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ABSTRACT

The aim of this study was to determine the efficacy of mangosteen juice
concentrate mixed with garcinia for weight loss and body fat reduction in obese
females. A repeated measures design was conducted with 42 obese females. This study
provided nutritional therapy as the following: first 4 weeks (week 1 - 4) subjects
received dietary advice for weight loss, weeks 5 — 8 subjects received the same dietary
advice as week 1 — 4 and replaced 2 regular meals with 1 can mangosteen juice
concentrate mixed with garcinia (MJ) with Garcinia biscuit barbecue (GB) for lunch
and 1 can of MJ for dinner; and weeks 9 - 12 subjects also received the same advice as
week 1 — 4. The body composition, 3 waist circumference sites, blood chemistry, 24-
hr dietary record were followed up and evaluated every 4 weeks throughout the study.

After the obese female subjects drank MJ with GB with diet control for 4
weeks, the result showed that body weight, body mass index, body fat, segmental fat,
and 3 waist circumference sites reduction were greater than the first 4 weeks of dietary
advice. Moreover, the subjects who drank MJ with GB for lunch and 1 can of MJ for
dinner gave them satiety, which then subsequently decreased their appetite. The study
found that MJ with GB was able to help 10 subjects with uncontrolled diet; it helps
them achieve their weight and body fat reduction more easily.

In conclusion, MJ with GB had better effects on weight loss and body fat
reduction than diet control. It had an efficacy to reduce segmental fat and 3 waist
circumference sites without any adverse effect.

KEY WORDS: OBESITY / WEIGHT LOSS / BODY FAT / MANGOSTEEN /
GARCINIA
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CHAPTER 1
INTRODUCTION

1.1 Background and rationale

Obesity is generally caused by energy intake over energy expenditure. The
excess energy intake is stored by the body fat. Situation of obesity were higher than in
the several years ago. World health organization (WHO) reported more than 1.9
billion adults aged 18 years and older were overweight. Of these over 600 million
adults were obese. In each year at least 2.8 million people die from overweight and
obese. In 2014, the global adult populations 11% of men and 15% of women were
obese. Overweight and obesity are major risk factors for non-communicable disease
(NCD) including diabetes mellitus (DM), hypertension, dyslipidemia, cardiovascular
diseases and cancer. Health benefits of weight loss improve nutrition status. It can be
reduce risk factor of NCD and decrease mortality from obesity (1).

According to healthy diet plans, reducing caloric intake, and increasing in
physical activity is the basis for success long term weight loss, but the major problem
of many people are incapable of losing weight because dietary behavior and lifestyle
changes are difficult, these obese people find out the alternative choices for losing
weight such as health foods or natural supplement foods promoted for weight loss in
the expect that these products will help them more easily achieve their weight
reduction (2).

In currently a wide variety natural supplements claim for weight loss
distribute on health market. Mangosteen has been used for weight management.

Mangosteen (Garcinia mangostana L.) is a queen of fruit because of its
light green calyx of deep purple fruit similar to queen crown. Xanthone is major
bioactive compound of mangosteen. The two most beneficial xanthones in the

mangosteen were a-mangostin and y-mangostin (3).
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Liu et al. (4) reviewed the anti-obesity activity of xanthones from Garcinia
mangostana. They concluded that action of xanthone lead to goal of anti-obesity
composed three ways anti-adipogenic, anti-inflammation, and anti-oxidation. ao-
Mangostin and y-mangostin have been inhibiting adipogenesis and reducing fat
accumulation. Activity on anti-inflammation is adipocyte stimulate inflammatory
cytokines. Moreover a-mangostin is anti-oxidative stress.

Garcinia (Garcinia cambogia Desr.), it is in the same specie of
mangosteen. Activities of hydroxycitric acid on anti-obesity are various mechanisms.
It suppresses appetite on serotonin increasing and stimulate fat oxidation (fat burning).
Beside it decreases lipogenesis from inhibiting enzymatic pathway for converting
carbohydrate into fatty acid (de novo lipogenesis) (5).

Several studies showed the benefits of Garcinia mangostana or Garcinia
cambogia for weight management and reducing body fat accumulation (4, 5). Thus we
are interested to study the synergy effects of combined Garcinia mangostana and
Garcinia cambogia on weight loss and body fat accumulation.

Rationale of this study we aim to evaluate efficacy of mangosteen juice

mixed with garcinia for weight loss and body fat reduction in obese females.

1.2 Objectives
1.2.1 To study efficacy of mangosteen juice concentrate mixed with
garcinia on
1.2.1.1 weight loss and body fat reduction in obese females
1.2.1.2 dietary intake reduction or satiety improvement
1.2.1.3 lowering blood lipid and glucose levels
1.2.2 To study safety and side effects of mangosteen juice concentrate

mixed with garcinia.
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CHAPTER II
LITERATURE REVIEW

2.1 Obesity

2.1.1 Definition of obesity

Obesity is defined as an excessive or abnormal fat storage. Adipocyte
dysfunction is a major cause of obesity. Under positive energy balance condition,
preadipocytes in adipose tissue differentiate into adipocytes, and the excessive
accumulation of lipids in adipose tissue (1). The amount of lipids in adipose tissue is
the cumulative sum over time of the differences between energy intake and energy
expenditure. Although very small energy imbalances over a long period can have a
large cumulative effect. The current availability of highly palatable, calorically dense
foods and a sedentary lifestyle promote weight gain (6). The majority of fat storage in
the human body is present as subcutaneous body fat. Most of females, a high
percentage of the subcutaneous adipose tissue surround the areas of the breasts, waist,
and hips. Most of males have a high percentage of their subcutaneous adipose tissue

distributed around the fat areas of the chest, and abdomen (7).

2.1.2 Causes of obesity

The major cause of obesity is an energy imbalance. Increasing high energy
density, nutrient-poor foods with high levels of sugar and saturated fat consumptions
combined with lack of physical activity lead to excess energy that was kept in
adipocyte. Evidence to support the view that obese people slightly consuming yet gain
weight due to a slow metabolism is not generally supported. On average, obese people
have greater energy expenditure than their thin counterparts due to the energy required
to maintain an increased body mass. Some hormone problems are cause obesity,
underactive thyroid hormone (hypothyroidism), adrenal glands excess created cortisol

hormone (Cushing's syndrome), and polycystic ovarian syndrome (PCOS). Genes and
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family history also may affect the amount of fat accumulation. Family also shared diet
and physical activity habits, a link exists between genes and the environment.

Moreover other causes are age, medicines, lake of sleep, and emotional factors (8).

2.1.3 Classification of obesity

Body mass index (BMI) is a commonly determine body weight status but
limitation of using BMI change may not be an indicator of fat accumulation or
adiposity. Some individuals who are overweight are not over fat (eg, bodybuilders).
Others have BMI within the normal range and yet have a high percentage of their body
weight as fat. Although these misclassified persons are uncommon relative to the
population as a whole. Fatima et al. (9) found subject group within normal weight for
BMI individuals, 3% turned out to be underweight, 12% as overweight and 9% with
obese when their body fat was measured. Obesity is classified by percentage of body
fat, > 30%bw in female and > 20%bw in male (10).

2.1.4 Prevalence of obesity

The increasing prevalence of obesity in the United States and worldwide is
a cause of great concern both for the health of individuals and for national health care
systems. Obesity has reached epidemic proportions worldwide. This condition, and its
related diet related chronic disease have become major public health. The prevalence
of obesity is more than doubled between 1980 and 2014 in worldwide. WHO found
13% of the world adult populations were obese (11% of men and 15% of women) in
2014 (1).

Thailand health reports in 2013 found that the prevalence of obesity and
abdominal obesity were 34.7% and 32.1% of the population respectively. In addition
Thai females were found an excess BMI (40.7%) and risk of NCD (80.4%) more than
Thai males who had excess BMI 28.4% and risk of NCD 67.7%. Prevalence of
abdominal obesity in female increased from 36.1 % to 45% in 2013. Obesity has also

been associated with an increased risk of morbidity in females (11).
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2.1.5 Complications of obesity

The metabolic abnormalities induced by obesity frequently contribute to
cardiovascular disease, T2DM, dyslipidemia, hypertension, fatty liver, gallstones, and
PCOS. Obesity induces both quantitative and qualitative changes in adipose tissue
macrophages that promote a state of chronic low-grade inflammation. Inflammation is
an initiating factor in insulin insensitivity and disturbances in lipid metabolism

including hypertensive (12).

2.1.6 Incapableness of losing weight

Many obese people were unsuccessfully achieve to weight loss by
common factors such as uncontrolled energy intake, lack of exercise, their sedentary
life style, and stress. Diet strategy for weight management failed before weight loss
goals because many which they believed that people losing intention and they tried to
use dietary supplements promoted for weight loss, that these products will help them

more easily achievements (13).

2.2 Body composition

Body composition consist two compartments as fat and fat free mass
(muscle, bone, and total body water). Measurement of body composition is
anthropometrics assessment. Techniques for measuring body composition of fat and
lean body mass include anthropometry and bioelectrical impedance analysis (BIA).
Other techniques, including dual X-ray absorptiometry (DXA), hydrodensitometry,
total body potassium measurement, and cross-sectional computed tomography or
magnetic resonance imaging are available in research centers. Anthropometry,
including waist-hip ratios, regional DXA, and cross-sectional imaging, is best for

detecting morphologic changes associated with fat redistribution syndrome (14, 15).
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2.2.1 Body fat

Adipose tissue (body fat) is connective tissue composed of adipocytes. Its
separate the two types are brown adipose tissue (BAT) and white adipose tissue
(WAT). Brown adipose tissue put up body heat and stimulate metabolism. Role of
white adipose tissue are energy storage and protect internal-organ from mechanical
force. Adipocyte secretes adipokines (adiponectin, leptin, and resitin) as metabolism
hormone. If those hormones imbalance it effect on health. Figure 2.1 shows the
relationship of 3 adipokines created from adipocyte on metabolism functions. Leptin is
satiety hormone and stimulate energy expenditure. Adiponectin has potent effects on
carbohydrate and lipid metabolism. Resistin reduce glucose uptake in liver and relate

with insulin function (16).

Brain Muscle Other/Peripheral
JFoodintake M Fatry acid oxidation & Insulin secretion
M Energy expenditure J Triglyceride content M mmune function
*+Reproductive/neuroendocrine function A Insulin sensitivity 4 Angiogenesis

Muscle
Fattyacid oxidation
J Triglyceride content

T Insulin sensitivity

Liver
J Glucose uptake
J Insulin action

+J Glucose production
4 HDI . . o
A Insulin sensitivity Adiponectin Resistin
Muscle

Systemic Adipocytes
Insulin sensitivity
J Free fattyacid
J Plasma glucose
 Atherogenesis

Liver Leptin
Fatty acid oxidation

A Insulin resistance

Figure 2.1 Relationship of 3 adipokines as leptin, adiponectin, and resistin

on metabolism functions 1= increase and |= decrease (16)

2.2.2 Fat free mass

Fat free mass (FFM) is composed of muscle, bone, and total body water.
Bones are structure of body. Muscle mass includes the skeletal muscles, smooth
muscles, cardiac muscle, and the water contained in these muscles. Muscles are the
role of body movement and energy expenditure. Muscle tissue is the creation of body

heat. In consequence of the high metabolic rate of contracting muscle, more muscle
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contractions lead to increase in body temperature. The final part of fat free mass is
total body water. It controls body temperature and get rid of waste. Moreover it

contain in muscle mass (17).

