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ABSTRACT

Dietary control is necessary for diabetic patients to reduce the risk of
complications. The consumption of fruits to substitute for desserts has been encouraged
because of the resulting increased intake of fiber, micronutrient, and antioxidants.
However, fruits contain various types and amounts of carbohydrate which variously affect
blood glucose, and lipids. This study determined the acute responses of blood glucose,
lipids and viscosity after ingestion of various amounts and types of fruits and also their
glycemic indexes.

Sixteen DM type 2 patients were randomly divided into 2 groups to consume
different test fruits. The test fruits consisted of 30 g and 50 g CHO of tangerine, rambutan,
pomelo, rose apple, banana (Kai variety), and papaya, and 50 g glucose drink. All subjects
underwent 6 tests of fruit consumption and a 50 g glucose drink. On the test day, each
subject underwent an overnight fast and consumed one kind of test fruits. Baseline and
postprandial blood samples were collected to determine plasma glucose, serum lipids and
blood viscosity.

The results showed that bananas gave the lowest plasma glucose response curve
in 30 g and 50 g CHO. The mean percentage change of plasma glucose and area under the
glucose response curve (AUC) after eating 30 g CHO of tangerines tended to be higher
than other fruits. Comparing the different amounts of CHO, a significant difference of
AUC was seen in rambutan, pomelo, banana, and papaya. Glycemic indexes of banana,
tangerine, papaya, rambutan, rose apple, and pomelo were 26, 30, 38, 47, 50, and 59,
respectively. The mean triglyceride levels at 5 h after ingestion of all kinds of fruits tended
to be increased from baseline especially both doses of tangerine, rambutan, and pomelo
and 50 g CHO of banana. Total cholesterol levels did not change after ingestion of
different amounts and kinds of fruits. The HDL-C levels were significantly decreased after
ingestion of both doses of pomelo and 50 g CHO of rambutan. The LDL-C levels were
significantly decreased after ingestion of 50 g CHO of rambutan, papaya, and pomelo. The
percentage reduction of LDL-C was significantly larger after the 50 g CHO of pomelo
than the 30 g CHO dose. There was no significant increase of whole blood viscosity at 5
hr after ingestion of different amounts of these fruits.

It can be mentioned that hyperlipidemic type 2 DM may ingest either three
servings (50 g CHO) of rose apple or banana or papaya at a time without causing
deleterious effect on blood glucose, serum lipids, and whole blood viscosity. However,
high doses (50 g CHO) of tangerine, rambutan, and pomelo may produce hyperglycemia
and dyslipidemia.

KEYWORDS : FRUIT/ DIABETES/ HYPERLIPIDEMIA/ BLOOD VISCOSITY
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CHAPTER I
INTRODUCTION

Diabetes mellitus is a group of metabolic disorders and associated with
severe microvascular complications (e.g., kidney disease and eye disease) and
macrovascular complications (e.g., stroke and ischemic heart disease) (1-4). These
complications can result in severe long-term complications (e.g., amputation,
disability, and blindness) and account for a substantial economic burden (5).

Most diabetes patients have health problems or risk factors such as high
blood pressure and dyslipidemia (increased of triglyceride, cholesterol, very low
density lipoprotein and decreased high density lipoprotein) that increase the risk for
heart disease and stroke. Diabetes is associated with a 2- to 4- fold increased risk of
coronary heart disease (CHD) (6). Additionally, diabetic patients have an increased
case fatality rate after myocardial infarction than in non-diabetic subjects and
cardiovascular complications occur at an earlier age and often result in premature
death (7). According to the Framingham Heart Study (8) cardiovascular disease (CVD)
incidence rate among diabetic patients was 146.9 per 10,000 person-year and among
participants without diabetes were 54.3 per 10,000 person-year in the 1977-1995.

The cause of diabetes mellitus is from the inadequacy of insulin hormone (9-
11). In the absence of sufficient insulin, glucose cannot cross the cell membrane and
accumulates in the blood, leading to hyperglycemia and glucosuria. Insulin also affects
the performance of the intracellular lipase and lipoprotein lipase, by inhibiting the
activity of intracellular lipase which breaks down triglycerides in adipose tissue (12,
13) into glycerol and non esterified fatty acids (NEFAS) and by stimulating the activity
of lipoprotein lipase which breaks down very low density lipoprotein (VLDL)
triglycerides. Therefore, either insulin resistance or deficiency can lead to increased
circulating NEFAs released from the adipose tissues resulting in over production of
hepatic triglycerides and over secretion of VLDL from the liver and defective VLDL

lipolysis which leads to hyperlipidemia and consequently atherosclerosis and ischemic
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heart disease (IHD). There have been several reports relating blood viscosity to
pathogenesis of ischemic heart disease (14-26). Several studies (20-22) also suggested
that diabetic patients which had insulin resistance and hyperlipidemia had high blood
viscosity and were associated with a high risk of atherosclerosis and ischemic heart
disease. Blood viscosity is an important determinant of blood flow (14-17, 25) and the
rate of oxygen transport and delivery in the circulation and coronary blood flow. If
there is a decrease in the blood flow from hyperviscosity, this could worsen the
hypoxia and further accelerate the process of vascular occlusion (18, 19).

Dietary control is necessary for diabetic patients to gain good diabetic control
(10, 11, 27). The American Diabetes Association (ADA) (28) has suggested that the
carbohydrate intake should be up to 55-66 % of total calories and food containing
complex carbohydrate with fibers should be substituted for highly refined
carbohydrates. In Thai society, one of the major sources of dietary carbohydrate is
fruit. The carbohydrates of the fruits include monosaccharides (glucose, fructose),
disaccharide (sucrose) and complex carbohydrates (starch and non starch) (29).
Several studies (30-33) indicated that fruits can protect hypertention, stroke, cancer
and cardiovascular disease; however, various amount of simple carbohydrates in the
fruits may result in worsening of diabetic control. Though fructose is absorbed more
slowly from the gastrointestinal tract than glucose (34, 35) but it can elevate serum
triglycerides (36-39).

Different foods containing the same amount of carbohydrates may give a
different glycemic response. For this reason the glycemic index (Gl) of food has been
proposed as the ratio of blood glucose area under the curve of tasted food to that of a
reference food (40-42). The United Nation Joint Food and Agriculture Organizations
do recognize and promote the use of GI in diabetes dietary management (43). The
Diabetes Nutrition Study Group of the European Association for the Study of Diabetes
states “carbohydrate containing foods which are rich in dietary fiber or have a low
glycemic index are especially recommended” (43, 44). Low glycemic index diets have
been shown to lower urinary c-peptide excretion in healthy subjects, improve glycemic
control in diabetic subjects, and reduce serum lipids in hyperlipidemic subjects. The
consumption of low glycemic index diets has been associated with higher HDL-
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cholesterol concentrations and in large cohort studies, with decreased risk of
developing diabetes, cardiovascular disease and other complications (45-47)
Glibertson et al. (48) have recently shown that the use of low glycemic index foods
improved HbA;. levels without increasing the risk of hypoglycemia in children with
diabetes and that using a food pyramid based dietary instruction method enabled the
children to successfully choose a low Gl diet without impacting the dietary quality of
the children’s diet, nor their perception that their food choices were more limited.
Komindr et al (49) suggested that in addition to strict dietary control, ingestion a low
glycemic diet (mungbean noodle) without increasing fiber intake, can improve
diabetic control and protein conservation in type 2 diabetes.

Thus, with the evidence supporting the value of low GI foods in the
management of diabetic or hyperglycemic patients it is important to know the
glycemic indexs and the response of blood after ingestion of fruits. So this study
determined the glycemic index of Thai fruits and response of blood lipids and blood
viscosity after ingestion of various amount and type of fruits.

Objectives

1. To determine the glycemic indexes of tangerine, banana, papaya, pomelo, rose
apple, and rambutan.

2. To determine the acute responses of plasma glucose, serum lipids and blood
viscosity in hyperlipidemic type 2 DM patients after ingestion of different amounts
of fruits.

3. To determine the factors which affect glycemic index and glycemic response of

fruits including type of sugar and fiber.
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CHAPTER I
LITERATURE REVIEW

Epidemiology

Diabetes is already recognized as a public health problem of pandemic
proportions. Type 2 diabetes mellitus has been rapidly emerging as a major health
threat in populations from both developed and developing countries. The prevalence of
diabetes for all age groups worldwide was estimated to be 2.8 % in 2000 and 4.4 % in
2030. The total number of people with diabetes is projected to rise from 171 million in
2000 to 366 million in 2030. In 2002, there are 18.2 million people in the United
States, or 6.3% of the population, who have diabetes. A 16 % increase (50, 51) in
diabetes prevalence was noted between 1980 and 1994 and in the 8-year period from
1990 to 1998, there was a 33 % increase. Prevalence is currently higher in developed
than in developing countries, but the majority of people affected already resides in
developing countries, and prevalence is increasing at a much more rapid rate in the
developing countries. A study (52) showed the projected numbers of people in
developed and developing countries with diabetes in the years 1995 and 2025. In the
developing countries, a 48% increase in prevalence, from 3.3 to 4.9%, and a 170%
increase in number, from 84 to 228 million, is projected. In the developed countries,
increases in prevalence during this period will average; 27%, from 6 to 7.6%, thus
increasing from 51 to 72 million people.

In Asian region, the incidence of diabetes mellitus was calculated to be 27.4
per 1000 person-years in Taiwan (53). The prevalence of diabetes was 9.1 % for men
and 10.8 % for women. The prevalence of impaired glucose tolerance (IGT) was 12.0
% for men and 16.5 % for women in a rural area in Japan (54). However, in 1964 to
1992, the estimated of prevalence of diabetes mellitus was 9.6-11.9 % in Japanese
adults 40 years old or over. In the Kashmir valley (55) of the Indian subcontinent,

the prevalence of diabetes and IGT were 1.89% and 8.09 %, respectively. The
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prevalence of diabetes mellitus raises from 4.7 % in 1984, 8.6 % in 1992 and 9.0 % of
Singaporean (56) adults 18-69 years old in 1998. In Thailand (57) the estimated
national prevalence of diabetes in adults was 9.6 % (2.4 million people) in 2000. The
incidences of diabetic complications in various organs (58) were 7.5 %-46.2 %.
Moreover type 2 diabetes mellitus (DM) is being diagnosed more frequently in
children and adolescents. The results of study of patients with DM in the Division of
Pediatric Endocrinology, Faculty of Medicine, Siriraj Hospital (59) demonstrate that
type 2 DM in Thai children and adolescents has increased from 5% during 1986-1995
to 17.9% during 1996-1999. Mean age was 11.6 years. Mean BMI was 27.8 kg/m’.
The period of increase in type 2 DM is associated with an increase of obesity

prevalence from 5.8% in 1990 to 13.3% in 1996.

Diabetic Dyslipidemia and Cardiovascular Disease

Diabetes is a major risk of cardiovascular disease. In the United States (6),
diabetes is associated with 2- to 4- fold increase in the risk of coronary artery disease.
As the population in the United States has aged, the incidence of the deadly quartet
(obesity, glucose intolerance, and dyslipidemia) has markedly increased, culminating
in the current epidemic of type 2 diabetes mellitus. Of all individuals who have
diabetes, approximately 85 % to 90 % have type 2; it typically affects older patients,
especially those over the age of 50. Diabetes mellitus is now considered a
“cardiovascular (CV) risk equivalent” because patients with type 2 diabetes and no
prior history of CV disease have the same future risk of having a myocardial infarction
(MI) as non-diabetics with a prior history of MI. Lipid and lipoprotein abnormalities in
diabetic are part of the reasons attributing to coronary heart disease (CHD). Thus the
control of serum lipids is important for preventing CHD in diabetic.

