 8T L1 €C 61 81 iz 7z €
S 0% 0S €€ 53 8¢ 6¢ ¥e %3 13 ov <3 4
6 33 16 6L 39 19 -4 4 0¢ A9 3! TZ T ON |
BZA LR — V¢ A A 09A8 | FPCAM “SAM OIR TP | S0 | 0N | PooUAd |
T dv T IDD T 1458 T IODS

sjuanjed Jo §153) WOIOUNJ JIAI] °TIAX Jfqe]




Appendix / 184

Orapin Choothawornchaikul

6L 3 6L 7 6s 69L Vil ¥OL Tl 2 1 i1 2l 61 [A |
ov 3Ly v v ¢l 708 ¢l 01 60 0T 31 91 1 o1
(A (72 cov 9LL T18 T6L 90 L0 60 9 3 1 ST
5§47 v N7 TTL €69 LTL 1 Al €1 31 31 (%4 (2!
L'L§ T 60F 90L 69L vEL 80 T i ol 31 ol €T
¥ %7 80¢ €6¢ TLL LV 789 90 30 80 Z1 01 €1 41
<2 L6€ v9C o7ZL 880 8% 90 T JX0) L1 (9 o1 I
(%7 (342 Ly L9L 08L TEL L0 L0 01 6 Z1 T (1} ¢
(¥4 % (%7 C6E 639 TeL €79 A1) g0 T 3] (5| o1 6
T0€ 07E Fiv 7S 9°¢¢ 0¢9 01 T 60 44 6C vZ [
X372 9°6¢ 3LE SEL T0L 60L €1 8T v 9C ST 1T L
T oF 93¢ STv 6 VL 369 05L 60 01 T IT 2 g1 9
47 0% 0¥ T€9 885 €39 30 80 K1) €1 4d €1 S
(%7 18%7 147 TL9 1789 L9 L0 80 TT Ve 31 1 12
(377 6 0¥ v 66L 169 €39 g0 1 60 31 81 €1 €
1852 LYy 1577 TtL 99L 79L 71 T1 01 Z4 8T |14 T
L¥ 4572 57 L T99 9L 50 L0 30 IT IT Ol [ ON
gy |
sV 57 L1V T V8 9L TEL 80 L0 01 3 6 1 81
137 7oV VR 27 069 §8% €39 90 80 L0 €l 44 €1 JA |
K37 (337 17V 9L 66L €89 L0 80 60 A 81 Tl 97
o oV vy 669 $¢9 €99 €1 60 01 (3 1 €1 ST
cov 10% A4 6OL 008 6¢L 0] €1 T1 4 Al 41 21
TEp 0Ty )47 838 718 <08 S0 v0 vo 21 61 31 [
A, vy Sty TLL 10L F8L 1T ST A 31 74 vl 41
Tov 0% v b 0T1L V6L 87TL 071 60 L0 1 1 8 141
ALY (%7 STY 308 L9 L¢L L0 90 60 01 o) T o1
L€ ver L0V 69L 8L 178 1 L0 90 Il T 41 6
oty 80¢ €6¢ Vil L%9 789 S0 80 30 v1 o1 €1 8
7oF SLV SEY 6L S¢L vZL L0 A 60 A €1 <1 L
JATKS 375 LSE L9 968 SI9 01 80 60 o1 41 o1 9
8P 3P L9 989 179 €69 L0 0T 01 ST 0z 81 S
60V 9Lt 96t SZL €19 07L 80 L0 60 Al vi 1 12
L6¢ STV 60V 189 69L vEL T 1 TT ST 3 o1 €
37 3P 90v 1L 09L $'89 60 L0 €0 o1 (91 €l (4
j7} 72 [ % 7 91y [ 08 £69 LCL 0T (AR} ¢l 174 81 Y4 I ON
TR S | 0dM | FCaM TAN 09 | vCIM SHAA O | FCIAR | SAM | 0
Jor JUISTONT (210 TTP/3W) JuranesT) TP/ NI [P30q4yg

syuaned Jo s[oAd] urdjod pue §)s3) UOIJOUNJ [BUIY IIAX dfqe],

see




M.Sc. (Nutrition) / 185

Fac. of Grad. Studies, Mahidol Univ.