2.3 Bioelectrical impedance analysis (BIA)

Bioelectrical impedance analysis (BIA) is a commonly used method for
measurement body composition. A method is assessed body composition by electrical
resistance. A very low, safe electrical signal is sent from four metal electrodes through
body. In segmental models, the four hand-held electrodes will provide extra readings
for each leg, arm and abdominal area. The electrical signal flow quickly through water
that present in hydrated muscle tissue but finds resistance when it meets fat tissue.
This resistance, known as impedance, is measured and input into scientifically
validated equations to calculate body composition measurements. Body composition
measurements are provided in less than 20 seconds. BIA method is advantage because

it is safe, low cost, rapid and easy to perform (18).

2.4 Waist circumference

Waist Circumference (WC) is a simple method for assessing the central
obesity (abdominal obesity). Because of WC is associated with the visceral fat.
Visceral fat is independently correlated with risks of NCD as DM, hypertension,
dyslipidemia, and cardiovascular disease etc. Midpoint between the lowest rib and
iliac crest is commonly WC measurement but differences trunk fat storage and
distribution depend on individual. This study selected 3 sites for WC measurement
applied methods from the WHO, NIH and ASM (19). Figure 2.2 shows sites of waist
circumference were measured as above umbilical line 5 cm (AUWC), umbilical line
(UWC), and below umbilical line 4 cm (BUWC). The cut-off points of WC for

detecting abdominal obese follow as female: WC> 80 cm and male: WC > 90 cm.
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AUWC
uwC
BUWC

Figure 2.2 The 3 waist circumference sites

2.5 Mangosteen

Mangosteen is an economic fruits in Thailand, called Mangkhud. Its
common name is mangosteen, scientific name is Garcinia mangostana L. (Family of
CLUSIACEAE) (Figure 2.3) Mangosteen is a tropical fruit originated in Peninsular
Malaysia. The southern regions of Thailand are the largest mangosteen cultivation area
and the region produces good quality of mangosteen. Thailand is the top mangosteen
exporter in the world and the sales revenue from mangosteen are more than 4,000
million baht per year. Thailand export statistics reports that in 2014 the amount of
mangosteen export was 195,838 tons, which were fresh fruit and frozen fruit amounted

to 195,108 tons and 729 tons respectively (20, 21, and 22).

Figure 2.3 Mangosteen fruit (Garcinia mangostana L.) (23)
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United states department of agriculture reported that within 100 g of
mangosteen the nutrient values provided are as follows: energy 73 kcal, carbohydrate
17.91 g, protein 0.41 g, fat 0.58 g, fiber 1.8 g ,vitamin C 2.9 mg, vitamin B1 0.054 mg,
vitamin B2 0.054 mg, niacin 0.286 mg, vitamin B6 0.018 mg, and potassium 48 mg
(24).

Obolskiy et al. (3) reviewed literature about the phytochemistry and
pharmacology of mangosteen. The survey reveals that major phytochemical found in
Garcinia mangostana L. are polyphenolic compound (xanthones) and other active
compounds also found are flavonoids (epicatehin) and anthocyanins (chrysanthemin,
cyanidin-3-o-sophoroside, cyanidin-3-o-glucoside).

Ibrahim et al. (25) found that bioactive compound of mangosteen has fifty
xanthones containing in the pericarp. The xanthone which found most are a-mangostin
and y-mangostin (Figure 2.4). Many studies both in vitro and in vivo investigate the
pharmacological effect of a—mangostin (a-MG) about anti-oxidant, anti-inflammation,

anti-proliferation, and anti-infection.

|
0 HO
NS¢
HO 0 OH

a-mangostin y-mangostin

Figure 2.4 The structure of a—mangostin and y-mangostin (26).

Chitchumroonchokchai et al. (27) studied the bioavailability of xanthones
in mangosteen juice. Total xanthones in mangosteen juice as a—mangostin, garcinones,
y-mangostin, gartanins, and other xanthones were 58%, 2%, 6%, 4%, and 5%
respectively.

Taher et al. (28) evaluated the effective of a-mangostin extract from bark
of Garcinia malaccensis (plant which is similar to family of mangosteen). The a-
mangostin could increase gene expression of leptin hormone in vitro study. Leptin
hormone relate to satiety index, hence reducing appetite and improving energy

expenditure influence for weight loss.
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Udani et al. (29) separated obese subject into 4 groups. Each group
received different dose of mangosteen juice blended with other berry juice. (Xango™)
Three groups received different dose of mangosteen juice blend which were 6, 12, and
18 oz per day, and compared with the placebo group receiving juice compose of
sucrose flavor, citric acid and caramel color for 8 weeks. They found that the subjects
drank 6 oz per day significantly reduced BMI and body fat percentage.

Quan et al. (30) studied in vitro found that a-mangostin extracted from the
trunk of mangosteen could inhibit fatty acid synthesis in 3T3-L1 preadipocyte cells.
a-Mangostin concentrate 20 uM inhibits 50% of fatty acid synthesis (inhibitory
concentration : ICso) and suppress on 3T3-L1 preadipocyte cells function. Such
suppression decreases fat accumulation and stimulates lipolysis in mature adipocytes.

Stern et al. (31) studied the efficacy of 7-hydroxyfrullanolide, the
phytochemical in Sphaeranthus indicus and a-mangostin, the phytochemical in
Garcinia mangostana on weight loss. Obese subjects received 2 capsules of herbal
extract per day, each capsule is 400 mg consisting of 300 mg from the flower of
Sphaeranthus indicus and 100 mg from the pericarp of mangosteen. After 8 weeks of
the experiment the herbal blend group had significant net weight loss of 3.8 kg (4.6%)
in comparison with the placebo group. In addition BMI, waist and hip circumferences
are significantly reduced from baseline 1.6 kg./m? (4.6%), 5.9 cm (6.0%), and 3.2 cm
(2.7%) respectively. Biochemical assessment which includes total cholesterol,
triglyceride, and fasting blood glucose (FBG) also significantly decreased 13.8%,
41.6%, and 12.2% respectively.

A randomized, double-blind, placebo-controlled studied of the efficacy
and tolerability of Meratrim® (Sphaeranthus indicus flower heads and Garcinia
mangostana fruit rinds) controls body weight in overweight human. After 16 weeks
the Meratrim® group had significant reduce anthropometric parameters as weight,
waist and hip circumferences. Including biochemical assessment (total cholesterol,
LDL-cholesterol (LDL-C), triglyceride, and FBG) were significantly reduced from
baseline. This study no differences were seen in the liver and the kidney functions. It
did not show adverse effects (32).

Saiyed. et al. (33) evaluated the safety of herbal extract (Sphaeranthus

indicus and Garcinia mangostana) and they also assessed food consumption and body
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weight in rats. The result showed significant decreased in food consumptions and
weight loss in the male rat group received herbal extract 1000 mg/kg/day at week 1
and 3.

Researchers of operation BIM of the Thai mangosteen research and
development centre studied effect of mangosteen concentrate 80% (mangosteen aril
80% and water 20%) in obese subjects for reducing excess body fat. Obese subjects
drank mangosteen juice concentrate 1 bottle (300 ml) before meal per day for 4 weeks,
both mean body weight and mean WC decreased from baseline 1.41 kg and 5.55 cm,
respectively (34).

2.6 Garcinia

The common name of garcinia is Malabar tamarind. Its Thai name is
SOM-KAK. Its scientific name is Garcinia cambogia Desr. (Family of
CLUSIACEAE). Originated in India, it was in the same specie with mangosteen (35)
(Figure 2.5).

Figure 2.5 Garcinia fruit (Garcinia cambogia Desr.) (36)

The southern of Thailand is main cultivation area of the Garcinia give
plant, sour flavor fruit which was used in cooking. Hydroxy citric acid (HCA) is an
active compound which was found in garcinia. The acid has an effect on weight

reduction (Figure 2.6).
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HO
OH

Hydroxycitric Acid
Figure 2.6 The structure of hydroxy citric acid (HCA) (37)

Chuah et al. (5) reviewed many clinical studies on the topic of HCA
effecting for weight loss. They found that the HCA could stimulate the brain to
increase serotonin secretion. Serotonin hormone helps to reduce appetite and effects
to fat metabolism by reducing lipogenesis. Moreover, it could stimulate fat oxidation.
They also found that HCA could inhibit ATP citratelyase enzyme in kreb’cycle.
Without such inhibition, ATP citratelyase enzyme will change citrate into oxaloacetate
and acetyl-CoA which then subsequently change into malonyl-CoA causing fatty acid
synthesis (Figure 2.7).

Garcinia/HCA > Insulin, leptin
EF
-workout (YES);
resting #?
and
RER (YES):
RQ 7

Citrate to oxaloacetate
and acetyl-CoA
D¢ nove lipogenesis
Glycogen
Carbohydrate synthesis i
oxidation &. Fatty acid .1..u1
cholesterol
1 biosynthesis
Fatty acids supply Food intake suppression
! "atfecting adipose conversion .
serolonin regulation
Fat oxidation

Appetite

Figure 2.7 Effects of HCA on anti-obesity (5)
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Kovacs et al. (38) studied effects of HCA on fat synthesis (i.e. de novo
lipogenesis) in sedentary males after 10 days from high carbohydrate consumption and
500 mg HCA supplement 3 times/day compared with placebo. HCA group was
significantly reduced lipogenesis 11% (de novo lipogenesis).

Westerterp-Plantenga et al. (39) studied overweight subjects group
consumed tomato juice 100 ml mixed with HCA 300 mg compared with placebo
group consumed tomato juice 100 ml for 2 weeks. In tomato juice blends group both
of 24-hr energy intake and energy from snack meals were significantly reduced 1670 +
500 kcal and 380 + 350 kcal compared with placebo, respectively. Due to this study
was short time, this not showed statistically significant decreased body weight 0.5 kg
from baseline.

Hayamizu et al. (40) studied in central obese subjects (visceral fat area >90
cm?), separated into 2 groups. Comparison visceral fat in both of the garcinia extract
group, 1000 mg/day, and placebo group after supplement for 16 weeks, they found
garcinia extract group had significant reduced visceral fat area 86.4 + 2.1 cm? (P
=0.001) and subcutaneous fat area significantly reduced 85.4 + 3.1 cm? from baseline
(P <0.001).

Roongpisuthipong et al. (41) studied effects of water soluble calcium
hydroxycitrate in Garcinia atroviridis for reducing body weight and body fat in obese
subjects. Obese subjects were separated 2 groups. Group 1 received water soluble
calcium contains HCA 1.15 g and group 2 received placebo (water soluble calcium).
Both groups consumed 3 times/days for 2 months. After supplement in group 1 had
significant reduced body weight 2.3 + 0.1 kg and 2.8 + 0.1 kg at week 4 and 8,
respectively. At week 8 group 1 had significant decreased body fat from baseline 4.9%
of body weight whereas, this group significantly increase muscle mass 1.3 kg.

Marquez et al. (42) has made a review literature about the safety and
efficacy of hydroxycitric acid. Previous study reported of no adverse effects from
garcinia supplement in subjects. But in rare case studies was found slightly adverse
effect in experimental animals as testicular atrophy in Zucker rats received high dose

HCA for long term, these related to the lactone content of HCA affecting its solubility.
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CHAPTER III
MATERIALS AND METHODS

3.1 Study design

This study is a repeated measures design. The design was used for single
group. The study repeated measurement to compare the same outcome under two or
more different conditions (43). This study was a 12-weeks in obese females who had
%body fat > 30 %bw. This study provided nutritional therapy as the following: first 4
weeks (week 1 - 4) subjects received dietary advice for weight loss, weeks 5 — 8
subjects received the same dietary advice as week 1 — 4 and replaced 2 regular meals
with 1 can mangosteen juice concentrate mixed with garcinia (MJ) and garcinia biscuit
barbecue (GB) for lunch and 1 can of MJ for dinner, and weeks 9 - 12 subjects also

received the same advice as week 1 — 4.