The characteristic lipid profile of diabetes patients is elevated triglycerides,
cholesterol (60, 61), small- dense low density lipoprotein (LDL) particles (6, 62) and
VLDL, reduced HDL-C (63, 64) levels and elevated serum LDL-C (61) in some
patients. Then pathophysiologic mechanisms contributing to macrovascular disease in
type 2 diabetes mellitus include hypertriglyceridemia, high small-dense LDL and low
HDL-C levels (61, 62, 65).
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Result from the WHO multinational study indicated that ischemic heart
disease (IHD) was more strongly associated with serum triglyceride than cholesterol
levels, especially in obese type 2 diabetic patients (66). The risk of CHD (67) was
doubled in type 2 diabetic patients with high total triglycerides level > 204 mg/dL (2.3

mmol/l).

Blood Viscosity and Diabetes Mellitus

Blood viscosity is an important determinant of blood flow (17, 68, 69) and
the rate of oxygen transport and delivery in the circulation and coronary blood flow.
The rate of coronary blood flow is equal to pressure divided by resistance. An increase
in blood viscosity will cause an increase in flow resistance and thus a reduction in
blood flow at a time period. If there i1s a decrease in the blood flow from
hyperviscosity, this could increase the hypoxia and further accelerate the process of
vascular occlusion (18, 19).

Viscosity is a property of fluid (15) related to the internal friction of adjacent
fluid layers sliding past one another as well as the friction generated between the fluid
and the wall of the vessel. This internal friction contributes to the resistance to flow.
For a moving fluid, the coefficient of viscosity (1) can be defined as the ratio of shear
stress (1) to shear rate (D):

n=1D

where shear stress represents energy loss due to friction between adjacent fluid layers,
and shear rate refers to the relative velocity of the fluid layers fluid with strong
intermolecular attractions offer a high resistance to flow and have high coefficients of
viscosity. The unit of viscosity is the poise, which is equivalent to 1 dyne.s/cm®.
Relative viscosity is a convenient way of expressing viscous properties by comparing
the viscosity of a fluid to that of water. The relative viscosity of whole blood is in the
range of 3 to 4 and the relative viscosity of plasma is approximately 1.8 (15).

Blood is a non- Newtonian, shear thinning fluid; its viscosity is not constant,
even with unchanged composition, blood viscosity changes with the speed at which it
flows. The shear dependence of blood viscosity is a function of red blood cell

aggregation at low shear rates and red blood cell deformation at high shear rates (70,
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71). Blood viscosity should be expressed in absolute units (mPa sec, = cP) at a stated
shear rate (or shear stress), temperature (usually 37°c) and hematocrit (14).

Factors influencing blood viscosity are the concentration of red blood cells
(hematocrit, Het), the amount of free fibrin (fibrinogen that has been transformed due
to part activation of the coagulation system), plasma viscosity, the flexibility of red
blood cells, the tendency for elements in the blood (such as red blood cells) to form
larger groups and to a lesser extent, the concentration of white blood cells and platelets
(14,70, 72).

A substantial number of epidemiological studies (18, 73, 74) have evaluated
the relationship between blood viscosity and cardiovascular disease. The risk of a
major cardiovascular event (death, acute myocardial infarction or acute need for
cardiovascular surgery) increases with elevated blood viscosity. In the Edinburgh
Artery Study (74), blood viscosity has been strongly associated both with
asymptomatic peripheral arterial disease and with the risk of subsequent
cardiovascular events (ischemic heart disease or stroke). This result suggests that
blood viscosity may be important risk factors for the development of early
atherosclerosis. Elevated blood viscosity has been found in a number of conditions
associated with increased risk of cardiovascular disease, such as hypertension,
smoking, diabetes and elevated LDL cholesterol.

High blood viscosity was found in diabetes patients (75, 76). Several studies
also suggested that diabetic patients with insulin resistance and high blood viscosity
were associated with a high risk of atherosclerosis and ischemic heart disease (77, 78).
Brun et al (20) suggested that blood hyperviscosity was a symptom of insulin
resistance while Moan et al (22) reported that changes in blood viscosity, hematocrit
and other hemorrheologic factors were correlated to insulin sensitivity. The
relationship between type 2 DM and cardiovascular heart disease is well known and
the early rheological impairment could be the factor that links both pathologies.

Some factors involved in hyperglycemia (77, 78) and dyslipidemia (79-82)
are also suspected of impairing hemorrheology promoting changes in the
microcirculation and they are independent risk factors for coronary heart disease.
Several studies found that plasma viscosity was found to have a positive linear

association with chylomicrons, very low density lipoprotein (VLDL), low density
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lipoprotein (LDL), total cholesterol and apolipoprotein B and negative linear
association with HDL-cholesterol and with apolipoprotein A-1. Moreover,
Mellinghoff et al (24) found that well controlled diabetic patients had significantly

lower value of viscosity and density of plasma than poorly controlled patients.

Dietary Management for Diabetic Patients

The management of diabetes includes dietary management, exercise and used
hypoglycaemic agent or insulin for glycemic control (83). Due to DM is metabolic
disorder. So dietary management is attract because it is lower cost and directly effect
to blood glucose and insulin level. In diabetic control, the choice of quantification and
qualification of food improves glycemic control and decreased the risk of acute and
long term complication particularly cardiovascular disease.

In the role of diet, particularly carbohydrates, the diabetes associations of
many countries around the world reviewed their dietary recommendation and advised
that diabetic patients should consume high carbohydrate (complex carbohydrate eg.
whole grains, fruits, vegetable) with low fat, low glycemic index, high fiber and

restrict simple sugars (84).

Glycemic Index and Diabetes Mellitus

The glycemic index concept was initially proposed in 1981.The glycemic
index is the incremental area under the curve of blood glucose produced by a standard
amount of carbohydrate in a food, usually 50 g, relative to the incremental area
produced by the same amount of carbohydrate from a standard source, usually white
bread or glucose. The concept of the glycemic index can also be applied to whole
meals or overall diet (43) so it is being recommended as a guide to food choices for
the control of postprandial glycemia (85).

Both metabolic and epidemiologic evidence (46, 47, 86-88) suggests that
replacing high glycemic index forms of carbohydrate with low glycemic index
carbohydrates will reduce the risk of type 2 diabetes in normal subjects and reduce the

risk for the chronic complication of diabetes in diabetes patients.
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Compare to the effect of the intake of a low glycemic index food (43), high
glycemic index food with the same equivalent in carbohydrate content induces a
higher peak of circulating glucose and a large area under the curve over the early
postprandial period. As a consequence of the induced insulin response, intake of a
high glycemic index food results in lower blood glucose concentrations over the late
(2-3 hour) postprandial period than that of a low glycemic index food. High glycemic
index foods are those with high carbohydrate content and foods that are rapidly
digested. Specific factors that affect increased glycemic index include; high refined
carbohydrate content; high glucose and/or starch content relative to lactose, sucrose
and fructose content; low soluble fiber content and finally, soft overcooked highly
processed or over ripened food textures (89-94).

Conversely, low glycemic index foods cause a lower peak glucose (43),
demonstrate a smaller area under the curve for the increment in blood glucose in the 2
hour postprandial period, and have a lower risk of causing relative hypoglycaemia
(because of the reduced responses of counter regulatory hormones).

The rapid increase in blood glucose after the ingestion of rapidly digestible,
high glycemic index carbohydrates (43) may increase serum triglycerides, satiety and
suppress appetite and food intake in the short term, whereas the consumption of slowly
digestible, low glycemic index carbohydrates (43, 95, 96), which results in slow,
prolonged glucose disposal, may be more effective in sustaining satiety in the long
term.

Insulin resistance may also occur with a high glycemic index diet because of
the direct effects of hyperglycemia (97), counter-regularatory hormone secretion and
increased late postprandial serum free fatty acids levels (98).

Regular consumption of low glycemic index meals compared with
isoenergetic and nutrient controlled high glycemic index meals (46, 99), results in
reduction 12-h blood glucose, total serum triglyceride, serum cholesterol, insulin
secretion, serum fructosamine, 24-h urinary c-peptide levels.

Low glycemic index foods have helps in reducing early post prandial
hyperglycemia and decreasing risk for post absorptive hyperglycemia, serum

cholesterol, triglyceride, triacylglycerol, free fatty acids and LDL-C among both
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diabetic and nondiabetic, especially among people with somewhat elevated
triglycerides (46, 47, 86).

In addition to, under weight maintenance conditions (100), low glycemic
index diets shown lower postprandial and daylong glucose level, glycated
haemoglobin, triglyceride and total cholesterol concentration as compared to high

glycemic index diets.

Carbohydrate in Fruit

The consumption of fruits should continue to be encouraged because of the
resulting increased intake of fiber, micronutrients, and antioxidants (101, 102). In
addition fruits are the major sources of dietary carbohydrate. Epidemiologic data (101,
103, 104) support the association between high intake of vegetables and fruit might
slow or prevent the onset of chronic diseases. A high consumption of fruits and
vegetables is associated with a significantly lower risk of coronary artery disease and
stroke. Singh et al (105) reported that consumption of 0.5-1.0 kg guava could decrease
blood pressure, serum cholesterol and triglycerides. Sablé-Amplis et al showed that
consumption raw apple reduced serum cholesterol. However, in diabetic control the
choice of the right type and quantity of fruit is important because fruits contained high
simple carbohydrates and may result in high blood glucose, lipid and viscosity. The
rise of blood glucose and lipid in type 2 diabetic patient after ingestion of fruits varies
markedly and depends on many factors, including the composition of carbohydrate
and amount of carbohydrate consumed.

The carbohydrates of the fruit include simple sugars (glucose, fructose and

sucrose) and complex carbohydrates (starch and non-starch)

Simple sugars (106-108)

The major simple sugars in fruit are the monosaccharide glucose and fructose
and the disaccharides sucrose. Glucose is derived from the free glucose in fruits and
from the hydrolysis of starch and disaccharide (maltose and sucrose). Glucose is most

rapidly absorbed by passing into the peripheral circulation and entering the peripheral
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tissues under the influence of insulin and induced hyperglycemia. Fructose is absorbed
more slowly than sucrose and does not require insulin for entering into cells. Sucrose
is disaccharides (glucose and fructose). Disaccharides are too large to cross the
mucosal cell membrane and must, therefore, be hydrolyzed into monosaccharides
before absorption. The absorption of fructose from the intestine is greatly facilitated
by the presence of free glucose. Moreover the absorption of fructose in the presence of
di-, tri-, and oligosaccharides from starch hydrolysis might not have been as rapid as it
would have been in the presence of free glucose. Derived glucose from the hydrolysis

of disaccharides is more rapidly transported into cells than free glucose (109).

Complex carbohydrates

Starch is polysaccharides, which will be turned into mono-, di, and
oligosaccharides after hydrolysis. In general, complex carbohydrates break down more
slowly than simple sugars (108, 110, 111).