261 L81 S61 1285 — 6 Se's P8 L £6'L L9901 (37 1vy 0OL¥ LI
€LT 8LT 097 86V 10S 60°¢S €TL T8 L9 X2 [1§%2 (37 91
6L1 S81 651 8TV 1% 2 S 27 8T8 L6 8ET1 08¢ K23 (1¥47 ST
PSE 93¢ 0LE £0°S 66 v 434 706 €86 007 oSy oty Sy P
¥ie £6T £6¢C SES LS C S 06L 766 $901 k44 (437 LYY €1
991 891 €81 6V 61 8T £€9°¢ L 606 oSy 19% [91%7 a
274 [4¥4 83T (X34 LY LV 0.9 0CL 1TL [ §Z 0¥ 8°6¢ 1T
60T $:74 78T [ 2% $0°¢S 98 9.8 16L ov'6 86¢ 1¥%7 1X$7 o1
(Y43 93¢ 66¢ £€CS I8V [FALS 798 €98 956 VEr 0ty (1% 2 6
$1T 961 97C [ LTS 0°¢ Zr ot 6911 ov'el 00 RS LY 8
89¢ ove LT 9TV 5% (352 8¢9 €L 06 80¢ 9LE oy L
68¢ 274 T1€ 97 (X7 232 0.9 69°S 189 00 01y L'ty 9
£€6C 19C (%74 00¥ [1%2 742 078 $69 VL 42 08¢ (A4 S
00¢ (23 6L% (X272 1EZ7 11K7% % $S9o 816 X2 06t L6t ¥
96¢ (437 08¢ 7o v LV 9% v 601 95Tl 6611 [i¥4% (K3 98 €
1€T 86¢C TLT 60°S V6V IR 7 68°L 6Tl 0101 09% (1§17 %2 4
6Lt 113 1457 $9°T 65 S oS 658 163 96 224 1% 7 LA 7 [ ON

—_— . 0Go0%
¥0¢ 60T T8¢ ¥4 1252 98¢ 601 9L'8 96 S 0b 8°6¢ 0SH ST
£ee 19T [X:74 (42 iy ¥y SE9 569 VL 0F oy [A4 2 JA
1147 (432 08¢ ov Y LY %6V 696 9CTI 6611 00V 11v 98% 91
6¥C LT 68¢ 65°S 69°C 9¢9 018 0r'L ¥09 08y 9k 01¢ S
9 ¥4 (544 19T 2 8¢C¢ €S Sl Al $09 9%y i¥4% 0vF 21
(1174 19T 44 8LV 6¥ A x7 0TL P o1 789 0ov 065 60F €1
0¢€ 8T¢ 0S¢t 6y vev (4:%7% VoL S WA X 0sY (187 2 6 v (4
(Y44 (X %4 (%44 9 €0°S 86V ov9 609 ¢19 ooV vy Ly it
493 LTT £€6C €9 99°¢C 90°¢S ¥6°S 99°¢ ¥SS [A4% S7 6cCh 01
76¢ 68C 10t ve i€s [re €L 1TL €L 0ch 0ch 547 6
781 891 €81 Y 06V 8P A L 606 (1X%7 9% %7 8
LIT f443 (A1 16 ¥ 68V 9% €78 758 88 8TP 'ty 1oV L
T6C 80¢ 8¢€¢ 89V SIS [ 3%Z £88 98Tl ov il 0wy 01S oSy 9
067 6T 8¢€T 1232 SLY 427 or'8 L8 66 X472 00F 0Ty g
95T ¥<T 6LT 9tV [43 7 LTv &9 1S9 108 (112 ooV 00y 17
91¢ £€6¢ €67 ¢8°¢ LS (44 798 766 $9°01 1§47 T LYy €
90v 09T 06¢ 6LV 8LV vy 799 8L 0LL 01 TSy €6t 4
85T 93¢ (14 17:%4 (%7 (437 10T t86 00L 91 gZh SR T"UN

FCAAR | S A A FCAN AL iR 1., FCARR TAXX — 09 FCIXRX | SAM | 0IM

Oy T e T turmy; Ty T AR (V) ATOTeus p30qhy

sjudijed JO S[OAJ] [BIIS0[0JBWIH “XIX JqB L,




Appendix / 186

0¢C T I ST

L1 4 T 961

Sl 4 6 121

€1 4 8 i1

€1 £ L 18

T1 T 6 86

T1 4 8 601

T1 (4 L 901

T1 9 9 Pl

4 (4 L 98

1 I 8 STl

vl 3 9 $6

60 i S ¥9

o1 1 6 il

o1 € 6 9¢T ON

“OUIRLT

61 (4 8 8C1

vl 3 9 $6

91 v 6 il

L1 [4 9 L6

91 T 01 091

vl 1 8 €91

4l T 8 101

80 Z 3 89 1
91 4 9 v oI
81 1 6 L01 6
1 (4 6 86 ]
81 T ¢l 42 L
80 1 S 18 9
Sl v Tl £Vl S
T1 1 L 1 ¥
€1 € L 18 €
vl 3 4 €51 (4
[ — T g 2188 “ON

(ynw) HSL (Ip/3u)¥L g (1AM *L 1e10L (Tp/3u)EL [980qAq

153} UoI}dUNJ PIOJAY ],

Orapin Choothawornchaikul

sjuonjed Jo §3593 UONOUNJ PIOIAY L, XX d[qe ],




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 187

BIOGRAPHY
NAME Miss Orapin Choothawornchaikul
DATE OF BIRTH 17 November 1969
PLACE OF BIRTH Bangkok, Thailand
INSTITUTIONS ATTENDED

Thai Red Cross College of Nursing, 1987-1991
Bachelor of Nursing
Mahidol University, 1994-2000.

Master of Science (Nutrition)

43943