3.2 Study place

Health Empowerment Ramathibodi Centre and Graduate Program in

Nutrition Faculty of Medicine Ramathibodi Hospital, Mahidol University.

3.3 Duration of study
June 2015 — June 2016
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3.4 Recruitment of subjects

3.4.1 Sample size calculation

This study used single group formula for sample size calculation (44).

Formula

_ [Za/z + ZB]ZGZ
(n— p0)2
According to Stern et al. (31) studied effects of herbal extract for weight
loss. Obese subjects received 2 capsules of herbal extract per day, each capsule is 400
mg consisting of 300 mg from the flower of Sphaeranthus indicus and 100 mg from
the pericarp of mangosteen. At week 4, herbal extract group had significant reduced

weight 3.1 £ 1.4 kg, this figure was used for sample size calculation.

o =0.05 (two-sided) 1-p=0.2

u =3.1 (the average of body weight reduction at week 4 of Stern study)

o = 3.72 (the average of body weight reduction was expected of our study)
=3.1+(20% of 3.1)

6 =SD=1.4

[1.96 + 0.84]21.4°
(3.72 — 3.1)2

n=

=41 subjects

Expected drop out 10% of subjects thus the number of including subjects 41 - 46

subjects
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3.4.2 Inclusion criteria
3.4.2.1 Adult females aged 20-70 years
3.4.2.2 Subjects had body fat > 30 % of bw (10).
3.4.2.3 Subjects did not use drug or supplements that affect on
weight loss.
3.4.2.4 Subjects had no medical history of liver disease, kidney
disease, thyroid disease, and infectious disease

3.4.2.5 Subjects were able to participate throughout the study.

3.4.3 Exclusion criteria
3.4.3.1 Liver disease, kidney disease, thyroid disease, and
infectious disease were found in subjects from first blood examination.
3.4.3.2 Subjects were not able to participate throughout the
study
3.4.3.3 Subjects reject or withdraw from study.
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3.5 Diets for study

3.5.1 Mangosteen juice concentrate mixed with garcinia is considered as a
healthy drink with, low energy, high fiber, fat free, no added sugar and can be for
weight reduction. This juice is made from mangosteen aril, good texture, used as meal

replacement, and no toxic from pericarp tannin. (Table 3.1) (Appendix A)

Table 3.1 Nutritional value of mangosteen juice concentrate mixed with garcinia

(Goldshape drink®)
Juice Amount/250 ml
(1 serving)
Ingredients
Mangosteen aril 70.0 %
Garcinia 40 %
Water 26.0 %
Nutritional values
Energy 109 kcal
Carbohydrate 258 ¢
Sugar 225 ¢
Dietary fiber 1.7 g
Protein 1.7 g
Fat 0 ¢
Sodium 13.3 mg

®Asian Phytoceuticals Public Co., Ltd. (APCO)

Mangosteen juice concentrate mixed with garcinia (MJ)
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3.5.2 Garcinia biscuit barbecue flavor is healthy snack, low energy, low
sugar, low fat, low sodium and high fiber. This biscuit contains 22.7% of garcinia

(Table 3.2) (Appendix A).

Table 3.2 Nutritional value of Garcinia biscuit barbecue flavor (Goldshape biscuit®)

Biscuit Amount/100g (60 sheets)

serving size 10 sheets

Ingredients
Rice 68.3 %
Garcinia juice 227 %
Maltodextrin L75 %
Sugar 1.15 %
Palm oil 30 %
Seasoning 6.0 %
Tomato powder 1.05 %
Salt 0.66 %
Tocopherol 0.002 %
Nutritional values

Energy 60  kcal
Carbohydrate 125 ¢

Sugar 0.14 ¢

Dietary fiber 0.50 g (2% RDI)
Fat 0.75 g
Saturated fat 0.08 ¢

(1.2 % of biscuit calorie)

Protein 1.0 g
Sodium 195 mg (8.1 % RDI)

®Asian Phytoceuticals Public Co., Ltd.

Garcinia biscuit barbecue (GB)
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3.6 Process of study

3.6.1 At weeks 1-4 subjects received dietary recommendation for weight
loss such as reducing a portion of daily food, fried foods, high saturated fat foods, and
Trans fat consumptions. Drinking fresh water replaced sweetened beverages.
Increasing fresh vegetables, fresh fruits, whole grains, and healthy sources of protein
such as fish, chicken breast, tofu, and low-fat dairy consumptions.

3.6.2 At weeks 5-8 subjects received dietary recommendation combined
with MJ consumption. The subjects consumed 2 cans of 250 ml MJ per day; one can
with 10 pieces of GB for lunch and the other one with a few regular diets for dinner
(Appendix B).

3.6.3 At weeks 9-12 subjects received the same dietary recommendation as

week 1 - 4.

3.7 Nutritional assessments

3.7.1 General information

Collecting dietary behavior and health information from questionnaire at

week 0 (Appendix C)

3.7.2 Anthropometric measurements

3.7.2.1 Tanita BC-418 Body Composition Analyzer

This measurement tool use to measure weight and analyzes
body composition. The hand grips were added to allow the BC-418 model to assess
segmental body composition. It use of 8 electrodes to detect body composition mass
for the right arm, the left arm, the trunk, the right leg and the left leg.

3.7.2.2 Body composition

At weeks 0, 4, 8, and 12, subjects were assess body
composition by Tanita BC-418 Body Composition Analyzer, Tanita Co.Ltd., Japan
(45) and measurement 3 WC sites as above umbilical line 5 cm (AUWC), umbilical

line (UWC), and below umbilical line 4 cm (BUWC) (19).
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3.7.3 Blood pressure measurement

Blood pressure (BP) were measured at weeks 0, 4, 8, and 12

3.7.4 Biochemical measurements

At weeks 0, 4, 8, and 12, obese subjects have to fasting 8 - 12 hours
prepared for biochemical blood test. Blood samples were collected total 10 ml for
analysis including levels of serum uric acid, hemoglobin, FBG, total cholesterol,
HDL-C, LDL-C, triglyceride, creatinine, BUN, SGOT, and SGPT which were
detected by automated blood BS-400 Chemistry Analyser, Mindray bio-Medical
Electronics Co.Ltd (46).

3.7.5 Dietary assessment

24 hr-dietary record is method for dietary assessment diet throughout the
study. Subjects wrote 24 hr-dietary records throughout the study. Energy and nutrient
intakes were calculated by INMUCAL-Nutrients version 3 (47) (Appendix D).

3.7.6 Evaluating the acceptability, safety and adverse effect
The acceptability, safety, and adverse effect of MJ and GB consumption

were evaluated by questionnaire at week 5 — 8 (Appendix E).

3.7.7 Physical activity and exercise
Physical activity and exercise records were collected throughout the study

(Appendix F).

3.8 Criteria for nutritional status assessment (Appendix G)

3.8.1 Body weight status was classified by BMI, criteria of WHO 2004
(48).

3.8.2 Body fat status was classified by Gallagher et al., 2000 (10).

3.8.3 Dyslipidemia was classified by criteria of NCEP III 2002 (49).

3.8.4 Blood pressure status was classified by criteria of Thai Guidelines

on The Treatment of Hypertension 2012 (update 2015) (50).
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3.8.5 Fasting blood glucose status was classified by criteria of Thai
Clinical Practice Guideline for Diabetes 2014 (51).

3.8.6 Hyperuricemia was classified by criteria of Thai Rheumatism
Association 2009 (52).

3.8.7 Anemia was classified by criteria of WHO 2011 (53).

3.8.8 Liver function test was interpreted by criteria of Liver Foundation
of Thailand (54).

3.8.9 Kidney function test was interpreted by criteria of 2016 National
Kidney Foundation (55).

3.9 Ethic

The study was approved by the Ethical Clearance Committee on Human
Rights Related to Research Involving Human Subjects Faculty of Medicine,
Ramathibodi Hospital, Mahidol University (ID 05-58-26) Written informed consents
were obtained from all subjects. (Appendix H).

3.10 Statistical analysis (56)

3.10.1 Descriptive Statistic
General information, body composition, dietary data, biochemical data,
nutritional status, and acceptability of MJ and GB data were shown as MEAN (+ SD)

or percentage.

3.10.2 Inferential Statistic
3.10.2.1 Repeated measures ANOVA, Wilcoxon signed-rank
test, and Pair t-test 95% CI (Confidence interval) were used for analyze differences

each period of body composition, biochemical, and dietary outcomes.
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3.10.2.2 Pearson’s correlation 95% CI (Confidence interval) is
used for correlation analysis between body composition, dietary, and biochemical

outcomes. SPSS statistics 18.0 program for windows was used for statistical analysis.
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CHAPTER 1V
RESULTS

This study aimed to evaluate efficacy of MJ for weight loss and body fat
reduction in obese females for 12 weeks. We included 42 obese female subjects,
whose characteristics are presented in Table 4.1. The subjects aged 44.0 = 11.8 (22 —
66) years, BMI 28.6 + 4.3 (23.0 - 41.8) kg/m?, and total body fat 41.2 + 5.5 (32.8 —
55.8) %bw. Subjects were 25 with office workers (59.5 %), 10 subjects with medical
personal (23.8%), and 7 subjects with other occupational (16.7%). 9.5% of subjects
had highest range of body fat (50.1 - 60.0 %bw) (Table 4.2).

4.1 Health information and dietary behavior

Subject health information showed 31.0% of total subjects had underlying
diseases including, hypertension 46.1%, hypercholesterolemia 30.8%, GERD 7.7%,
migraine 7.7%, and osteoarthritis 7.7%. All subjects with hypertension,
hypercholesterolemia received drug therapy. Only 21.4% of our subjects had regular
exercise including walking or jogging, fitness, bicycling, arm swing, and 5 of them
had daily 30-60 minutes of exercise (Table 4.3).

The study found 21.4 % of subjects skipped meal, 44.4 % skipped
breakfast, and 44.4% skipped dinner. Half of our obese female subjects ate fast foods
1-3 times/week and ate a buffet 1-3 times/month. Only 11.9% of them did not eat
animal fat. However, 40.5% of them did not eat animal skin, and 23.8% did not eat
organ meats. Most of our subjects (97.6%) had snack meals during a day and 40.5%
also had snacks before bed. Their favorite snacks were sweetened beverage and sweet
fruits. Half of them usually added sugar or fish sauce to their dishes. Coffee, cocoa,

soy milk, tea, fruit juice, and soft drink are their favorite beverages (Table 4.4).
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Table 4.1 Initial characteristics of 42 obese female subjects

No. Age, years BMLI, kg/m? Total body fat, %bw Occupation
1 38 41.8 55.8 Office worker
2 59 40.5 55.6 Housewife
3 47 38.5 53.1 Medical technologist
4 46 35.7 50.2 Office worker
5 42 34.7 49.1 Nurse
6 66 324 46.7 Nurse
7 52 31.6 45.2 Medical technologist
8 54 29.5 44.5 Cleaner
9 37 31.2 443 Office worker
10 25 30.7 438 Practical nurse
11 51 29.5 43.6 Laboratory technologist
12 51 28.6 434 Office worker
13 42 30.3 434 Office worker
14 56 29.2 42.5 Cleaner
15 39 29.3 42.4 Office worker
16 39 29.6 422 Medical technologist
17 43 29.7 42.1 Office worker
18 49 26.9 41.7 Office worker
19 23 28.3 414 Student
20 26 27.8 41.0 Office worker
21 59 27.9 40.3 Housewife
22 41 28.0 40.2 Teacher
23 53 25.3 40.0 Office worker
24 46 27.7 39.3 Office worker
25 40 25.7 39.0 Office worker
26 34 26.1 383 Practical nurse
27 35 27.2 38.3 Office worker
28 47 25.5 38.2 Office worker
29 58 26.0 37.8 Nurse
30 22 27.2 37.8 Medical technologist
31 24 253 37.7 Office worker
32 56 26.9 37.7 Tailor
33 62 26.2 37.3 Office worker
34 31 24.8 37.2 Office worker
35 45 24.3 37.1 Office worker
36 52 25.8 36.2 Office worker
37 50 25.2 36.1 Office worker
38 28 233 35.1 Office worker
39 59 26.5 35.1 Office worker
40 50 24.8 34.1 Office worker
41 23 23.7 33.6 Office worker
42 47 23.0 32.8 Office worker
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Total body fat, %ebw N % of subject Mean £ SD (range)