Non-starch polysaccharides are soluble (such as gum and pectin) and
insoluble fibers (such as cellulose, hemicellulose and lignin). Fiber has no calories
because the body cannot absorb it so it low fat and low calories. Current evidence has
suggested that high fiber diet, about 20-35 grams of dietary fiber per day, especially of
the soluble fiber supplements offered some improvement in carbohydrate metabolism,
lower total cholesterol and LDL-C (112).

In study patients with type II diabetes (113, 114) , soluble fiber decreased
insulin levels in the blood, keep cholesterol under control by removing bile acids that
digest fat and regulate blood sugar. This is accomplished by coating the gut's lining
and delaying stomach emptying. As a result, they can slow sugar absorption after a
meal and may reduce the amount of insulin needed. Tinnarat et al (115) defined that
blood glucose concentration was flattened in diabetic patients after one month of high
dietary fiber intake. On the other hand, insoluble fiber had little or not effect on plasma

glucose and serum lipid. It helps to prevent constipation and possibly colon cancer.
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Metabolism of Glucose and Fructose

Fructose Glucose
Fructokinase, fast hexokinase, slow Glucokinase
F-1-P G-6-P glycogen
F-6-P
Aldolase T Phosphofructokinase

Slow rate limiting

v aldolase
Glycerol-3-P < F-1 ,"6—P
Acetyl Co A carboxylase
G-3-P acyltransferase Acetyl CoA ———» Oxidation
Triglycerides < Fatty acids

Figure 2.1 Metabolism of glucose and fructose

Although glucose and fructose are similar molecules, they are metabolized
differently within the cell. The monosaccharides pass in to the liver. The metabolism
of both sugars begins with phosphorylation (109). Glucose is phosphorylated to
glucose-6-phosphate by enzymes hexokinase or glucokinase. Glucose-6-phosphate is
used for the synthesisof glycogen or subsequently isomerized to fructose-6-phosphate
and further then to fructose-1,6-phosphate which enters into the glycolytic pathway
and other, fructose-1, 6-phosphate is then split into glycerol-3-phosphate and continue
in the lipogenesis.

The hepatic metabolism of fructose begins with its phosphorylation by one or

two enzymes, hexokinase or fructokinase. However, fructose is mainly metabolized in
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the liver; fructose is converted to fructose-1-phosphate rapidly than fructose-
6phosphate because liver fructokinase activity is greater than the combined activity of
hepatic hexokinase and glucokinase. The fructose-1-phosphate is broken down to
glycerol-3-phosphate and is used for the synthesis of triglyceride (109, 116). The
products of fructose metabolism in the glycolytic pathway of the liver are glucose,
glycogen and lactate.

The hepatic metabolism of glucose is limited by the capacity to store glucose
as glycogen and, more importantly, by the inhibition of glycolysis and further glucose
uptake resulting from the effects of citrate and ATP to inhibit phosphofructokinase. In
contrast, fructose uptake by the liver is not inhibited at the level of
phosphofructokinase, fructose consumption results in large increases of circulating

lactate than does consumption of comparable amount of glucose (35, 117).

Blood Glucose and Lipids Response to Simple Sugars and Starch in Diabetic

Patients

Allen et al (118) studied in diabetic dogs showing more rapid rise in blood
glucose concentrations and greater glucosuria after ingestion of glucose than after
complex carbohydrate starch. Swann et al (112) showed that the blood glucose and
insulin responses were higher following a glucose load than following a starch load.
Moreover, the elevations of blood lipid concentrations also respond to large amount of
dietary sugars. Consumption of carbohydrates is associated with increased plasma
triglyceride concentration but no effect in plasma cholesterol concentrations. In
human, increased triglycerides are observed with very high intake of over 35 % of
energy from sucrose or over 20 % of energy from fructose (119). Nikkila and Kekki
(120) demonstrated that increased sugar intake caused increased blood triglyceride
levels in nondiabetic subjects.

The absorption of fructose from the intestine (121) is greatly facilitated by
the present of free glucose but the present of di-, tri-, and oligosaccharides from starch
hydrolysis might not have been as rapid as it would have been in the presence of free
glucose (122). Patricia M. et al. (123) found that fructose must be consumed before a

starchy food in order to reduce postprandial glycemia. This finding may have practical
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applications because the small amount of fructose used in their study (10 g fructose)
could easily be obtained in the diet via fruits (eg. an apple has 9-10 fructose). Fructose
was considered beneficial because it was thought to stimulate lower postprandial
plasma concentrations of glucose; for example, Bantle et al and Osei et al (124) found
that fructose reduced blood glucose concentrations in comparison with either
isocaloric sucrose or isocaloric diabetic diets in patients with diabetes. Crapo et al
(125) examined the acute effect of the ingestion of 50 g load of glucose, sucrose and
fructose in DM type 2 patients. Fructose ingestion resulted in significantly lower
plasma glucose and insulin responses than did sucrose or glucose although; some
investigators showed that starch and glucose assimilated at the same rate. Furthermore,
Rosalie et al (126) showed that type 2 diabetes subjects drank equienergetic preloads
of glucose (75 g), fructose (75 g) and water 3 hours before an ad libitum buffet lunch.
The results appeared oral fructose ingestion produced a lower postprandial plasma
glucose response than equienergetic glucose. Moreover, this study found that 1)
fructose ingestion produces greater increases in plasma insulin concentration in type 2
diabetics than nondiabetics and 2) glucose and fructose have equivalent short-term
satiating efficiency in both type 2 diabetics and nondiabetics.

But undesirable results of fructose from experimental studies in animal
model and from short-term feeding trials among humans suggest that higher fructose
intake contributes to insulin resistance, impaired glucose tolerance and
hyperinsulinemia. Furthermore, studies showed that fructose intake stimulates
lipogenesis and increases plasma triacylglycerol concentration compare with other
types of sugar and fructose intake resulted in weight gain. Taken together, these results
suggest high intake of fructose overtime might deteriorate insulin sensitivity; for
example, Sleder J. et al. (127) showed that rats fed diets containing 66 % glucose or
fructose, 22 % casein and 12 % lard for 1 week. The effect of fructose diets on plasma
triglyceride, glucose, and insulin concentrations were higher than other foods. This
study indicated that fructose-induced hypertriglyceridemia is associated with
significant hyperinsulinemia. However, other studies (34, 128) showed that small to
moderate amount of fructose may be beneficial in improving glycemic control and
does not cause hypercholesterolemia, hypertriglyceridemia ,or abnormalities in

triglyceride turnover in type 2 diabetes and mild-to-moderate hypertriglyceridedmia
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subjects. In conclusion, diabetes patients can consume fructose in fruits, vegetables
and other foods but uses of added fructose as a sweetening agent may cause

deteriorating effects.

Copyright by Mahidol University



Pasinee Chartchuathaicharoen Materials and Methods / 16

CHAPTER Il
MATERIALS AND METHODS

A. Experimental Design

Subject selection

Sixteen hyperlipidemic DM type 2 patients were enrolled. Their ages ranged
from 31-70 years. Their fasting plasma glucose levels were over 120 mg/dL, serum
triglycerides levels were over 150 mg/dL and/or serum cholesterol levels were over
200 mg/dL (129). All subjects were not suffered from severe kidney or liver disease,
anemia or any hormonal disturbances. There was no change in the amount of insulin or
hypoglycemic agents used during the study.

The study was performed at the Clinical Research Center, Ramathibodi
Hospital, Bangkok, Thailand. The objectives and details of the study were explained to

all subjects and written consents were signed.

Fruit selection

Six kinds of Thai fruit were selected according to their popularity score lisred
by the diabetic patients. They are banana-Kai variety (Musa sapientum, Linn.),
tangerine-Bangmod variety (Citrus nobills), papaya-Khak-dam variety (Carica
papaya), pomelo-Khawnampueng variety (Citrus spp.), rambutan-Rong-rean variety

(Nophelium lappaccum, Linn) and rose apple -Tubtimjan variety (Eugenia spp.)
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Selection of dosage of fruits

All fruits were purchased as fresh fruits from a local grocery at the same
market. They were not too raw or too ripe. Two test amounts of fruits were chosen
according to the amount normally eaten and the amount used for glycemic index test
as follow 30 and 50 g which equalled to 2 and 3 serving sizes of the food exchange
(130-132) portions of fruits calculated from Thai food table (133) (Table 3.1).

Table 3.1 Actual weight of fruits containing different carbohydrate portions

Weight (g)
Kinds of fruit
30 g CHO 50 g CHO
Tangerine 333.33 555.56
Pomelo 241.94 403.23
Rambutan 172.41 287.36
Rose apple 454.55 757.58
Papaya 254.24 423.73
Banana-Kai variety 86.21 143.68
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Analysis of carbohydrate content in fruits

The composition of carbohydrate content of the fruits was analyzed by Food

and Nutrition Technical Services, Institute of Nutrition, Mahidol University, Thailand

(Table 3.2).

Table 3.2 The methods used for analyzing the composition of carbohydrate

content of the fruits

Nutrient Method
Carbohydrate Calculation
Glucose HPLC
Sucrose HPLC
Fructose HPLC
Total dietary fiber Enzymatic-gravimetric
Soluble fiber Enzymatic-gravimetric
Insoluble fiber Enzymatic-gravimetric
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The composition of carbohydrate content of different fruits was described in
Table 3.3. Banana and rambutan contained 4-5 time higher carbohydrate content than

rose apple and tangerine.

Table 3.3 The composition of carbohydrate content of the test fruits

Kinds of g/ 100 g fruit weight

fruit CHO G F S DF SF ISF
Tangerine 9 1.5 1.3 4 A 0.7 0.8
Pomelo 12.4 1.1 19 59 0.8 0.6 0.2
Rambutan 17.4 2.2 3 7.4 1.5 0.4 1.1
Rose apple 7.6 3.2 3P nd 0.9 0.2 0.7
Papaya 11.8 3.1 2.6 nd 1.2 0.6 0.6
Banana-Kai 34.8 8.3 7.6 4.8 2 0.6 1.4

CHO = Carbohydrate, G = Glucose, F = Fructose, S = Sucrose,
DF = Total dietary fiber, SF = Soluble fiber, ISF = Insoluble fiber, nd = Not detectable
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Characteristics and portions of different fruits

(B)
Figure 3.1 Tangerine : 30 g CHO (A) and 50 g CHO (B)
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Characteristics and portions of different fruits (continued)

(B)
Figure 3.2 Pomelo : 30 g CHO (A) and 50 g CHO (B)
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Characteristics and portions of different fruits (continued)

(A)

(B)
Figure 3.3 Rambutan : 30 g CHO (A) and 50 g CHO (B)
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Characteristics and portions of different fruits (continued)

(B)
Figure 3.4 Rose apple : 30 g CHO (A) and 50 g CHO (B)
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Characteristics and portions of different fruits (continued)

(B)

Figure 3.5 Banana-Kai variety : 30 g CHO (A) and 50 g CHO (B)
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Characteristics and portions of different fruits (continued)

(B)
Figure 3.6 Papaya : 30 g CHO (A) and 50 g CHO (B)
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Study design

The subjects were randomly divided into 2 groups. All subjects underwent 6
tests of fruit consumption and a 50 g glucose drink (a reference standard for

determination of the glycemic index) in 150 ml water, in random sequence.

16 subjects

Gr.1 Gr.2
8 subjects 8 subjects
- Glucose (50 g) - Glucose (50 g)
- Rose apple (30 and 50 g CHO) - Tangerine (30 and 50 g CHO)
-Banana (30 and 50 g CHO) - Pomelo (30 and 50 g CHO)
- Papaya (30 and 50 g CHO) - Rambutan (30 and 50 g CHO)

Each subject underwent an overnight fast for 8 to 10 hours before each test.
They did not take their ordinary morning medication on each test day. The test loads
were given at 8 o’clock in the morning after an overnight fast. The subjects underwent

a test load every 3-4 weeks. Each test lasted 300 min.

Time (min) 0 30 60 120 180 240 300
Time

(o clock) 8 8.3 9 10 11 12 13
Plasma

glucose * * *k * * * *
Serum lipid % *
Blood

viscosity * * *

* Blood collection
On the test day, a plastic catheter was placed in a forearm vein for blood
sample collect and kept patent with 50 units of heparin after each blood drawn. The

heparin in the catheter and 2 ml of blood were aspirated and discarded prior to
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collecting each blood sample. The test meals consisted of different kinds and amounts
of fruits (30 and 50 of carbohydrate) and a 50 g glucose drink which were given
according to the randomization. Fasting blood samples were drawn before taking the
test fruits.

Each subject consumed one test fruit at a time and finished up within 15
minutes and followed by ingestion of 150 ml of water. Postprandial blood samples
were taken at 30, 60, 120, 180, 240 and 300 minutes. All blood samples were taken for
analysis of glucose. Blood sample at 0, 60 and 300 minutes were taken for analysis of

whole blood viscosity. Serum lipids at 0 and 300 minutes were analysed.

B. Biochemical Analysis

Plasma glucose and serum lipid levels were analysed by laboratory of the

Clinical Chemistry Department, Ramathibodi hospital.

Determination of glucose

After collection of the whole blood containing anticoagulant, NaF (Sodium
fluoride) the levels of glucose in plasma were determined using the Dimension©
Clinical chemistry system of Dade Behring company which was an in vitro diagnostic
test intended for the quantitative determination of glucose in serum, cerebrospinal
fluid, plasma and urine.

The glucose method is an adaptation of the hexokinase-glucose-6-phosphate-
dehy -drogenase method, presented as a general clinical laboratory method by Kunst et
al. This method is more specific than general reducing methods and will give results

lower than those obtained by such reducing method.
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Principles of procedure:

Glucose-6-Phosphate dehydrogenase
Glucose + ATP » Glucose -6-Phosphate + ADP

Hexokinase, Mg*"

Glucose -6-Phosphate + NADP > Glucose - 6 -
Phosphoglucolactone +
NADPH
NADPH (and glucose concentration) absorbance is determined using a
biochromatic (340 and 383 nm.) endpoint technique.
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 As was the standard
reaction tube containing 100 mg per deciliter standard glucose. The amount of glucose
concentration was expressed as mg/dL. Appropriate dilution was made if the specimen
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.

Calculation of glycemic index (Gl)

Glycemic index of food is the ratio of blood glucose area under the curve for
test food compared with a reference food (bread or glucose). The GI is usually defined
as the area under the glycemic response curve during a 2-hour period after
consumption of 50 g CHO from a test food, and values are expressed relative to the
effect of either white bread or glucose (40, 134). Originally the reference was glucose
contained 50 g CHO (135).

In the fruit, the GI was calculated as

Gl = Blood glucose response area of fruit x 100

Blood glucose response area of glucose
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Determination of serum total cholesterol

Determination of total cholesterol level using Dimension ® Clinical

Chemistry System by Cholesterol Flex ™ Reagent Cartridge.

Principle of procedure

Cholesterol esterase

Cholesterol ester +H,O » cholesterol + ROOH
Cholesterol oxidase
Cholesterol + O, » cholest-4-ene-3-one + H,O,
Peroxidase

2 H,O, + 4- aminophenazone + phenol — 5 4-(p-benzoquinone-mono-

imino) phenazone + 4 H,O
4-(p-benzoquinone-mono-imino) phenazone is chromophore that absorbs at 540 nm
Calculation

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

Determination of serum triglycerides

The TGL Flex® used on the Dimension ® Clinical Chemistry System is an
in vitro diagnostic test is tented for the quantitative determination of triglyceride in

serum and plasma.
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Principle of procedure

TG method is based on an enzymatic procedure in which a combination of
enzyme is employed for the measurement of serum or plasma triglycerides. The
sample is incubated with lipoprotein lipase (LPL) enzyme reagent that converts
triglyceride into free glycerol and free fatty acids. Glycerol kinase (GK) catalyze the
phosphorylation of glycerol by adenosine-5-triphosphate (ATP) to glycerol-3-
phosphate. Glycerol-3-phos- phate oxidase (GPO) oxidize glycerol-3-phosphate to
dihydroacetone phosphate and hydrogen peroxide. The catalytic reaction of peroxidase

(POD) produces quinoneimine chromophore.

LPL
Triglyceride > Glycerol + fatty acids
GK
Glycerol + ATP > Glycerol -3-phosphate + ADP
GPO
Glycerol-3-phosphate + O, » Dihydroxyacetone phosphate +

H,O,

POD
2H,05 + Aminoantipyrine+ 4-chlorophenol —— Quinoneimine + HCI + 4

H,O

Wavelenges biochromic end point : 510 and 700 nm

Determination of high density lipoprotein cholesterol (HDL -C)

The automated HDL cholesterol assay is a homogeneous method for directly
measuring HDL levels without the need for off-line pretreatment or centrifugation
steps.

The method is in a two-reagent format and depends on the properties of a
unique detergent, which solubilizes only the HDL lipoprotein particles, thus releasing
HDL cholesterol to react with cholesterol esterase to produce color. In addition to
selectively disrupting the HDL lipoprotein particle, this detergent also inhibits the
reaction of the cholesterol enzymes with LDL, VLDL and chylomicron lipoproteins by

adsorbing to their surfaces. A polyanion is contained in the first reagent to assist with



Pasinee Chartchuathaicharoen Materials and Methods / 32

complexing LDL, VLDL and chylomicron lipoproteins further enhancing the

selectivity of the detergent and enzymes for HDL cholesterol.

Detergent
LDL,VLDL,Chylomicrons > Stable complexes polyanion
Detergent
HDL cholesterol > A’cholestenone + H,O»
Cholesterol oxidase
H,0, + DSBmT + 4 AA 4 Odor development

Peroxidase

Estimation of low density lipoprotein cholesterol (LDL-C)

LDL-C level was calculated from Friedwald’s formula (136) as follow :
LDL- C = total cholesterol - (triglyceride) — HDL-C
5

C. Hematological Assessment

Viscosity measurement

After collection of the whole blood containing anticoagulant,
ethylenediamine tetraacetic acid (EDTA) (1 mg EDTA for 1 c.c. of blood) and
viscosity of blood was measured by the Brookfield DV-II+ viscometer (137).

Viscosity is a measure of a fluid’s resistance to flow. The principle of
operation of the DV-II+ is to drive a spindle (which is immersed in the test fluid)
through a calibrated spring. The viscous drag of the fluid against the spindle is
measured by the spring deflection. Spring deflection is measured with a rotary
transducer. The measurement range of a DV-II+ is determined by the rotational speed
of the spindle, the size and shape of the calibrated spring. The blood samples for
whole blood viscosity were measured at 37° c; 8 ml of blood was used into the

chamber which had fixed shear rate at 264 sec™’.
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D. Assessment of Nutritional Status

Anthropometric measurement

Anthropometry is an indirect method of nutritional assessment by body
composition. Anthropometric assessment includes weight, height, triceps skin-fold
thickness (TSF), mid-upper arm circumference (MUAC) and mid-upper arm muscle
circumference (UAMC) were performed according to standard methodology (138-
141).

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 arm of the height meter was in contact with the subject’s head. The
reading was read to the nearest millimeter.

1.2 Weight (Wt)

Weight was taken by standing barefoot on the accurate weighting scale.
The subject was asked to wear the light clothing.

1.3 Body mass index (BMI)

BMI was calculated from the following formula:

BMI, kg/m” = body weight (kg) / height (m)?

1.4 Tricep skinfold thickness (TSF)

TSF is an indirect estimate of body fat or caloric stores. The
measurement of the tricep skinfold was performed at the midpoint of the upper left
arm, between the Acromion process and the tip of the Olecranon, with the arm
hanging relaxed. Use the mean of three consecutive readings. The instrument used was

a Harpenden skinfold caliper (British Indicator Ltd., England).

1.5 Mid-upper-arm-circumference (MUAC)
MUAC has been used as an indicator of the inadequacy of both caloric
and protein store. 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 Olecranon. After
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locating the midpoint, the left arm was extended so that it was hanging loosely by the
side, with the palm facing inwards. The tape was wrapped gently but firmly around the
arm at the midpoint.

1.6 Upper arm muscle circumference (UAMC)

The muscle circumference of the mid-upper-arm is derived from
measurements of both MUAC and TSF. UAMC is used to assess protein-energy
malnutrition, as the size of the muscle mass is an index of protein reserves. UAMC
was calculated using the following equation.

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

E. Statistic Analysis

1. The results were expressed as mean + SD

2. Comparisons of area under the curves of the glycemic index, actual serum
lipids and percentage change of serum lipids of fruits were performed by Kruskal-
Wallis H test.

3. Comparisons of plasma glucose responses after ingestion of different amounts
of fruit between time periods by Friedman’s test and multiple comparisons by
Bonferroni adjusted.

4. Comparisons of areas under the curves of plasma glucose, blood viscosity
before and after ingestion of various kinds and different amount of fruits by
Friedman’s test and serum lipids by Wilcoxon test. P-values of less than 0.05 were

considered significant.
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CHAPTER IV
RESULTS

Part | Characteristics of Subjects

Anthropometric measurement

Table 4.1 shows the anthropometric measurements of the subjects. The mean
body weight and height were 67.29 + 11.60 kg and 1.56 + 0.06 m, respectively. The
mean BMI was 27.53 + 4.20 kg/m?. The means of waist/hip ratio, TSF, MUAC and
UAMC were 0.91 + 0.08, 28.66 + 9.67 mm, 29.94 + 3.20 cm and 21.07 + 1.08 cm,

respectively.

Clinical characteristics of subjects

Table 4.2 describes the initial metabolic characteristics (mean + SD) of
sixteen subjects. The mean levels of fasting plasma glucose, serum triglycerides
cholesterol, LDL-C and HDL-C were 161.88 + 61.13, 149.13 + 49.42, 203.38 + 29.48,
44.44 +7.11 and 129.38 £ 23.43 mg/dL, respectively. All of them did not have severe

diabetic complications.
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Characteristic Mean = SD
Age (years) 56.00 + 11.60
Weight (Kg) 6729 + 11.60
Height (m) 156 £+ 0.06
BMI (Kg/m?) 2753 + 4.20
Waist (cm) 89.00 + 11.81
Hip (cm) 9820 + 1141
Waist/Hip ratio 091 + 0.08
MUAC (cm) 2994 + 3.20
TSF (mm) 28.66 + 9.67
UAMC (cm) 2107 + 1.08
Table 4.2 Clinical characteristics of subjects
Clinical characteristic Mean + SD
Fasting plasma glucose (mg/dL) 161 + 61.13
Triglyceride (mg/dL) 149 + 4942
Cholesterol (mg/dL) 203 + 29.48
HDL-C (mg/dL) 44 + 711
LDL-C (mg/dL) 129 + 2343
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Part Il Fruit Selection from Questionnaire

Tangerine, guava, banana, and watermelon are the habitually consumed
fruits. In fact, the diabetic patients would like to consume durian, longan, and
rambutan but these fruits are usually prohibited. In their opinions, durian, longan, and
grape consumption would increase their plasma glucose whereas guava, rose apple,
papaya, watermelon, tangerine, pomelo and dragon fruits ingestion would not.
Furthermore, they believed that durian, coconut and longan consumption would raise
serum lipid levels.