30.1-40.0 (Over body fatI) 20 47.6 36.9 £ 1.9 (33.6-43.8)
40.1 - 50.0 (Over body fat II) 18 429 43.2+2.2(40.2-49.1)
50.1 -60.0 (Over body fat III) 4 9.5 53.7+2.6 (50.2-55.8)

Table 4.3 Health information and exercise in 42 obese female subjects

Information n % of total
Underlying disease (n=13)

Hypercholesterolemia 4 30.8

Gastritis/ peptic ulcer/GERD 1 7.7

Hypertension 6 46.1

Migraine 1 7.7

Osteoarthritis 1 7.7
Drug therapy

Hypertension 6 100

Hypercholesterolemia 4 100
History disease

Ovarian Cancer 1 2.4

Cardiovascular disease 1 2.4
Frequency of exercise or physical activity

no exercise/physical activity 33 78.6

3-5 times/week 6 14.3

> 5 times/week 3 7.1
Duration of exercise or physical activity

no exercise/physical activity 33 78.6

< 30 minutes 2 4.8

30-60 minutes 5 11.9

> 60 minutes 2 4.8
Type of exercise or physical activity (n=9)

Walking / Jogging 4 44.5

Fitness 2 222

Bicycling 1 11.1

Arm swing 2 22.2
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Table 4.4 Dietary behavior of 42 obese female subjects

Dietary behavior n % of total

Fast foods

do not eat fast foods 7 16.7

eat fast foods1-3 times/week 24 57.1

eat fast foods1-3 times/month 10 23.8

eat fast foods1-3 times/year 1 24
Buffets

do not eat buffets 4 9.5

eat buffets 1-3 times/month 29 69.1

eat buffets 1-3 times/year 9 214
Animal fat

do not eat animal fat 5 11.9

eat all of animal fat in serving 9 214

eat some of animal fat in serving 28 66.7
Animal skin

do not eat animal skins 17 40.5

eat all of animal skins in serving 21 50.0

eat some of animal skins in serving 4 9.5
Organ meats

do not eat organ meats 10 23.8

eat all of organ meats in serving 5 11.9

eat some of organ meats in serving 27 64.3
Snacks during day

yes 41 97.6

no 1 2.4
Snacks before bed

yes 17 40.5

no 25 59.5
Added sugar

no added sugar in dishes 20 47.6

added sugar in dishes (< 1 Tsp.) 18 42.9

added sugar in dishes (> 2 Tsp.) 4 9.5
Added fish sauce

no added fish sauce in dishes 18 42.9

added fish sauce in dishes (< 1 Tsp.) 22 52.3

added fish sauce in dishes (> 2 Tsp.) 2 4.8
Beverage drinking (n=41)

Tea 21 51.2

Coffee& Cocoa 31 75.6

Soy milk 27 65.9

Soft drink 18 43.9

Fruit juice 19 46.3
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The study was divided 3 periods for 12 weeks: 1) weeks 1 — 4 subjects
received dietary recommendation for weight loss, 2) weeks 5 — 8 subjects received the
same dietary advice as week 1 — 4 and replaced 2 regular meals with 1 can MJ with
GB for lunch and 1 can of MJ for dinner, and 3) weeks 9 - 12 subjects also received

the same advice as week 1 - 4.

4.2 Dietary intake

Throughout the study, subjects had completely recorded their daily dietary
intake. All energy and nutrient intakes were calculated by INMUCAL-Nutrients
version 3 as shown in Tables 4.5 —4.8.

Table 4.5 shows mean + SD of daily dietary intake, their energy
requirement at week 8 of MJ consumption and week 12 of dietary advice for weight
loss were significantly lower than those at week 0 and 4.

At week 4 after receiving dietary advice for weight reduction their total
energy, carbohydrate, and fat intakes were significantly lower than that at week O.
However their energy distributions were not significant difference from baseline.

At week 8 after receiving MJ and GB replaced 2 meals a day, their energy
intake was significantly lower than those at week 0 and 4, 26.2 % of total energy was
derived from MJ and GB. The amount of carbohydrate, protein, and fat at week 8 were
significantly lower than that at baseline. Energy distribution of protein and fat were
significantly decreased from week 4 with the exception of energy distribution of
carbohydrate was significantly higher than those at week 0 and week 4.

At week 12 subjects also received the same advice as week 1- 4, energy
intake, protein intake, fat intake were higher than that at week 8, however energy
intake, carbohydrate, and fat intakes were significantly lower than that at baseline.
Energy distributions similar to week 4 were significant difference from baseline
except the highest of energy distribution of protein had significance.

At baseline the study found 16.0 % and 12.6 % of energy from sugar and
saturated fat intakes respectively. After receiving dietary advice for weight loss at first
4 weeks, subjects were significantly decreased sugar intake and saturated intake from

baseline. Next 4 weeks subjects consumed MJ for weight loss, both of the protein
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sources as animal protein and vegetable protein intakes were significantly reduced
from baseline and week 4. Subjects were also saturated fat intake and cholesterol
intake significant lower than those at week 0 and week 4, whereas the highest of sugar
intake was significance. Interestingly, fiber intake had significant higher than those at
diet control periods. Their mean study sugar intake was the lowest at week 12 (Table
4.6).

Table 4.7 shows nutrient and water intakes throughout the study. Sodium
intake was the highest at baseline. According to week 4 and week 12 subjects received
dietary advice for weight loss, their sodium intake was not significant difference from
baseline. At week 8 after consuming MJ, sodium intake was the lowest and both of the
iron source intakes as animal iron and vegetable iron were significantly decreased
from baseline and week 4, moreover the average daily water intakes was not different
throughout the study.

Table 4.8 shows daily nutrient intake compare with %Thai RDI. At
baseline cholesterol intake were founded almost over %Thai RDI, their sodium and
vitamin C intakes were also higher than % Thai RDI. At first 4 weeks and last 4
weeks, subjects remained sodium and vitamin C intakes higher than %Thai RDI. At
week 8 after consuming MJ, cholesterol and sodium intakes had lower than %Thai
RDI.

The subjects were instructed to consume assignment drink MJ 2 cans/day
(total MJ = 56 cans). The acceptability of compliance 290% of assignment, the

average of our subject compliance was 98%.
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Table 4.5 Mean (+ SD) of daily dietary intake in 42 obese female subjects throughout

the study
Intake Week 0 Week 4 Week 8 Week 12
Energy requirement, kcal 1540 + 161 1533 £ 156 1506 + 159311 1507 + 1583tb1
Total energy, kcal 1533 £227 1317 + 1843 1037 + 1892101 1288 + 21531t
Energy from MJ, kcal - - 213+6 -
Energy from GB, kcal - - 5012 -
Regular diet, % of energy 100 £ 0.0 100+ 0.0 73.8+£4.9 100 £0.0
MJ+GB , % of energy - - 26.2+4.9 -
Carbohydrate, g 187.7 +38.5 153.8 £27.28 149.6 + 25.031 151.5 £33.0&
, % of energy 489+73 47.6 +4.7 58.0 & 4.6310 47.3 £4.5%
from regular diet, % of energy 489+73 47.6 £4.7 56.0+5.0 473 +£4.5
from MJ + GB , % of energy - - 20+0.0 -
Protein, g 64.9+17.2 58.8+8.8 40.7 + 10.131 59.8 £9.6%

, % of energy 16.9+3.3 184+24 15.7 +£2.20 18.8 £ 2,331t
from regular diet, % of energy 16.9+33 184+24 103+£24 18.8+2.3
from MJ + GB , % of energy - - 54+13 -

Fat, g 57.9+134 49.4 + 8.68 30.8 + 8.52101 48.5 + 8.33%1
, % of energy 342+6.2 341+£3.6 26.5 + 3.63101 33.9+£3.3%
from regular diet, % of energy 342+6.2 341+3.6 259+3.6 339+33
from GB , % of energy - - 0.6+0.2 -

Significant difference from week 0 #'p<0.0001, **p<0.001

Significant difference from week 4 ®'p<0.0001

Significant difference from week 8 ¢'p<0.0001
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Table 4.6 Mean (+ SD) of sugar, fiber, animal protein, vegetable protein, saturated fat,

and cholesterol intakes in 42 obese female subjects throughout the study

Intake Week 0 Week 4 Week 8 Week 12
Sugar, g 60.7 +32.4 46.4+18.02  71.8+12.03%1 45,0 +20.97%!
, % of energy 16.0 + 8.8 14.0+4.6 28.0£3.431  13.7+4.7%
Sugar from, regular diet, % of energy 16.0 £ 8.8 14.0+4.6 10.4+£3.6 13.7+4.7
, MJ+GB , % of energy - - 17.6 £33 -
Fiber, g 9.1+4.7 7.3 +£2.8%2 8.6 + 2.5 7.2 £ 2.5%4¢2
Fiber from, Regular diet, g 9.1+4.7 73+28 48+25 72+25
, MI+GB , g - - 3.7+0.2 -
Animal protein, g 46.1 +16.2 433+8.3 274 +8.63811 438+ 820
, %o of total protein 69.6 +13.8 73.3+53 66.6 + 6.7° 73.2+5.3¢%
Vegetable protein, g 18.8+7.8 15529 13.3+£2.822  159+38%
, % of total protein 30.4+13.8 26.7+53 33.4 + 6.6" 26.8 +5.3¢
Saturated fat, g 21.5+6.6 16.5 £ 3.4% 10.8 +£3.5001 16,4 + 3,581
, % of energy 12.6 £3.6 11.3+1.8 92+1.73H1  115+1.8%
Cholesterol, mg 287.5+ 1145 267.1 +68.1 159.3 + 56,031 258.8 & 59.4¢

Significant difference from week 0 *'p<0.0001, **p<0.0005, *p<0.005

Significant difference from week 4 ®'p<0.0001, *>p<0.0005

Significant difference from week 8 °'p<0.0001, “>p<0.0005
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Table 4.7 Mean (+ SD) of nutrient and water intakes in 42 obese female subjects

throughout the study

Intake

Week 0

Week 4

Week 8

Week 12

Vitamin A, RE

Sodium, mg

Iron, mg

Animal iron, mg

% of total iron

Vegetable iron, mg

% of total iron

Vitamin C, mg

Calcium, mg

Phosphorus, mg

Thiamin, mg

Water, mL

486.5 + 540.3

3153.4+£1221.6

11.0+£3.3

51+28

448 +15.2

48+12

458 £16.5

85.1+£92.3

389.5+125.7

718.3+178.7

1.1+0.3

1765 £ 633

3382+ 127.7

2837.8 £560.7

10.6+3.4

53+£29

48.6+11.3

3.8 £0.9%

38.0 £9.5%

66.8 + 58.7

372.3+109.9

655.7 +121.8%

1.0+0.22

1713 £543

186.4 £152.531b1

1905.4 + 568.83101

6.8 & 3.73101

3.8 & 3.43%01

509+134

2.4 + ().9a1b1

37.9+11.7%

46.1 £ 43,1311

213.7 + 70.481b1

390.6 + 97.53101

0.6 + 0.2 3101

1756 =553

343.9 + 124.9%

2735.0 £ 675.7%

10.3 £2.2¢

5.1+1.8%

49.0+10.1

3.7 £ 1.0

37.2+£9.6%

73.7 £59.9

354.7£92.7%

643.3 +107.5%

1.0 +0.2¢

1733 £ 563

Significant difference from week 0 2'p<0.0001, ?p<0.0005, *p<0.001, *p<0.005, *p<0.01, *p<0.05