In the previous study, Somnuk S. et al (142) had determined the glycemic
indexes of durian, guava, longan, dragon fruit, mango, and pineapple. Therefore,
durian, guava, longan, and dragon fruit were excluded from our study. For
watermelon, the amount contained in 50 g CHO is very large, too much to be
consumed in one short period. Therefore, we selected the tangerine, banana, pomelo,
rambutan, rose apple, and papaya for our study.
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Part 111 Biochemical Parameters

Plasma glucose levels

Table 4.3-4.4 and Figure 4.1-4.4 compare the mean = SD and the percentage
change of plasma glucose which was recorded up to 300 minutes. The glucose levels
rose within 30 minutes, reached the peaks at 60 minutes in most fruits and dropped to
below baseline levels within 180-240 minutes in both amount of CHO (30 and 50 g);
however, plasma glucose levels of 30 g CHO of rambutan reached the peaks at 30
minutes.

Comparing between fruits, after ingestion of 30 g CHO of different kinds of
fruits, (Table 4.3, Figure 4.1).The mean percentage change of plasma glucose at 60
minutes after eating tangerine tended to be higher than other fruits.

The mean percentage changes of plasma glucose after glucose drink were
significantly higher (p < 0.05) than most fruits in both groups, they are tangerine,
rambutan and pomelo at 60 and 120 minutes, and tangerine at 180 minutes in group 1,
and banana at 60 and 120 minutes and papaya at 120 minutes in group 2,
respectively.There was no difference in the mean percentage change of plasma glucose
between rose apple and glucose drink.
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Figure 4.1 Mean plasma glucose after ingestion of 30 g CHO of different fruits
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Figure 4.2 Mean percentage change of plasma glucose after ingestion of 30 g

CHO of different fruits
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Areas Under the Plasma Glucose Responses Curve of Fruits and their Glycemic

Indexes

The areas under the plasma glucose response curves (AUC) above baseline
for each fruit are shown in Table 4.5 and Figure 4.5-4.6. After ingestion of 30 g CHO
of different fruits, tangerine showed the highest AUC. After ingestion of 50 g CHO,
pomelo showed the highest AUC. Moreover, AUC after both amounts ingestion of
banana was less than other fruits.

Comparing between the different amounts of CHO (30 and 50 g), the
significant difference of AUC was seen between rambutan, pomelo, banana and
papaya (Table 4.5, Figure 4.6).

The glycemic indexes of 6 Thai fruits are shown in Table 4.5 and Figure 4.7.
The GI of banana, tangerine, papaya, rambutan, rose apple and pomelo were 26, 30,
38, 47, 50 and 59, respectively.



Results / 44

Pasinee Chartchuathaicharoen

8SO0p JUBJ3LJIP JO 1INJJ BWES 8] WOJJ 30UaJaJHIP JuedlIubs

Y4 9 _00TT F ¥96¢ 9 €¥9 F G5t eueueg
8¢ 4 L9l¥E F L2€9 S €052 ¥ 8T0¢ eAeded
0S 2 2SS F €998 4 T8TZ ¥ €50§  9|dde asoy
B0 ¢t SEZZO0 Z 16 8soon|o
Ly € x EV0V ¥ L0TTT € 6792 F 9599 ueinquiey
65 T xG68E F OLTIET 4 6792 ¥ S06. o[awod
0¢ G 152 ¥ 180/ T T9vC F G¥S6 auLiabue |
06T, F OV.€C 716 8s00n|9

Muel J1W8dA|19 ds F uea|\ Muel 21WB2A|9 ds F Ues|n N4y Jo

19 OHO b 05 OHO b og SpuI

soxapul 21WadA|6 a1yl

pue s1IN.y JO SJUNOWe JUaJ3IP 10 uonsabul Jauye (P 4y Bu) senuno asuodsal -3s00n16 8yl Jspun ealy Sy 8|qeL



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 45

A A
group 1 group 2
25000 - 25000
1720000 1720000
= =
= 15000 = 15000
{ep] >
£ 10000 | ~— 10000
(@) (&)
D =)
< 9000 - — 5000
0 ‘ 0 :
Tangerine ~ Rambutan ~ Pomelo Rose apple  Banana Papaya
B B
group 1 group 2
25000 - 25000
= 20000 ) = om
= o~
= <= 15000 -
< 15000 E’
Z 10000 -
E 10000 .
- il m B
5000 - % . ‘ | | |
0 ‘ ‘ ‘ ‘ Rose  Banana Papaya Glucose?2
Tangerine Rambutan  Pomelo  Glucose 1 apple

Figure 4.5 Mean areas under the glucose response curves after ingestion of
30 g CHO (A) and 50 g CHO (B) of different fruits



Pasinee Chartchuathaicharoen Results / 46

group 1 goup2 |H309gCHO
50 g CHO
25000 25000 -
= 20000 = 20000 -
< 15000 - = ]
g pol . % g 15000
8 |—% 7 8 10000 - .
< <
0 \ ] 0 \
Tangerine  Rambutan Pomelo Rose apple  Banana Papaya

* significant difference between 30 g and 50 g CHO

Figure 4.6 Mean areas under the glucose response curves after ingestion of 30 g

and 50 g CHO of different fruits

100 ~
90 -
80 -
70
60 -
50 ~
40 ~
30
20 -
10 +

Gl (%)

Banana Tangerine Papaya Rambutan  Rose apple  Pomelo

Figure 4.7 Glycemic indexes of 6 Thai fruits (50 g CHO)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 47

Serum Lipids

Serum triglycerides levels

Table 4.6 and Figure 4.8-4.9 show the serum triglyceride levels and the
percentage changes at 300 minutes after ingestion of different amounts of fruits. After
ingestion of 30 g CHO of tangerine, rambutan and pomelo, mean triglyceride levels at
300 minutes were significantly increased (p < 0.05) from baseline. After ingestion of
50 g CHO of tangerine, rambutan, pomelo, and banana, mean triglyceride levels at 300
minutes were significantly increased (p < 0.05) whereas no significant elevation of
triglyceride was detected after ingestion of both amounts of papaya and rose apple.

There was no significant difference in the percentage changes of serum
triglycerides among all fruits after ingestion of the same carbohydrate doses. However,
the percentage change of 50 g CHO doses of banana and pomelo were significantly
higher (p < 0.05) than their 30 g CHO doses (Figure 4.9)

Serum cholesterol levels

Table 4.7 and Figure 4.10-4.11 show the serum cholesterol levels and the
percentage changes at 300 minutes after ingestion of different amounts of fruits. At
300 minutes, after ingestion 30 and 50 g CHO of different fruits, there was only slight
variation of the cholesterol levels (Figure 4.10- 4.11).

The percentage changes of serum cholesterol at 300 minutes between all
fruits (Figure4.11) after ingestion 30 and 50 g CHO were not significantly different (P
<0.05).

Comparing between the doses (30 g and 50 g CHO), there was no significant
differences in the percentage changes of serum cholesterol after ingestion of different

amounts of all fruits (Figure 4.11).
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Serum HDL-C levels

Table 4.8 and Figure 4.12-4.13 show the serum HDL cholesterol levels and
the percentage changes at 300 minutes after ingestion different amounts of fruits. After
ingestion 30 g and 50 g CHO of pomelo, serum HDL-C levels were significantly
(p < 0.05) decreased. Moreover serum HDL-C levels after 50 g CHO of rambutan
were significantly decreased from baseline.

The percentage changes of serum HDL-C at 300 minutes between all fruits
after ingestion of 30 and 50 g CHO were not significantly different (P < 0.05) (Table
4.8).

Comparing between the doses (30 g and 50 g CHO), there was no significant
difference in the serum HDL-C after ingesting different amounts of all fruits (Figure
4.13).

Serum LDL-C levels

Table 4.9 and Figure 4.14-4.15 show the serum LDL cholesterol levels and
the percentage changes at 300 minutes after ingestion of different amounts of fruits.
After ingestion 50 g CHO of rambutan, pomelo and papaya serum LDL-C levels were
significantly (p < 0.05) decreased.

The percentage changes of serum LDL-C at 300 minutes between all fruits
after ingestion of 30 and 50 g CHO (Table 4.15) were not significantly different (P <
0.05) between them.

Comparing between the doses (30 g and 50 g CHO), there was a significant
(P < 0.05) reduction in the percentage change of serum LDL-C after ingestion of the

bigger dose of pomelo (Table 4.9).
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Figure 4.8 Mean serum triglyceride level before and 5 h after ingestion of 30 g
CHO (A) and 50 g CHO (B) of different fruits
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Figure 4.10 Mean serum cholesterol levels before and 5 h after ingestion of
30 g CHO (A) and 50 g CHO (B) of different fruits
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Figure 4.11 Mean percentage changes of serum cholesterol levels at 5 h after
ingestion of 30 g and 50 g CHO of different fruits
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Figure 4.12 Mean serum HDL-C level before and 5 h after ingestion of 30 g CHO
(A) and 50 g CHO (B) of different fruits
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Figure 4.14 Mean serum LDL-C level before and 5 h after ingestion of 30 g CHO
(A) and 50 g CHO (B) of different fruits
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Figure 4.15 Mean percentage changes of serum LDL-C level at 5 h after ingestion
of 30g and 509 CHO of different fruits
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Part 111 Blood Rheology

Table 4.10-4.11 and Figure 4.16-4.18 show actual values of blood viscosity
and percentage changes after ingestion of different amounts of fruits at the shear rate
of 264 sec™ at 37 °C during the peaks of hyperglycemia and hyperlipidemia at 60 and
300 minutes, respectively.

Whole blood viscosity tended to be decreased at 60 minutes after ingestion of
30 g CHO of every fruit; especially after eating tangerine, rambutan, pomelo and
papaya which reached statistically different (p < 0.05) from baseline and returned to
baseline levels at 300 minutes (Table 4.10, Figure 4.16). After ingestion of 50 g CHO
of different fruits and glucose drink, blood viscosity showed the same trend. The
significant reduction from baseline at 60 minutes was seen in tangerine, rambutan,
pomelo, papaya and banana (p < 0.05) (Table 4.11, Figure 4.16). There was no dose
difference in the changes of viscosity. There was no significant difference in the blood
rheological changes between different kinds and amounts of fruits (Figure 4.17-4.18).
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Figure 4.16 Mean whole blood viscosity levels before, 60 min and 300 min after
ingestion of 30 g CHO (A) and 50 g CHO (B) of different fruits
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CHAPTER V

DISCUSSION

The reasons for conducting this study was to assess the effects of sugar and
carbohydrate combination as well as dietary fiber contained in some Thai fruits on
postprandial plasma glucose and lipid concentrations, blood viscosity and their
glycemic indexes. The difference between the test fruits were the type of sugars and
dietary fibers they contained. This study was also designed to show the metabolic
changes of glycemic load by comparing the two amounts of carbohydrate (30 g and 50
g CHO) from each kind of fruit.