Significant difference from week 4 ®'p<0.0001
Significant difference from week 8 ¢'p<0.0001



Table 4.8 Daily nutrients intake compare with % Thai RDI throughout the study

Week 0 Week 4 Week 8 Week 12
Nutrients
Intake/day % RDI Intake/day % RDI Intake/day % RDI Intake/day % RDI
Cholesterol, mg 287.5+114.5 95.8+38.2 267.1 £ 68.1 89.0 £22.7 159.3 £56.0 53.1+18.7 2588+59.4 86.3+19.3
Fiber, g 9.1+4.7 36.4+18.7 73+2.8 292+11.3 86+2.5 343 +10.1 72+25 28.9+10.0
Vitamin A, RE 486.5 +540.3 60.8 £ 67.5 338.2+127.7 42.3+16.0 186.4+152.5 233+19.1 3439+1249 43.0+15.6
Iron, mg 11.0£3.3 73.4 £21.8 106 +3.4 70.4+£22.6 6.8+3.7 45.4+24.5 103+2.2 68.7+15.0
Sodium, mg 3153.4£1221.6 131.3+509  2837.8+560.7 118.2+£23.4 19054 +568.8 79.4+£553.0 2735.0£675.7 113.9+28.2
Vitamin C, mg 85.1+92.3 141.8 +£153.8 66.8+58.7 111.3+£97.8 46.1 £43.1 76.9 £71.8 73.7£59.9 122.8+99.9
Calcium, mg 389.5+£125.7 48.7+48.7 3723+109.9 46.5+13.7 213.7+704 26.7+8.8 35479277 443+11.6
Phosphorus, mg 718.3+178.7 89.8+22.3 655.7+121.8 82.0+152 390.6+97.5 48.8+122 6433+107.5 804+13.4
Thiamin, mg 1.1+£0.3 73.1+21.1 1.0+0.2 63.8+11.4 0.6+02 375+108 1.0+02 644+163

SuodueyouenN ueMeIN(
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Subjects consumed MJ and GB during at weeks 5 - 8. Subjects rated the
acceptability of MJ consumption as taste, texture, flavor, and satiety scale in good
score. Their acceptability of GB consumption as taste, flavor, and satiety scale were in
good score, however the texture of GB was in average score because this biscuit had

hard texture. No adverse effects were reported during this study (Table 4.9).

Table 4.9 Acceptability assessments from MJ and GB consumptions in 42 obese

female subjects during weeks 5-8

Acceptability rating

Taste

MJ Good

GB Good
Texture

MJ Good

GB Average
Flavor

MJ Good

GB Good
Satiety scale

Lunch (MJ+GB) Good

Dinner (MJ) Good

Rating: Excellence = 5 Good =4 Average =3 less=2 No =0
MJ: mangosteen juice concentrate mixed with garcinia, GB: garcinia biscuit barbecue flavor

No adverse effects
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4.3 Efficacy of MJ consumption on nutritional status

Table 4.10 shows mean of BP throughout the study. After consuming MJ
at week 8, their SBP and DBP were significantly decreased from week 4.

Table 4.11 shows mean £+ SD of body composition throughout the study.
The study found after subjects received dietary advice at week 4, their body weight
and %body fat had significant decrease from baseline, whereas there was significantly
increased of %TBW. At week 8 after consuming MJ, their body weight, %body fat,
FFM, and muscle mass were significantly lower than those at baseline and week 4.
Percentage of TBW was significantly higher than that at week 0. At the end of study
no significant differences of all body composition parameter from week 8 were
observed. However, their body weight and body fat were significantly decreased from
week 0 and week 4.

Table 4.12 shows weight, body fat, and muscle mass reduction during the
study. After first 4 weeks of dietary advice (week 4 - 0), their weight, %body fat, and
body fat reduced from week 0, -0.9 kg, -0.7%bw, and -0.8 kg respectively. Next 4
weeks of MJ consumption (week 8 - 4), their weight, %body fat, and body fat were
greater than the reduction during first 4 weeks of dietary advice, -1.9 kg, - 0.8 %bw,
and -1.3 kg, respectively. There also was some loss of muscle mass 0.5 kg (week 8 -
4). There was the minor reduction of the aforesaid body composition parameters at the
last 4 weeks of dietary advice (week 12 - 8).

We found 15 subjects who had continuous body weight and body fat
reductions throughout the study. After receiving dietary advice (week 4 - 0), their
weight, %body fat, and body fat decreased from baseline, -1.5 kg, -0.9 %bw, and -1.4
kg respectively. At week 8 - 4 after consuming MJ for weight loss, their body weight,
%body fat, and body fat were greater than the reduction during first 4 weeks of dietary
advice, -2.3 kg, -1.3 %bw, and -1.9 kg respectively. At week 12 — 8 subjects also
received the same advice as week 4 - 0, our subjects had continuous weight, %body
fat, and body fats were lesser than the reduction from week 8. The end of study, their
net of weight, % body fat, and body fat reduced from baseline , -5.1 kg, -2.9 %bw, and
-4.3 kg respectively as shown in Table 4.13.

We found only 10 subjects (23.8 % of total subjects) were not control diet
for weight loss after first 4 weeks of dietary advice (week 4 - 0). Next 4 weeks after



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 35

consuming MJ (week 8 - 4), their body weight, %body fat, and body fat decreased
from week 4, - 2.1 kg, -0.4 %bw, and -1.2 kg respectively. Last 4 weeks after stopping
MJ consumption, subjects received dietary advice for weight loss, their body weight,
% body fat were not change whereas body weight and body fat increased from week 8
(week 12 - 8) (Table 4.14).

Table 4.15 shows mean + SD of segmental body composition: arm, leg
and trunk throughout the study. At week 4 the study found each segmental % fat of
both arms, both legs, and trunk were significant reduced from baseline. After 4 weeks
of MJ consumption and the last 4 weeks of diet control their all segmental fats were
significantly decreased from baseline and week 4. However, there were no significant
differences between week 8 and week 12.

Table 4.16 shows segmental fat reduction during the study. After first 4
weeks of dietary advice (week 4 - 0), the highest of segmental fat reduction was trunk
fat. Next 4 weeks of MJ consumption (week 8 - 4), there was the highest reduction of
all segmental fats when compared with the other periods of study. At the end of study
(week 12 - 0), the highest of segmental fat reduction was right arm fat, -4.9% of
baseline.

Table 4.17 shows 3 WC sites throughout the study. The study found that
only UWC at week 4 was significantly lower than that at baseline. At week 8 after
consuming MJ, the 3 WC sites were statistically significant decreased from baseline
and week 4 as AUWC, UWC, and BUWC. Last 4 weeks after stopping MJ, our
subjects also received the same advice as week 4, the 3 WC sites were significantly
lower than those at the other periods of study. At the end of study, we found the
greatest reduction of WC was at UWC (-4.9 cm).
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Table 4.10 Mean (+ SD) of BP parameters in 42 obese female subjects throughout the

study

BP Week 0 Week 4 Week 8 Week 12
SBP, mmHg 120+ 15 122 + 14 117 £ 1198 117 + 13b°
(88 - 150) (97 - 165) (90 - 151) (80 - 148)

DBP, mmHg 78 £ 11 79+ 12 75 + 106 76 +£ 10
(57 -101) (56 -79) (55-175) (51-107)

PR, times/min 76 £2 76 £ 1 79 £2 75+ 1
(57 - 101) (60 - 101) (58 -109) (51 -100)

Significant difference from week 4 *p<0.05
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Table 4.11 Mean (£SD) of body composition parameters in 42 obese female subjects

throughout the study

Parameters Week 0 Week 4 Week 8 Week 12
Body weight, kg 71.1+£10.7  70.2+10.3% 683 +10.13101  68.2+10.03101
(50.4-102.4) (49.4-101.4) (48.0-100.5) (47.8-101.1)
BMI, kg/m? 28.6+£4.3 283+423 275+4.13M1 275+ 413101
(23.0-41.8) (229-409) (22.2-39.0) (22.1-38.8)
Body fat, %bw 412+55 40.6 £5.580  39.8+£5.4301 39 6 +5431b1
(32.8-55.8) (32.5-56.0) (32.7-54.1) (32.5-53.9)
Body fat, kg 29.8£8.6 28.9+£8331  27.6+£7.931 274+ 7831kt
(17.7-54.6) (17.0-534) (17.0-52.6) (16.1 —52.6)
FFM, kg 413+3.5 413+3.5 40.7 +£3.6311  40.8 + 3,53102
(32.7-48.0) (324-48.6) (31.9-479) (31.9-48.2)
Muscle mass, kg 389+3.2 389+3.2 38.4+£3.33101 38 4+ 323102
(31.0-45.0) (30.8—45.6) (30.3-449) (30.4-45.2)
TBW, kg 30.7+3.2 30.7+3.2  29.9+3.33b2 30 + 323103
(23.5-384) (233-384) (22.8-38.4) (22.9-38.3)
TBW,%bw 435+32 44.0 £3.2% 44.1 £ 3.0% 443 £2.9%
(354-48.8) (352-49.8) (36.7-50.2) (36.9-50.1)
Bone mass, kg 242+0.3 242+0.3 2.37+0.3% 2.38+0.3
(1.7-3.0) (1.6 -3.0) (1.6 -3.0) (1.5-3.0)

Significant difference from week 0 #'p<0.0001, *3p<0.001, **p<0.01, *p<0.05
Significant difference from week 4 ®'p<0.0001, ¥2p<0.0005, *3p<0.001
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Table 4.12 Weight, body fat, and muscle mass reduction during the study

Parameter Week 4 -0 Week 8 - 4 Week 12 -8
Weight , kg
weight loss, kg 09+1.4 -1.9+ 1.3 -0.1 £ 1.2

Body fat, %bw

body fat loss, %bw -0.7+0.7 -0.8+0.9 -0.2 +0.6K12
Body fat, kg
body fat loss, kg -0.8+1.1 -1.3+1.1% 0.2 +0.9%5

Muscle mass, kg

muscle loss, kg 0.0£0.5 -0.5+£0.61 0.0 £0.5%

Significant difference from week 4 - 0 ¥?p<0.0005, **p<0.001, *p<0.005, *p<0.01
Significant difference from week 8 - 4 'p<0.0001, ?p<0.0005, ¥p<0.01
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Table 4.13 Continuous body weight and body fat reductions in 15 obese female
subjects during the study

Mean + SD (range)
Reduction
Week 4 -0 Week 8 - 4 Week 12-8 Week 12-0
Weight, kg -1.5+1.6 23+1.3 -1.3+0.9 -5.1+2.9
Body fat, %bw -09+0.7 -1.3+0.8 -0.7+0.6 29+1.6
Body fat, kg -14+14 -19+1.1 -1.0+0.7 -43+2.7

Week 4, Week 12: Diet control ~ Week 8: Diet control + MJ consumption

Table 4.14 Uncontinuous of weight and body fat reduction in 10 obese female

subjects during the study

Mean + SD (range)

Reduction
Week 4 -0 Week 8 - 4 Week 12 - 8 Week 12 -0
Weight, kg +0.5+0.5 2.1+1.0 +0.5+ 1.1 -1.1+1.7
Body fat, %bw -02+0.9 -04+0.9 0.0+0.6 -06+1.0
Body fat , kg +0.1+0.6 -12+1.2 +0.2+0.7 -09+14

Week 4, Week 12: Diet control ~ Week 8: Diet control + MJ consumption



Table 4.15 Mean (+ SD) of segmental composition parameters in 42 obese female subjects throughout the study

Parameter Week 0 Week 4 Week 8 Week 12
Left arm
fat, % 39.8+£6.0 (29.4-55.9) 39.2+£6.0% (29.7 -55.2) 38.1 £6.0%%1 (29.4 —53.4) 38.0 £ 6.02%1 (29.8-53.4)
fat mass, kg 1.36£0.6 (0.7-3.2) 1.34+£05 (0.6-3.1) 1.24+0.521 (0.6 -3.2) 1.23+£0.53 (0.6-3.2)
fat free mass, kg 19603 (1.4-2.7) 1.98+03 (1.4-2.7) 1.91+03%  (1.3-2.8) 1.92 +£0.3%2 (1.3-2.8)
predicted muscle mass, kg 1.84+£0.2 (1.3-2.6) 1.84+03 (1.3-2.6) 1.80 £ 0.3%% (1.3 -2.6)) 1.79 £ 0335 (1.3 -2.6)
Right arm
fat, % 38.7+£6.2 (27.9-554) 38.0+6.23 (28.1 —54.6) 37.0 £ 6.13°1 (27.6 —52.5) 36.8 £6.23101 (28.0 —52.3)
fat mass, kg 1.37+0.6 (0.7-3.2) 1.34+£0.6 (0.6-3.2) 1.24 £0.52%1 (0.6 -3.2) 1.25+0.521 (0.6-3.1)
fat free mass, kg 207+£03 (1.4-2.6) 207+£03  (1.5-2.9) 2.02+£0.3%1 (1.5-2.9) 2.03£0.2%" (1.5-2.8)
predicted muscle mass, kg 1.94+£0.2 (1.4-2.6) 19602 (14-2.7) 1.88+£0.2%01 (1.4-2.7) 1.89 £ 0.2%01 (1.4-2.6)
Left leg
fat, % 40.2+4.0 (349-51.4) 39.9+£4.02 (34.7-50.9) 39.2 +£3.92101 (33,9 —48.9) 39.1+£3.93%1 (33.9 -48.9)
fat mass, kg 5.00£1.4 (3.1-8.9) 496+14 (3.0-8.8) 471+ 1421 (29-8.7) 4.69 + 1321 (2.9-8.9)
fat free mass, kg 726+£09 (55-9.2) 730£09 (54-9.2) 7.15+£1.0 (5.4-9.8) 7.13+£0.9% (5.6-9.3)
predicted muscle mass, kg 6.84+0.8 (52-8.7) 6.87+08 (5.2-8.7) 6.72+0.9 (5.1-9.2) 6.72+0.8"% (5.3-8.7)
Right leg
fat, % 40.4+4.1 (34.6-52.1) 40.0£4.13 (34.4-51.3) 39.3 £4.0201  (33.9-49.5) 39.2 £4.03%1 (33.9 -49.2)
fat mass, kg 5.13+£1.5 (3.2-9.6) 5.04+14% (3.1-9.0) 476+ 1321 (29-9.1) 475+132%1 (2.9-9.1)
fat free mass, kg 7.39+£0.8 (55-9.6) 74009  (54-9.3) 7.19+0.9%20%  (54-9.4) 7.19+£0.8%%2 (5.5-9.3)
predicted muscle mass, kg 6.95+£0.8 (5.2-9.0) 6.96+£08 (51-8.7) 6.77 £ 0.8%%2  (5.1-8.8) 6.78 £ 0.8%45 (5.2 -8.8)
Trunk
fat, % 42.1+6.4 (32.1-59.1) 413+£6.5 (31.8-59.6) 40.5+6.3392 (31.2-57.3) 40.2 £6.33%1 (31.1 —57.0)
fat mass, kg 16.9+4.8 (10.1-30.3) 16.3+£4.62  (9.7-29.6) 15.7£4.4%2 (9.1 -28.8) 15.6 £ 4431 (9.0-29.1)
fat free mass, kg 22.7+19 (18.1-27.7) 22.6+£2.0 (18.1-27.3) 225+19 (17.8-27.2) 225+19 (17.8-27.2)
predicted muscle mass, kg 21.3+1.8 (17.3-25.9) 21.2+18 (17.3-25.6) 21.2+1.7 (16.9-254) 212+1.7 (17.0-24.9)

Significant difference from week 0 *'p<0.0001, *p<0.0005, *p<0.001, *p<0.005, *p<0.01, *p<0.05
Significant difference from week 4 °'p<0.0001, ®*p<0.0005,*p<0.001, *p<0.005, **p<0.01, **p<0.05
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Table 4.16 Segmental fats reduction during the study

Parameter Week 4 -0 Week 8 - 4 Week 12 - 8
Left arm fat loss , % -0.6£0.7 -1.0+0.8% 0.1+ 0.7%"
Right arm fat loss , % -0.6+0.7 -1.1£0.9' -0.1 £ 0.8
Left leg fatloss  , % 04+04 -0.7 £ 0.6 -0.1 £ 0.4
Right leg fat loss , % 0.4+0.5 -0.6+0.6 -0.1 + 0.4
Trunk fatloss , % -0.8+1.0 08+12 -0.2 + .85

Significant difference from week 4 - 0 ¥p<0.001, ¥p<0.01, ¥°p<0.05
Significant difference from week 8 - 4 'p<0.0001, °p<0.01
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Table 4.17 Mean (+ SD) of WC in 42 obese female subjects throughout the study

WC, cm Week 0 Week 4 Week 8 Week 12

AUWC 88.7+£9.7 882492 85949031 847+ 8.9atblc2

(69.5-116.0) (69.0-115.5) (67.0—112.0)  (66.5—112.0)

UwC 942+9.8 93.4+9.13¢ 90.2+8.931 89 3 & 8 631016

(72.0-119.0) (73.0-119.0) (71.1-115.0)  (71.0— 114.5)

BUWC 97.6+8.5 97.7+£82 95.047.9301 933 4 7.9alblcl

(50.4-102.4) (49.4-101.4) (48.0-100.5)  (47.8—101.1)

Significant difference from week 0 2'p<0.0001, 26p<0.05
Significant difference from week 4 *'p<0.0001
Significant difference from week 8 ¢'p<0.0001, ©>p<0.0005, °p<0.05

We followed the nutritional status improvement in nutritional disorder
subjects. The study divided pre-hypertension and hypertension by SBP and DBP as
shown in Table 4.18 — 4.19.

The study found 33.3% of total subject were pre-hypertension at baseline.
At week 4, only 7.1% can reduce BP level improve to normal BP. Next 4 weeks of MJ
consumption, 35.7% of them improved BP to normal level. Half of subjects with pre-
hypertension had normal BP at the end of study. At baseline we found 11.9% of
subjects with hypertension, 60% of hypertensive improved BP after control diet at first
4 weeks: 20% of them had normal BP and 40% of them had pre-hypertension. At
week 8 after MJ consumption, 60% of hypertensive subjects had pre-hypertension.
Only 1 subject had hypertension at the end of study (Table 4.18).
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Table 4.19 we found 23.8% of total subjects with pre-hypertension at
baseline. The end of study, only 20 % of pre-hypertensive subjects had normal BP. At
week 0, their 14.3% of total subjects were within hypertension. At week 12, half of

hypertensive subjects can decrease BP to normal levels.

Table 4.18 SBP status of 19 subjects throughout the study

Week 0 Week 4 Week 8 Week 12
SBP status*

n (%% n (%") n (%") n (%")

Pre-hypertension

Normal (SBP < 120 mmHg) - 1(7.1) 5@35.7)  7(50.0)

Pre-hypertension (SBP 121-139 mmHg) 14 (33.3) 12(85.8) 9(64.3) 7 (50.0)

Hypertension (SBP > 140 mmHg) - 1(7.1) - -
Hypertension

Normal (SBP < 120 mmHg) - 1(20.0) 1(20.0) 1 (20.0)

Pre-hypertension (SBP 121-139 mmHg) - 2 (40.0) 3 (60.0) 3 (60.0)

Hypertension (SBP > 140 mmHg) 511.9) 2 (40.0) 1(20.0) 1 (20.0)

3% of total subject, ®% of SBP status at week 0

* Base on Thai Guidelines on the Treatment of Hypertension 2012
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Table 4.19 DBP status of 16 subjects throughout the study

Week 0 Week 4 Week 8 Week 12
DBP status*

n (%?) n (%") n (%") n (%")

Pre-hypertension

Normal (DBP < 80 mmHg) - 4(40.0)  6(60.0) 2 (20.0)

Pre-hypertension (DBP 81 - 90 mmHg) 10 (23.8) 4(40.0) 2(20.0) 7(70.0)

Hypertension (DBP > 90 mmHg) - 2(20.0) 2(20.0) 1(10.0)
Hypertension

Normal (DBP < 80 mmHg) - - - 3 (50.0)

Pre-hypertension (DBP 81 - 90 mmHg) - 2 (33.3) 6 (100) 2(33.3)

Hypertension (DBP > 90 mmHg) 6 (14.3) 4 (66.7) - 1(16.7)

3% of total subject, ®% of DBP status at week 0

* Base on Thai Guidelines on the Treatment of Hypertension 2012

This study classified over body fat at 3 levels as to describe severity of
subjects. All subjects had over body fat status throughout the study.

Mean of over body fat 3 levels were reduced continuously until the end of
study. Especially at week 8, impact of MJ consumption for body fat 3 levels were
significantly reduced than those at week 4 and week 12. The greatest reduction in

body fat was found in subjects who had over body III as shown in Table 4.20.



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

Table 4.20 Progression of over body fat of 42 subjects classified by body fat during
the study

Mean + SD of body fat, %bw

Total body fat, %ebw*
Week 0 Week 4 Week 8 Week 12

Over body fat I (n=20)
30.1 -40.0 369+1.9 364+1.9% 3572035 355+2035

Over body fat II (n=18)

40.1 - 50.0 43.2+£22 425+2.6% 41.7+2.8%0% 41,6+ 31346
Over body fat I1I (n= 4)

50.1 - 60.0 53.7+2.6 53.1+£25 51626 51.1+£29

Significant difference from week 0 2'p<0.0001, 2p<0.0005, *p<0.005, *3p<0.01
Significant difference from week 4 *p<0.005, >p<0.01, *°p<0.05
*Body fat status was classified by Gallagher et al., 2000

Table 4.21 shows weight status classified by BMI throughout the study.
We found 6 subjects (14.3 % of total subjects) had normal weight throughout the
study. At baseline the study found 36 subjects were overweight. Next 4 weeks after
control diet, only 1 subject can achieved normal weight. After consuming MJ, their 7
subjects can achieved normal weight. At the end of study, we found 8 subjects can

reduce body weight to normal weight.
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Table 4.21 Body weight status of 42 subjects classified by BMI throughout the study

Body weight Week 0 Week 4 Week 8 Week 12
%
status n (%) n (%) n (%) n (%)
Normal weight
6 (14.3) 6 (100) 6 (100) 6 (100)
Overweight
Normal weight - 1(2.8) 7 (19.4) 8(22.2)
Overweight 36 (85.7) 35(97.2) 29 (80.6) 28 (77.8)

3% of total subject, ®% of body weight status at week 0
*BM 1>24.9 kg/m?: overweight

The subjects with normal weight status had continuous reductions of their
body weight but did not reach significance throughout the study. The same evidences
were also observed in 36 overweight subjects, their mean body mass index at week 4,
8, and12 were significantly lower than that at baseline and at week 8 and 12 were
significantly lower than that at week 4 as shown in Table 4.22.