Metabolic Responses of Fruits
Plasma Glucose Responses, Area Under the Glucose Response Curve After

Ingestion of Different Amounts of Fruits.

The peaks of plasma glucose and AUC after 50 g CHO of glucose ingestion
were higher than fruits. The reasons were fruits contained less glucose and more of
other sugars with lower glycemic responses as shown in other studies (143-145) and
confirmed by the sugar contents and dietary fiber contents in the fruit composition
data analyzed (Table 3.3).

In the clinical setting, this lower response should be beneficial to the diabetic
patients because rapidly absorbed carbohydrate (whether in the form of sugar and
starches) produce large insulin responses (146); hence worsening of the glycemic
control and is harmful to those individuals at risk for diabetes.

To rationalize the advice of fruits in diabetic patients, it is important to know
their chemical composition and above all their biological responses. The study of
Crapo et al. (125) as well as Wolever et al. (147) and Gannon et al. (144) suggested
that different kinds of sugar created different plasma glucose responses. Glycemic
indexes of glucose, sucrose and fructose are 100, 61, and 23, respectively.
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Both doses of pomelo and rambutan gave high glycemic response and
glycemic index than other fruits (Table 4.5 Figure 4.5 — 4.7) though pomelo and
rambutan contained lower glucose and fructose with higher sucrose content (Table
3.4). These results may be explained by the more rapidly hydrolysed and transported
of disaccharides than free glucose as shown by Southgate (109). In addition, the
denser texture and higher total dietary fiber contained in rambutan (Table 3.4) as
compared to pomelo reduced the digestion rate; thus glycemic response of rambutan
was lower.

Whereas, tangerine contains almost the same amount of sucrose as pomelo
and rambutan, it produced highest peak of plasma glucose response and area of
glucose response and gave delayed return to baseline because it contained moderate
amount of glucose, and sucrose which is rapidly hydrolysed. However, Gl of tangerine
was low; this was likely due to the effect of high total dietary fiber as compared to
pomelo and rambutan (Table 3.4). These results demonstrated that total dietary fiber
contained in the 50 g CHO of tangerine may be a proper amount needed to modulate
the absorption of simple sugar; total dietary fiber of fruits may be more important than
the amount of soluble fiber. In addition, the study design of this research was that all
subjects in each group consumed one dose and one fruit in the test day. Tangerine of
50 g CHO test was less sweet than tangerine of 30 g CHO test and the interval of test
day between of tangerine tests was longer than other fruit tests. The tangerines in 2
tests were come from different season. The different in the seasons of tangerine may
be cause the variation of carbohydrate compositions in tangerines.

Several studies in type 2 DM subjects have found that fructose ingestion
produced lower plasma glucose and insulin responses than sucrose and glucose (124,
126, 128, 148). Although rose apple contained highest fructose amount (Table 3.4) but
it also contains an equivalent amount of glucose, resulted in moderate elevation of the
glucose response. In addition, rose apple contains almost no starch in spite of its high
dietary fiber content. This may explain why rose apple has rather high Gl, 50.

Though tangerine contained highest total glucose equivalent (sucrose +
glucose) as compared to pomelo and rambutan, its glycemic effect was not high (GI =
30). This was due to its high total dietary fiber (Table 3.4) which contrasted to
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rambutan and pomelo which had rather low total dietary fiber. Hence, pomelo
produced the highest Gl (= 59).

In our data, banana gave the lowest glycemic response and area under the
glucose response curve in both amount of carbohydrate although it contained higher
glucose than tangerine, papaya, rambutan, and pomelo and low dietary fiber especially
soluble fiber content (Table 3.4). It is likely that this was due to its lower total sugars
to starch ratio. Vaaler et al (149) exhibited apple and banana produced less glucose
response than other fruits. They thought that small amount of starch in banana and
apple might have contributed to their lower blood glucose response compared to the
other no starch content fruits tested. This was supported by finding from Faisant et al
(150) who showed that starch content of banana was hydrolysed slowly by alfa-
amylase in human. Chaichumporn R. (151) also demonstrated that green mature
mangoes in which total sugars to starch ratio lower than ripe mangoes produced
plasma glucose response and glucose area lower than the response of ripe mangoes.

Ingestion of both doses of rose apple and tangerine, the areas of glucose
responses were not significantly different. It can be mentioned that in practice 2 to 3
servings of these two fruits should not deteriorate the glycemic responses. However,
area under the glucose response curves after ingestion of 2 and 3 servings of pomelo,
rambutan, papaya, and banana were significantly different. Therefore, increased
amount of these fruits did alter the glycemic response.

Foods were classified into the glycemic index classes suggested by Brand-
Miller et al (152) as low Gl less than 55, medium GI between 55-70, and high GI more
than 70. In our study, Gl of pomelo, rose apple, rambutan, papaya, tangerine, and
banana were 59, 50, 47, 38, 30, and 26, respectively. From these results, rose apple,
rambutan, papaya, tangerine, and banana were low Gl foods while pomelo was a
medium Gl food.

Lunetta M (153) showed a significant positive correlation of glycemic
indexes with total glucose content and an inverse correlation with fructose content of
fruits and no correlation between fiber content and GIl. However, Wolever et al (154,
155) and Guevin et al (140) found amount of total dietary fiber was significantly
related to Gl and uronic acids, insoluble fiber were most closely related to Gl but

soluble fiber was not related.



Fac. of Grad. Studies, Mahidol Univ. Discussion / 69

According to our study, glucose content did not seem to be the only factor
responsible for the peak of plasma glucose increment and Gl, other sugars and fiber
content in fruits were also responsible. The presence of total dietary fibers in fruits
may contribute to the lowering of the glycemic response. However, in our study there
was no clear correlation between fiber content and GI. In addition, the presence or
absence of starch, as unrefined carbohydrates in the fruit is also responsible for the
outcome of glycemic response and GlI.

Lipid Levels Responding to Different Amounts of Fruits

Recently, there has been increasing interest toward the liberalization of
sucrose in the diets of individuals with diabetes mellitus. However, there is evidence
from several well-controlled prospective studies demonstrating that the consumption
of varying amounts of sucrose may result in hyperinsulinemia, hypertriglyceridemia,
hypercholesterolemia and reduced HDL-C concentratons. For examples, Sleder J.
(127) showed fructose-fed rats (66 % of fructose) developed significant
hypertriglyceridemia. Reiser S. (156) found that fructose intake of hyperinsulinemic
men increased total triglycerides and their lipoprotein distribution, total and VLDL-C,
apoprotein B-100, C-11, C-I1l. Moreover Hallfrisch et al. (36) exhibited total plasma
cholesterol and LDL-C were higher after the hyperinsulinemic men consumed 7.5 and
15 % fructose than when they consumed the 0 % fructose diet importantly, plasma
triglyceride significantly increased in men and women subjects.

Our study found that consumption of all fruits and glucose drink elevated the
plasma triglyceride concentration in particular tangerine, rambutan and pomelo.
Tangerine, rambutan and pomelo has low amount of fructose but it contains high
sucrose which is rapidly hydrolyzed (109, 157) and is also used for triglyceride
synthesis. This effect can be explained by the metabolism of glucose and fructose as
shown in Figure 1. Conversion of fructose to fructose-1-phosphate and to acetyl CoA
is more rapidly than conversion of glucose to fructose-6-phosphate and to acetyl CoA
because liver fructokinase activity is greater than the glucokinase. Consequently,
fructose-1-phosphate is broken down to glycerol-3-phosphate and is being used to

synthesis triglycerides.
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In general, postprandial serum triglycerides rise about 3-4 hours after
ingestion of food and then decline at about 6-8 hours (158).

Most data also support the effect of dose response of fruits on triglyceride
concentration (142, 151). We found that the percentage changes of serum triglycerides
of 50 g carbohydrate doses were greater than 30 g CHO doses. Our data also indicated
that the amount of carbohydrate in these fruits (Table 3.4) has minimal effect on serum
cholesterol (Table 4.7, Figure 4.11-4.13) and LDL-C concentration (Table 4.9, Figure
4.17-4.19). It is because fruit contains no cholesterol; therefore, it had to gain from de
novo synthesis through acetyl coenzyme A.

Hollenbeck et al (159) demonstrated that long-term consumption of high
sucrose in DM type 2 patients elevated plasma triglycerides and depressed HDL-C.
Table 4.7 Figure 4.11-4.13 showed significant reduction from baseline of HDL-C in
both doses of pomelo and 50 g CHO of rambutan as well. It might be that the
increment of triglycerides accelerated the reverse cholesterol pathway (158). However,
the degree of reduction between the 2 doses was not significantly different. In
addition, HDL-C is influenced by many physiological variables such as sex hormone,

diet and physical activity. These data need further investigation.

Blood Hemorrheologic Changes

The hemorrheology properties of blood are important for determination of
blood flow. In diabetic patients the rheological abnormalities occur before the
appearance of any severe degenerative complications (69, 73). Plasma and blood
viscosity are consistency associated with both the prevalence and incidence of
cardiovascular disease (73, 160).The factors affecting the blood viscosity are red cell
concentration, blood components, the size of vessels and the velocity of blood flow
(68, 161). Diabetic microangiopathy is associated with hyperviscosity (74). In
addition, patients with hypertriglyceridemia and mixed hyperlipidemia have been
found to have mean plasma viscosity higher than normal subjects (162, 163). Normal
blood viscosity (68) is in the range 3-4 times more viscous than water. Our study
disclosed that whole blood viscosity during fasting were within normal range. Results

of Somnuk et al (142) and Visavajarn et al (164) as well as our data revealed that at
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the peak of hyperglycemia (60 minutes postprandial) the whole blood viscosity tended
to be decreased in the entire test (Table 4.10-4.11 Figure 4.16-4.18). Moreover,
percentage change of viscosity of 30 g CHO of banana was significantly less than 30 g
CHO of tangerine at 60 minutes. This should be due to the degree of difference in the
glucose responses and the percentage change of glucose at 60 minutes and AUC of
banana and tangerine.

In addition, mean percentage change of blood viscosity at 60, 300 minutes
after ingestion of 30 g and 50 g CHO of fruits were not significantly different. It is
unlikely that consumption of 2-3 servings of fruit could affect whole blood viscosity.

Koeing et al (79), Simone et al (73) and Carallo et al (165) reported that
triglyceride and cholesterol levels were positively related to whole blood viscosity but
we did not see significant increments of whole blood viscosity in our subjects after
consumption of different amount of certain fruits. The hyperviscosity effect was not
demonstrable in our patients even though their triglycerides were increased. Though
there were some fluctuations of whole blood viscosity, the differences were about 6 %

only and were not statistically significant.