Moreover, we follow body composition changed in each of adulthood. At
the end of study, 15 subjects with early adulthood, their weight and body fat reduced
from baseline -5.2 kg (-5.2% of wk 0) and -2.1 %bw (5.2 % of wk 0) respectively. 26
subjects with middle adulthood, their weight and body fat reduced from baseline -2.4
kg (-3.4% of wk0) and -1.4 %bw (3.4 % of wk0) respectively. Only 1 subject with
lately adulthoods, we found her weight and body fat reduced from baseline -2.4 kg (-
3.1% of wk0) and -1.6 %bw (3.6 % of wkO0) respectively.
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Table 4.22 Progression of body weight status in 42 subjects classified by BMI during
the study

Mean + SD of BMI, kg/m?

Body weight status*
Week 0 Week 4 Week 8 Week 12

Normal weight (n=6) 24.0+0.8 23.7+0.8 232+0.8 23.1+0.8

Overweight (n=36) 204+42 29.1+4.1% 282+3.9301 287 4+ 3 galbl

Significant difference from week 0 at #'p<0.0001, *p<0.005
Significant difference from week 4 at *'p<0.0001
*BMI>24.9 kg/m?: overweight

We found 3 subjects (7.1% of total subjects) had low bone mass status
throughout the study.

Overview of the subjects, their biochemical parameters were within
normal range at baseline. At baseline we found, their total cholesterol was higher than
normal levels however, LDL-C was within normal levels. At week 4 after receiving
dietary advice, their biochemical parameters were not statistically significant
differences from baseline. Next 4 weeks after consuming MJ, the study found HDL-C
had significant increased from baseline and week 4, moreover, serum uric acid was
also significantly decreased from week 4. The end of study at week 12, their
influential parameter as FBG and LDL-C were significant decreased from week 8 and
that parameters were the lowest.

In order to assess safety, we studied the efficacy of MJ on various
biochemical parameters with metabolic, liver, and kidney functions. Throughout the
study liver function and kidney function were within normal levels as shown in Table

4.23.
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Table 4.23 Mean (+ SD) of biochemical parameters in 42 obese female subjects

throughout the study

Parameters Week 0 Week 4 Week 8 Week 12
Hemoglobin, g/dL 12.6 £ 1.0 13.0=+1.0 129+ 1.0 13.1+£0.7%¢
FBG, mg/dL 95+ 14 96 =10 95+ 10 9] + 9ashicl
Total cholesterol, mg/dL.  201.4+31.5  208.1+34.9 217.1+43.5%* 201.4+38.5%
HDL-C, mg/dL 53.5+10.1 545+6.7  59.5+8.7%%2 590+ 8838
LDL-C, mg/dL 124.8+22.8 1322+32.1 133.6+33.6  120.9+30.6"%
Triglyceride, mg/dL 1159+£53.7  107.1+382 1162+51.3  107.1+38.4
Serum uric acid, mg/dL 53+0.2 54402 5.0 + 0.2 5.0 4 0.23602
SGOT, U/L 24.0+7.9 232+6.8  21.9+6.9 23.6+12.4
SGPT, U/L 23.5+8.5 23.2+85 20.0 + 7.0%°  23.5+20.1%
Alkaline phosphatase, u. ~ 56.1 +13.3 61.5£10.5%2 725 +£14.138  73.4 £18.7%
BUN, mg/dL 152+3.3 14.6+2.5 14.6 +2.8 149 +2.7
Creatinine, mg/dL 1.0+0.1 0.9+0.1 1.0 £ 0.2 1.0 £0.2%

Significant difference from wk 0 2!p<0.0001, 2p<0.0005, 2*p<0.001, *p<0.005, **p<0.01, 26p<0.05
Significant difference from wk 4 °'p<0.0001, ?p<0.0005, >*p<0.001, *p<0.005, *>p<0.01, **p<0.05

Significant difference from wk 8 °'p<0.0001, 2p<0.0005
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The study found 9 subjects (21.4% of total subjects) were anemia at
baseline. The end of study, only 6 of 9 subjects with anemia had normal level of
hemoglobin. We observed 4 of our subjects had hyperuricemia and 3 of them had
normal serum uric acid at the end of study (Table 4.24).

At baseline and week 8 after consuming MJ, we found 6 subjects were
IFG. At the end of study 2 of them had normal level of FBG. We found 2 subjects with
DM at baseline. All subjects with DM can reduce FBG from baseline (Table 4.25).
Throughout the study FBG of diabetic subjects reduced continuously until the end of
study, mean of FBG at week 0, week 4, week 8, and week 12 were 144.0 mg/dL, 117.0
mg/dL, 109.0 mg/dL, and 108.5 mg/dL respectively.

Table 4.26 shows 5 subjects with borderline high triglyceride at baseline.
At the end of study 4 of them had normal level of serum triglyceride, and one subject
was in borderline high triglyceride. Table 4.26 shows 3 subjects with high
triglyceride. After consuming MJ 4 weeks, one of them had normal triglyceride level,
one of them had borderline triglyceride, and the rest was in high triglyceride. At the
end of study no subjects had high triglyceride level.

Table 4.27 shows 12 subjects with borderline high LDL-C at baseline.
After consuming MJ for 4 weeks, 5 of them had normal serum LDL-C and at the end
of study, 9 of them had normal serum LDL-C. Four subjects had high LDL-C at
baseline. After consuming MJ for 4 weeks, 2 of them had improved their serum LDL-
C, one subject was in normal LDL-C level and one subject was in borderline high
LDL-C. At the end of study, 2 of high LDL-C subjects had normal level of LDL-C.

All subjects had HDL-C status were within normal level (>40 mg/dL)
throughout the study.

Tables 4.28 — 4.31 shows pearson’s correlation coefficient among various
nutritional parameters.

Tables 4.32 — 4.33 shows body composition, BP status, and biochemical
parameters of 42 subjects during the study. We found after our subjects entered in
study, their body composition, BP status, and biochemical parameters can improve

from baseline.
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Table 4.24 Anemia and hyperuricemia subjects throughout the study

Week 0 Week 4

Week 8 Week 12

Anemia and hyperuricemia
n (%% n (%)

n (O/Ob) n (O/Ob)

Anemia 9 (21.4) 2(22.2)
( hemoglobin <12 g/dL )
Hyperuricemia 4 (9.5 1 (25)

(Serum uric acid >7 mg/dL)

4(444)  3(33.3)

1(25) 1(25)

a0, of total subject, ®% of anemia or hyperuricemia at week 0
* Base on World Health Organization 2011

* Base on Thai Rheumatism Association 2009
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Table 4.25 FBG status of 8 subjects throughout the study

Week 0 Week 4 Week 8 Week 12

FBG, mg/dL*
n (%?) n (%P) n (%P) n (%P)
IFG
Normal - 1(16.6) - 2 (33.3)
(FBG <100 mg/dL )
IFG 6 (14.3) 5(83.4) 6 (100) 4 (66.7)
(FBG 101-125 mg/dL)
DM - - - -
(FBG>126 mg/dL)
DM
Normal - - - -
(FBG < 100 mg/dL)
IFG - 2 (100) 2(100)  2(100)
(FBG 101-125 mg/dL)
DM 2 (4.8) - - -
(FBG >126 mg/dL)

a0, of total subject, ®% of FBG at week 0
* Base on Thai Clinical Practice Guideline for Diabetes 2014
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Table 4.26 Triglyceride status of 8 subjects throughout the study
Week 0 Week 4 Week 8 Week 12
Triglyceride, mg/dL*
n (%% n (%") n (%") n (%")
Borderline high triglyceride
Normal - 4 (80) 3(60) 4 (80)
(Triglyceride < 150 mg/dL )
Borderline high triglyceride 511.9) 1 (20) - 1 (20)
(Triglyceride 150 - 199 mg/dL)
High triglyceride - - 2(40) -
(Triglyceride 200 - 499 mg/dL)
High triglyceride
Normal - 1(33.3) 1(33.3) 1(33.3)
(Triglyceride < 150 mg/dL)
Borderline high triglyceride - 1 (33.3) 1(33.3) 2 (66.7)
(Triglyceride 150 - 199 mg/dL)
High triglyceride 3(7.1) 1(33.3) 1(33.3) -

(Triglyceride 200 - 499 mg/dL)

2% of total subject, ®% of triglyceride status at week 0
* Base on NCEP III 2002
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Table 4.27 LDL-C status of 16 subjects throughout the study

Week 0 Week 4 Week 8 Week 12
LDL-C, mg/dL*
n (%% n (%") n (%") n (%")
Borderline high LDL-C
Normal - 7 (58.3) 541.7) 9 (75.0)
(LDL-C < 130 mg/dL)
Borderline high LDL-C 12 (28.6) 2 (16.7) 3 (25.0) 1(8.3)
(LDL-C 130 - 159 mg/dL)
High LDL-C - 3 (25.0) 4 (33.3) 2(16.7)
(LDL-C > 160 mg/dL)
High LDL-C
Normal - 1(25.0) 1(25.0) 2(50.0)
(LDL-C < 130 mg/dL)
Borderline high LDL-C - - 1(25.0) -
(LDL-C 130 - 159 mg/dL)
High LDL-C 4 (9.5) 3 (75.0) 2(50.0) 2(50.0)

(LDL-C > 160 mg/dL)

2% of total subject, ®% of LDL-C status at week 0
* Base on NCEP III 2002
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Table 4.28 Pearson’s correlation coefficient %body fat and body weight between

nutritional parameter in 42 obese female subjects

Nutritional Body fat, %bw Body weight, kg
parameter
r p-value r p-value

Weight, kg 0.817 <0.001 - -
Body fat, %bw - - 0.817 <0.001
Body fat, kg 0.945 <0.001 0.954 <0.001
Trunk, % 0.997 <0.001 0.789 <0.001
AUWC, cm 0.904 <0.001 0.835 <0.001
UWC, cm 0.816 <0.001 0.804 <0.001
BUWC, cm 0.844 <0.001 0.808 <0.001
Hemoglobin, g/dL -0.079 NS -0.105 NS
FBG, mg/dL 0.041 NS 0.006 NS
HDL- C, mg/dL -0.118 <0.05 -0.209 <0.01
LDL- C, mg/dL 0.159 <0.05 0.110 NS
Triglyceride, mg/dL 0.196 <0.05 0.048 NS
Uric acid, mg/dL 0.215 <0.005 0.082 NS
SBP (mmHg) 0.127 NS 0.158 <0.05
DBP (mmHg) 0.042 NS 0.090 NS

NS: no significant
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Table 4.29 Pearson’s correlation coefficient between %trunk fat and nutritional

parameters in 42 obese female subjects

Nutritional parameter r p-value
Weight, kg 0.789 <0.001
Body fat, %bw 0.997 <0.001
Body fat, kg 0.929 <0.001
AUWC, cm 0.896 <0.001
UWC, em 0.809 <0.001
BUWC, em 0.839 <0.001
Hemoglobin, g/dL 0.048 NS
FBG, mg/dL -0.081 NS
HDL- C, mg/dL -0.110 NS
LDL- C, mg/dL 0.157 <0.05
Triglyceride, mg/dL 0.212 <0.01
Uric acid, mg/dL 0.288 <0.005
SBP (mmHg) 0.129 NS
DBP (mmHg) 0.049 NS

NS: no significant
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Table 4.30 Pearson’s correlation coefficient between saturated fat intake and

biochemical parameters in 42 obese female

Biochemical parameters r p-value
FBG, mg/dL 0.172 <0.05
HDL-C, mg/dL -0.252 <0.05
LDL - C, mg/dL -0.081 NS
Triglyceride, mg/dL 0.010 NS
Serum uric acid, mg/dL 0.059 NS

NS: no significant

Table 4.31 Pearson’s correlation coefficient between age and body composition

parameters in 42 obese female

Body composition r p-value
Body weight, kg 0.207 NS
Body fat, %bw 0.208 NS
Body fat, kg 0.196 NS
Trunk fat, % 0.190 NS