Application of Glycemic Index and Glycemic Load from this Study

A Gl values show only how rapidly a particular carbohydrate turns into
blood glucose. It doesn't show how much of that carbohydrate is in a serving of a
particular food. Therefore, glycemic load comes in for explaining a food's effect on
blood sugar. The glycemic load (GL) (166, 167) is a relatively new way to assess the
impact of carbohydrate consumption that takes the glycemic index into account, but
gives a fuller picture than does glycemic index alone. In watermelon, for example,
glycemic index is pretty high, about 72. According to the calculations by the people at
the University of Sydney's Human Nutrition Unit, in a serving of 120 grams it has 6
grams of available carbohydrate per serving, so its glycemic load is pretty low (about
4).

A GL of 20 or more is high, a GL of 11 to 19 inclusive is medium, and a GL
of 10 or less is low (168). Foods that have a low GL almost always have a low GI.

Foods with an intermediate or high GL range from very low to very high GI.
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Calculating overall dietary GL is difficult outside a research setting. But
knowing a food's GL can help you make comparisons that can improve the quality of

your carbohydrate choices.
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CHAPTER VI
CONCLUSION

From the viewpoints of glycemic response, serum lipid response and blood
viscosity response it can be mentioned that type 2 DM patients may be able to
consume high amount of rambutan, banana or papaya, (about 3 servings at a time)
because of low Gl and low peak of glycemic responses. Even, increased banana
ingestion (about 3 servings) could bring about increased serum triglyceride and
decreased HDL-C level while there was no significant change in serum cholesterol;
and increased papaya ingestion (about 3 serving) could bring about increased blood
glucose response and decreased LDL-C level. However, AUC of 50 g CHO of papaya
and banana lower than AUC of 30 g CHO of pomelo, rambutan and tangerine.
Moreover, glucose responses of them at 30 and 60 minutes slowly increased from
baseline.

The glycemic index of banana, tangerine, papaya, rambutan, rose apple and
pomelo were 26, 30, 38, 47, 50 and 59, respectively.

The hyperlipidemic type 2 DM may ingest three servings of rose apple.
Although, glycemic index of rose apple rank second highest in the group but glucose
responses were low and peak of glycemic response was not high. Besides, increased
amount of consumption did not affect the glycemic response, serum lipid levels and
blood viscosity. Hence, it is highly recommended for the diabetics especially the obese
and poorly control.

Although, GI of tangerine and rambutan were ranked as low Gl foods and Gl
of pomelo was not very high they produced very high peaks of postprandial glycemic
response. Therefore, tangerine, rambutan and pomelo were not suitable for glycemic
control but they may be the appropriate choices for correction of hypoglycemic
episode.

Therefore, for diabetic patients, a cautious approach is necessary regarding
the consumption quantity of tangerine, rambutan and pomelo. They should not

consume more than 2 servings of fruit in a meal.
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

50 g glucose (group 1)

Subject 0 min 30min  60min 120 min 180 min 240 min 300 min
1 99 196 236 178 74 65 76
2 148 296 377 296 216 162 135
3 142 285 387 306 234 157 117
4 137 193 263 299 204 141 114
5 159 274 B3 274 220 150 124
6 126 249 350 303 222 178 141
4 187 279 384 303 254 200 178
8 150 240 288 241 177 117 92

50 g glucose (group 2)

Subject 0 min 30min  60min 120 min 180 min 240 min 300 min
9 137 274 346 209 130 94 97
10 141 292 279 214 162 132 108
11 135 160 211 231 137 99 85
12 153 205 256 265 238 213 175
13 279 317 404 413 337 296 256
14 85 159 216 173 114 59 65
15 274 362 405 409 344 296 261
16 115 162 209 171 88 81 92
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of tangerine (group 1)
Subject 0 min 30min  60min  120min 180 min 240 min 300 min

1 142 173 209 135 90 72 85
2 157 198 267 196 148 119 117
3 115 196 205 153 108 85 79
4 59 236 211 159 124 112 114
S) 178 234 216 119 103 105 121
6 99 191 202 151 112 88 72
7 178 268 20 232 180 135 115
8 135 211 211 121 103 101 106

30 g CHO of tangerine (group 1)
Subject 0 min 30min  60min 120 min 180 min 240 min 300 min

1 142 234 249 175 105 76 85
2 198 259 301 265 211 177 159
3 103 L02 198 151 126 101 88
4 142 252 249 7 132 106 99
S) 137 218 250 160 106 97 103
6 101 207 214 169 133 99 99
7 146 218 232 173 132 117 114
8 146 238 222 169 132 117 101
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of rambutan (group 1)
Subject 0 min 30min 60min 120 min 180 min 240 min 300 min

1 97 141 184 105 68 68 72

2 160 231 281 175 130 115 117
3 153 225 267 218 198 173 144
4 119 184 227 198 155 126 114
S) 186 268 348 213 162 142 144
6 162 290 296 231 177 151 139
7 184 299 308 252 207 186 155
8 128 214 204 126 97 92 101

30 g CHO of rambutan (group 1)
Subject 0 min 30min  60min 120 min 180 min 240 min 300 min

1 92 162 155 94 70 70 81
2 165 216 211 159 126 108 115
3 137 191 209 159 132 106 99
4 133 207 195 153 126 108 108
5 133 229 193 139 92 94 99
6 105 202 202 160 126 119 114
7 187 258 250 211 169 135 128
8 142 236 214 141 112 106 115
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of pomelo (group 1)
Subject 0 min 30min 60min 120 min 180 min 240 min 300 min

1 177 279 308 258 191 132 105
2 160 227 283 265 214 166 141
3 141 234 263 220 189 151 124
4 164 254 276 238 173 133 110
S) 151 205 254 L3 112 106 101
6 106 207 209 177 133 101 88
7 202 314 321 270 249 214 182
8 157 200 247 205 175 155 156

30 g CHO of pomelo (group 1)
Subject 0 min 30min  60min 120 min 180 min 240 min 300 min

1 108 139 166 117 85 74 77
2 151 258 250 191 170 152 145
3 121 160 182 146 123 108 92
5 135 211 223 180 130 103 96
6 141 191 258 133 85 86 94
7 108 189 193 169 123 90 85
8 216 288 305 265 231 211 193
4 133 229 213 142 110 99 99
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of rose apple (group 2)
Subject 0 min 30min 60min 120 min 180 min 240 min 300 min

9 155 220 193 142 130 112 119
10 211 241 348 268 193 150 123
11 126 171 166 132 103 94 92
12 169 204 268 250 218 202 173
18 305 317 O5d: 33 297 272 238
14 90 187 205 164 99 79 58
15 409 526 510 490 443 407 364
16 103 137 el 97 96 92 90

30 g CHO of rose apple (group 2)
Subject 0 min 30min  60min 120 min 180 min 240 min 300 min

9 151 211 193 150 115 112 105
10 178 214 256 213 177 141 119
11 135 186 195 162 130 110 103
12 177 207 263 222 189 162 141
13 300 315 343 322 310 301 299
14 85 141 159 94 61 63 72
15 353 391 440 371 341 315 294

16 96 121 97 90 92 88 96
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of banana-Kai variety (group 2)
Subject 0 min 30min 60min 120 min 180 min 240 min 300 min

9 133 186 180 126 112 110 114
10 168 209 232 191 148 117 101
11 106 117 132 119 99 96 94
12 57 G5 184 196 169 142 137
18 238 267 287 268 250 196 204
14 88 144 151 92 67 67 74
15 330 335 389 332 iz 279 272
16 110 150 o) /) 124 101 92 97

30 g CHO of banana-Kai variety (group 2)
Subject 0 min 30min  60min 120 min 180 min 240 min 300 min

9 159 204 198 150 126 117 119
10 N7 177 211 173 83 121 114
11 133 144 166 141 115 103 99
12 160 166 193 173 157 139 133
13 314 341 348 337 306 287 281
14 88 123 124 94 74 67 77
15 341 350 380 344 314 297 278

16 105 132 132 110 101 94 97
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Table 3 Plasma glucose in 16 subjects after ingestion different amounts of fruits

(continued)

50 g CHO of papaya (group 2)

Subject 0 min 30min 60min 120 min 180 min 240 min 300 min
9 153 209 189 135 117 114 115
10 164 187 243 204 162 121 92
11 182 166 187 160 132 110 105
12 168 189 232 218 186 162 153
13 198 278 279 245 220 189 177
14 88 112 146 106 79 65 68
15 337 436 451 384 359 335 306
16 106 141 130 103 96 92 92

30 g CHO of papaya (group 2)

Subject 0 min 30min  60min 120 min 180 min 240 min 300 min
9 150 177 164 133 130 126 128
10 182 207 211 180 142 123 99
11 137 159 164 135 108 97 99
12 166 164 211 218 200 187 171
13 301 350 344 317 303 252 258
14 77 90 97 77 68 67 70
15 359 389 396 377 332 301 306
16 99 128 115 96 88 83 86
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Table 4 Serum triglyceride in 16 subjects after ingestion different amounts of

fruits

Subject 50 g CHO of tangerine | 50 g CHO of rambutan | 50 g CHO of pomelo

Before After Before After Before After

1 183 219 338 323 184 219

2 117 143 201 262 126 138

3 161 222 128 186 97 128

4 142 188 104 120 107 128

5} 126 204 112 176 81 120

6 240 265 174 227 131 196

y 129 165 140 182 139 170

8 124 153 139 166 105 125
Subject 30 g CHO of tangerine | 30 g CHO of rambutan 30 g CHO pomelo
Before After Before After Before After

1 213 258 208 244 266 275

2 167 204 141 173 213 225

3 134 197 127 188 130 157

4 62 120 il 52 145 104 122

5 97 113 109 173 111 142

6 171 192 128 133 142 188

7 113 149 121 142 177 182

8 93 128 303 304 124 132
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Table 4 Serum triglyceride in 16 subjects after ingestion different amounts of

fruits (continued)

50 g CHO of rose

50 g CHO of banana-

50 g CHO of papaya

Subject apple Kai variety

Before After Before After Before After
9 186 192 214 273 212 279
10 156 230 84 139 138 142
11 192 202 150 146 135 140
12 139 128 137 155 100 116
13 137 248 121 160 63 117
14 165 127 81 123 192 171
15 23% 194 156 199 165 206
16 41 63 S 51 46 71

-\ 30¢ Call_pl)gl é)f rose 309 ?(I;IR/ ;):ite)?;ana- 30 g CHO of papaya

Before After Before After Before After
9 126 191 161 196 212 222
10 103 120 94 150 109 99
11 142 135 95 96 142 145
12 146 142 132 151 127 93
13 152 120 152 120 135 162
14 204 196 225 212 101 151
15 158 172 176 183 204 236
16 46 71 37 33 43 56
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Table 4 Serum triglyceride in 16 subjects after ingestion different amounts of

fruits (continued)

50 g glucose (gr. 1)

50 g glucose ( gr.2)

Subject Subject
Before After Before After
1 206 228 9 223 280
2 139 151 10 121 161
3 128 138 I, 169 175
4 98 113 12 151 129
5 136 191 13 135 164
6 123 158 14 149 151
7 127 150 15 114 171
8 197 222 16 42 55
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Table 5 Serum cholesterol in 16 subjects after ingestion different amounts of

fruits

Subject 50 g CHO of tangerine | 50 g CHO of rambutan | 50 g CHO of pomelo

Before After Before After Before After

1 202 198 226 216 172 176

2 181 171 293 294 168 154

3 161 174 234 225 155 160

4 141 151 203 194 145 141

5 229 247 214 214 228 231

6 225 243 281 276 202 206

iy 194 194 195 202 175 169

8 205 215 270 262 202 210
Subject 30 g CHO of tangerine | 30 g CHO of rambutan 30 g CHO pomelo
Before After Before After Before After

1 199 188 243 266 263 253

2 206 29/ 295 281 213 227

3 180 180 2 1\l 219 169 171

4 152 122 213 217 158 161

5 237 233 256 252 232 248

6 233 251 235 224 212 219

7 175 174 190 171 208 206

8 227 210 265 271 184 184
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Table 5 Serum cholesterol in 16 subjects after ingestion different amounts of

fruits (continued)

Subject 50 g CHO of rose apple 09 C}:(Ziovgltite)?;ana' 50 g CHO of papaya

Before After Before After Before After
9 199 190 204 216 207 190
10 238 241 191 194 183 176
11 186 193 159 165 152 149
12 172 175 183 190 195 185
13 221 220 196 214 163 162
14 211 205 162 156 194 195
15 242 246 232 227 218 219
16 163 163 149 152 161 161

Subject 30 g CHO of rose apple PR CKgiOVg:iZ?;ana' 30 g CHO of papaya
Before After Before After Before After
9 205 201 v 218 216 224
10 191 191 198 202 177 183
11 154 145 156 158 142 142
12 172 154 203 199 170 173
13 258 279 258 279 224 237
14 170 171 167 156 197 205
15 179 190 202 203 238 251
16 152 156 146 141 163 142
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Table 5 Serum cholesterol in 16 subjects after ingestion different amounts of

fruits (continued)

Subject 50 g glucose (gr. 1) Subject 50 g glucose ( gr.2)
Before After Before After

1 199 195 9 215 231

2 188 186 10 225 234

3 176 174 11 185 194

4 162 159 12 167 173

B 254 256 13 183 182

6 217 216 14 184 180

7 183 154 15 187 194

8 243 259 16 162 151
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Table 6 Serum HDL-C in 16 subjects after ingestion different amounts of fruits

Subject 50 g CHO of tangerine 5?£mct:)|:8n0f 50 g CHO of pomelo

Before After Before After Before After

1 39 39 14 12 39 39

2 52 46 85 53 37 36

3 58 63 61 60 56 56

4 44 45 53 50 46 42

5 53 54 57 57 54 51

6 41 42 51 49 39 37

1 44 41 44 43 45 40

8 44 47 50 49 47 45
Subject 30 g CHO of tangerine 3?£m%|:gn0f 30 g CHO pomelo
Before After Before After Before After

1 41 43 41 45 35 34

2 44 47 64 61 48 47

3 56 53 65 65 S7 o4

4 56 H 58 58 48 46

) 54 51 64 65 57 94

6 41 39 51 50 39 38

7 43 43 41 39 43 44

8 42 44 50 49 44 39




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 105

Table 6 Serum HDL-C in 16 subjects after ingestion different amounts of fruits

(continued)

Subject 50 g CHO of rose apple 09 igﬁ,;:ite)?;ana_ 50 g CHO of papaya
Before After Before After Before After
9 36 33 36 36 32 34
10 52 49 53 54 41 39
11 29 29 31 32 27 27
12 42 43 56 49 38 34
13 49 53 44 44 51 50
14 29 36 34 27 26 26
15 51 51 56 53 51 49
16 46 45 49 44 50 51

Subject 30 g CHO of rose apple & CKgiOVgLZ?;ana- 30 g CHO of papaya
Before After Before After Before After
9 34 39 37 36 32 34
10 44 43 50 48 43 43
11 31 33 ek 31 29 27
12 40 39 39 38 36 38
13 44 51 44 51 39 41
14 37 33 26 23 35 33
15 44 44 45 46 41 43
16 46 46 47 48 53 52
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Table 6 Serum HDL-C in 16 subjects after ingestion different amounts of fruits

(continued)

50 g glucose (gr. 1)

50 g glucose ( gr.2)

Subject Subject
Before After Before After
1 37 36 9 44 43
2 ol 43 10 45 46
3 53 51 ik 30 27
4 47 44 12 38 39
5 56 53 13 41 48
6 34 34 14 36 39
7 40 35 15 o1 50
8 46 42 16 56 51
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Table 7 Serum LDL-C in 16 subjects after ingestion different amounts of fruits

50 g CHO of tangerine

50 g CHO of rambutan

50 g CHO of pomelo

Subject

Before After Before After Before After

1 126 116 145 139 96 93

2 106 96 199 188 106 90

3 71 68 147 128 80 79

4 68 69 129 120 78 74

5 151 153 135 122 158 156

6 137 148 196 182 137 130

1 124 121 123 123 102 96

8 136 138 16 180 150 147
) 30 g CHO of tangerine | 30 g CHO of rambutan 30 g CHO pomelo
SUbE Before After Before After Before After

1 116 94 161 173 175 164

2 129 129 203 186 123 115

3 97 88 121 117 86 86

4 84 47 125 131 89 91

5 164 160 171 153 153 166

6 158 173 158 148 145 143

7 110 102 125 104 130 126

8 167 140 155 163 115 119
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Table 7 Serum LDL-C in 16 subjects after ingestion different amounts of fruits

(continued)

Subject 50 g CHO of rose apple 09 igﬁ,;:ite)?;ana_ 50 g CHO of papaya
Before After Before After Before After
9 127 119 125 126 133 102
10 #55 146 122 112 115 109
11 119 125 98 104 98 94
12 103 107 100 110 137 128
13 144 118 128 139 99 89
14 139 144 112 105 130 134
15 143 157 146 134 134 129
16 109 105 93 97 101 96
Subject 30 g CHO of rose apple & CKgiOVgLZ?;ana- 30 g CHO of papaya
Before After Before After Before After
9 146 124 143 143 142 146
10 126 124 129 124 112 120
11 95 85 106 108 85 85
12 103 86 137 131 109 117
13 183 204 183 204 157 165
14 92 100 96 91 142 142
15 104 112 122 121 157 161
16 97 96 92 86 101 79
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Table 7 Serum LDL-C in 16 subjects after ingestion different amounts of fruits

(continued)

Subject 50 g glucose (gr. 1) Subject 50 g glucose ( gr.2)
Before After Before After

1 120 114 9 127 132

2 110 113 10 150 156

3 98 96 il 122 132

4 96 93 12 98 108

5) 172 165 13 116 101

6 159 151 14 118 111

7 119 90 15 113 110

8 158 174 16 98 89
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Table 8 Whole blood viscosity in 16 subjects after ingestion different amounts of

fruits
Subject 50 g CHO of tangerine 30 g CHO of tangerine
0 min 60 min 300 min 0 min 60 min 300 min
1 "7 2.97 3.24 3.15 2.94 3.10
2 3.36 3.33 Sl 3.25 3.05 3.22
3 3.47 3.34 3.48 3.20 3.00 3.18
4 3.34 2.97 3.30 3.25 3.04 3.32
5 3.43 3.16 3.44 3.2 3.00 3.18
6 3.21 2.96 3:19 3.64 3.44 3.97
1 3 3.43 Bl 3.13 291 3.36
8 35 3.22 R 3.66 3.48 3.60
subject 50 g CHO of rambutan 30 g CHO of rambutan
0 min 60 min 300 min 0 min 60 min 300 min
1 2.98 2.70 3.00 2.86 2.77 3.12
2 3.61 bl 4.92 3.51 3.21 3.55
3 3.76 3.61 3.33 3.63 3.43 3.78
4 3.48 3.22 3.46 3.60 3.33 3.30
5 3.66 3.34 391 3.33 3.12 3.43
6 3.66 3.33 3.72 3.84 3.49 3.73
7 3.43 3.06 3.63 3.46 3.34 3.57
8 3.79 3.61 3.33 3.75 3.67 3.70
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Table 8 Whole blood viscosity in 16 subjects after ingestion different amounts of

fruits (continued)

Subject 50 g CHO of pomelo 30 g CHO pomelo
0 min 60 min 300 min 0 min 60 min 300 min
1 3.24 3.03 3.09 3.25 3.13 3.06
2 3.58 3.12 3.55 3.85 3.43 3.88
3 3.82 3.54 3.91 3.76 3.48 4.14
4 3.46 3.12 o 3.01 3.06 3.13
5 3.34 3.01 /A 3.40 3.22 3.46
6 3.46 3.31 Byo¥ 3.46 3.21 3.37
7 3.48 3.18 3.43 3.67 3.42 3.69
8 3.74 3.46 3.71 3.60 3.48 3.52
Subject 50 g CHO of rose apple 30 g CHO of rose apple
0 min 60 min 300 min 0 min 60 min 300 min
9 4.32 3.90 3.96 3.94 3.91 412
10 3.82 3.63 3.85 3.91 3.94 3.76
11 3.70 3.67 3.66 3.78 3.75 3.81
12 2.98 2.54 3.10 3.18 2.92 2.98
13 4.30 3.90 4.35 3.82 3.54 3.91
14 3.52 3.34 3.61 3.87 3.43 3.21
15 3.84 3.81 3.97 4.00 3.24 3.88
16 3.09 3.25 3.10 291 291 2.94
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Table 8 Whole blood viscosity in 16 subjects after ingestion different amounts of

fruits (continued)

Subject 50 g CHO of banana-Kai variety | 30 g CHO of banana-Kai variety

0 min 60 min 300 min 0 min 60 min 300 min
9 4.03 3.69 3.75 4.27 4.26 4.53
10 3.85 3.67 4.15 3.84 3.93 3.96
11 3.45 3.4 3.58 2! 3.28 3.36
12 3.18 3.07 3.13 3.36 3.24 3.18
13 3.85 3.66 4.5 3.82 4.03 4.42
14 3.43 3.18 P 3.7 3.48 3.45
15 3.78 3.7 3.61 3.52 3.43 3.55
16 2.83 2.76 2.88 2.67 2.62 2.68

Subject 50 g CHO of papaya 30 g CHO of papaya

0 min 60 min 300 min 0 min 60 min 300 min
9 4.24 4.12 4.57 4.24 412 4.57
10 3.6 3.36 3.48 3.6 3.36 3.48
11 3.24 2.97 3.27 3.24 2.97 3.27
12 3 2.89 3.13 3 2.89 3.13
13 3.49 3.34 4.09 3.49 3.34 4.09
14 3.48 34 3.6 3.48 3.4 3.6
15 3.61 3.18 3.6 3.61 3.18 3.6
16 2.97 2.76 3.22 2.97 2.76 3.22
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Table 8 Whole blood viscosity in 16 subjects after ingestion different amounts of

fruits (continued)

Subject 50 g glucose (gr. 1) Subject 50 g glucose ( gr.2)
0 min 60 min 300 min 0 min 60 min 300 min
1 3.39 3.36 3.39 9 3.52 3.3 3.84
2 4.59 3.78 4.14 10 3.73 2% 3.69
3 3.82 3.57 3.82 11 4.12 3.67 3.96
4 3.28 3.19 oA 12 3.09 3.01 3.1
3 3.78 3.56 Sy 40 13 3.58 3.78 4.23
6 3.38 2! 3.36 14 3.75 3.63 3.73
i 3.24 3.42 3.81 adi 3.46 3.48 3.57
8 3.78 3.55 3.78 16 3.36 3.07 3.06
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