NS: no significant
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Table 4.32 Body composition and blood pressure status of 42 subjects during the

study
Week 0 Week 12
Parameters
n (%?) n (%%

Over body fat status

Over body fat I (30.1 - 40.0,%bw) 20 (47.6) 25 (59.6)

Over body fat II (40.1 - 50.0,%bw) 18 (42.9) 14 (33.3)

Over body fat III (50.1 - 60.0,%bw) 4 (9.5 3 (7.1
Weight status

Normal weight (BMI < 24.9 kg/m?) 6 (14.3) 14 (33.3)

Overweight (BMI > 24.9 kg/m?) 36 (85.7) 28 (66.7)
SBP status

Normal (SBP < 120 mmHg) 23 (54.8) 27 (64.3)

Pre-hypertension (SBP 121-139 mmHg) 14 (33.3) 14 (33.3)

Hypertension (SBP > 140 mmHg) 5(11.9) 1 (24)
DBP status

Normal (DBP < 80 mmHg) 26 (61.9) 28 (66.7)

Pre-hypertension (DBP 81 - 90 mmHg) 10 (23.8) 12 (28.5)

Hypertension (DBP > 90 mmHg) 6 (14.3) 2 (4.8)
Bone mass status

Low bone mass 3(7.1) 3 (7.1

Normal bone mass 39 (92.9) 39 (92.9)

2% of total subject
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Week 0 Week 12
Parameters
n (%*?) n (%%

Hemoglobin, g/dL

Normal (Hemoglobin > 12 g/dL) 33(78.6) 39(92.9)

Anemia (Hemoglobin < 12 g/dL) 9(21.4) 3(7.1)
FBG, mg/dL

Normal (FBG < 100 mg/dL) 34 (80.9) 35(83.3)

IFG (FBG 101-125 mg/dL) 6 (14.3) 7 (16.7)

DM (FBG > 126 mg/dL) 2 (4.8) -
LDL-C, mg/dL

Normal (LDL-C < 130 mg/dL ) 26 (61.9) 33 (78.6)

Borderline high LDL-C (LDL-C 130 - 159 mg/dL) 12 (28.5) 3 (7.1

High LDL-C (LDL-C > 160 mg/dL) 4 (9.5) 6 (14.3)
Triglyceride, mg/dL

Normal (Triglyceride < 150 mg/dL) 34 (80.9) 35(83.3)

Borderline high triglyceride (Triglyceride 150 - 199 mg/dL) 5(11.9) 7 (16.7)

High triglyceride (Triglyceride 200 - 499 mg/dL) 3 (7.1 -
Serum uric acid, mg/dL

Normal 38(90.5) 41 (97.6)

Hyperuricemia ( Serum uric acid >7 mg/dL) 4 (9.5 1 2.4)

4% of total subject
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CHAPTER V
DISCUSSION

Obesity is generally caused by energy intake over energy expenditure. The
excess energy intake is stored by the body fat. Overweight and obesity are major risk
factors for NCD including diabetes, hypertension, dyslipidemia, cardiovascular
diseases, and cancer. Major problem of obese people are incapable of losing weight
because dietary behavior and lifestyle changes are difficult, their obese people find out
alternative choice as health foods or natural supplement promoted for weight loss in
the expect that these products will help them more easily achieve their weight
reduction. Several studies showed the benefits of Garcinia mangostana or Garcinia
cambogia for weight management and reducing body fat accumulation (4, 5). Thus we
are interested to study the synergy effects of combined Garcinia mangostana and
Garcinia cambogia on weight loss and body fat accumulation.

This study aimed to evaluate efficacy of MJ for weight loss and body fat
reduction in obese females for 12 weeks. The study was divided in to 4 parts for
discussion, health and dietary behavior information, dietary intakes, efficacy of MJ on
nutritional status, and after stopping MJ consumption on nutritional status

respectively.

5.1 Health information and dietary behavior

Over half of our obese subjects were office workers (59.5 %). Only 78.6%
of them did not exercise and inactive physical activity, thus occupational physical
inactivity had been associated with obesity. Choi et al. (57) reported cross-sectional of
sedentary work, low physical job demand, and obesity in US workers aged 32 - 69
years. The sedentary work was workers needing to spend long periods in a seated
position. Physical job was physical effort during work. This study was carried out by

questionnaire. They found low physical activity was risk for total and central obesity
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in male workers and the sedentary works marginally increased the risk for total and
central obesity in female workers, and similar to Hu et al. (58) reported prospective
cohort study of relation among risk of obesity and T2DM with sedentary behavior in
women aged 30 — 55 years in the nurses' health study of US. That study found each 2-
hr/d increment in sitting at work was associated with a 5% increase in obesity and a
7% increase in DM.

Our study found most of subjects had over body fat 30.1 — 50.0 %bw.
NHANES reported obese women aged > 20 years had average of body fat 40 %bw
(59). According to Ho-Pham et al. (60) studied relationship between %body fat and
BMI in the Vietnamese population. Vietnamese people aged > 20 years, women had
average of body fat 34.7%bw.

Subject health information showed that only 23.8% of total subjects knew
that they had underlying diseases including 6 subjects with hypertension and 4
hypercholesterolemia subjects. At baseline the study found 3 subjects with
hypertension, 2 subjects with hyperglycemia, 13 subjects with hypercholesterolemia,
and 8 subjects with hypertriglyceridemia, however all of these subjects did not know
that they had those abnormal nutritional status. Obesity associate with many medical
complications that can reduce a quality of life and in some cases shorten life. Many of
the complications described here or eliminated with weight loss. It is important that
people realize that obesity is a serious risk to long-term health. Early educating in
obese people can reduce risk consequence of obesity and NCD prevention.

Most of our subjects (78.6%) did not exercise, we found 2 major causes of
lack of exercise were busy working, and they did not like to exercise. Grave et al. (61)
reviewed behavioral strategies to increase adherence to exercise in obese. They found
several reasons in obese subjects did not exercise including low motivational status,
self-esteem, negative learning history with exercising, high costs of training programs,
and low social or cultural supports. Grave et al. suggested that behavioral strategies to
increasing the level of exercise were education about the benefit of exercising and the
need to increase the level of physical activity for long-term weight control, turning
everyday activities into exercise (using stairs, walking to work, etc.), planning

enjoyable activities or amusing exercising (e.g., group dancing or walking), increasing
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goals very slowly, and focus is to modify the external environment to make it more
conducive to making choices that support exercising.

Our subjects skipped their breakfast 44.4%, and dinner 44.4%. This
behavior lead to obesity according to Ma et al. (62) studied to evaluate the association
between eating patterns and obesity. Three days dietary record and body weight status
were classified by BMI were collected 1 year period. They reported subjects skip
breakfast had significant higher risk of obesity 4.5 times as subjects consumed
breakfast.

Our 69% of subjects consumed buffet 1-3 times/month. Buffets are
restaurants that allow unlimited amounts of various foods to be eaten at a fixed price.
In particular, as customers are free to help themselves to extra portions, the price
factor is not acting as a brake on excessive intake as it often does at a la carte style
restaurants. Duerksen et al. (63) found family restaurant choices are associated with
child and adult overweight status in Mexican-American families. They reported parent
overweight was associated with eating at American restaurants, primarily buffets
(odds ratio: 2.8; 95% confidence interval: 1.3 to 6.2). Rodrigues et al. (64) studied
relationship between food portion size with overweight or obesity among consumers at
a restaurant serving buffet-by-weight in Brazil. Food portion size was collected by
customer record. They found overweight or obese people were positively associated
with large portion size (PR = 1.16 for a portion size of 463 g or more).

The present study found our subjects had dietary behavior relate to obesity
including sugar drink intake, animal fat or animal skin consumption, and > 50% of
total subjects added sugar or fish sauce in dishes. According to Thailand health report
(11) surveyed dietary behavior in Thai population. Thai people aged > 35 years had
the following favorite diets or dietary behaviors: deep fried foods, food composed of
coconut milk, high energy dense food and high fat foods, added sugar, and added fish
sauce in plate were 96.2%, 91.8%, 85.1%, 86.1%, and 82.5% respectively. Moreover,
they reported Thai females ate high dense fat food, fast food, animal fats, and deep
fried foods 4 times/week.

Interestingly, most of subjects had snack meals during a day and also had
snacks before bed. Their favorite snacks were sweetened beverage and sweeten fruits.

Only 17 subjects had snack meal before bed, their mean body fat was 40.6%bw (32.8
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— 53.1%bw). Mean body fat in subjects had not snack meal before bed was 41.6%bw
(35.1 — 55.8 %bw). %Body fat was not difference in both groups, thus snack meals
consumption did not affect to % body fat in our obese subjects. This evidence is
supported by their total energy intakes at baseline period which is not different.

Department of health (65) reported sugar contains per serving of sugar-
sweetened carbonated soft drink typically, drinking yoghurt, and vegetable or fruit
juice were 30g (6 tsp.), 19¢g (4 tsp.), and 20g (4 tsp.). WHO (66) mention evidence of
nutrition action in reducing consumption of sugar sweetened beverages to reduce the
risk of unhealthy weight gain topic, excess calories contribute to overweight and
obesity as they can be readily converted to body fat and stored within various tissues.

Schulze et al. (67) studied the association between consumption of sugar
sweetened beverages and weight change and risk of T2DM in women. Prospective
cohort analyses conducted from 1991 to 1999, they found weight gain over a 4-year
period was highest among women who increased their sugar sweetened soft drink
consumption from <1 drinks/week to >1 drinks/day (multivariate-adjusted means, 4.69
kg for 1991 to 1995 and 4.20 kg for 1995 to 1999). In our study we found subjects had
soft drink consumption 600 mL (320 kcal)/week.

A systematic reviewed by Malik et al. (68), shows sugar sweetened
beverages associated with weight gain. Several review of sugar sweetened beverages

intakes promoted overweight and obesity in adolescent and adults.

5.2 Dietary intake

The averages of compliance in subjects were 98%. Subjects rated the
acceptability of MJ with GB consumption in good score. MJ with GB is no adverse
effects during this study including various safety parameters related to liver, kidney
functions, serum uric acid, and hemoglobin levels were in normal limits throughout
the study.

Subjects had completely recorded their daily dietary intake and our
subjects had regular physical activity throughout the study. At baseline before study

energy intake was 99.5% of energy requirement (energy intake: 1533 kcal, energy
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requirement: 1540 kcal). Energy intake were 85.9%, 68.9%, and 85.5% of requirement
at first 4 weeks after receiving dietary advice, week 8 of MJ consumption, and last 4
weeks of dietary advice the same as week 4 respectively. At first 4 weeks subjects able
to reduce energy intake 14.1% from energy requirement for weight loss. At week 8
after consuming MJ with GB replace meals (263 kcal/day), subjects had energy intake
decreased from energy requirement 31.1%, 2 times of first 4 weeks reduction. Their
energy intake reduced from baseline 496 kcal result to weight reduction. After
stopping MJ consumption at week 12, subjects still can control their energy intake
which was similar to mean energy intake at week 4.

At week 4 after receiving dietary advice, their energy intake reduced 14.1
% from baseline. Next 4 week of MJ consumption, the MJ would be a good
replacement for a ready-to-eat to keep subjects full for a prolonged period, energy
intake was lower than those at week 0 and week 4. Energy intake reduced 21.3 % from
first 4 weeks, consistent with the study of Westerterp-Plantenga et al. found after
consuming tomato juice mixed with HCA, these 24-hour energy intake reduction of 15
-30% compared with placebo (39). It may be the a-mangostin mechanism according
to Taher et al. studies (28), these reported the a-mangostin could increase gene
expression of leptin hormone in vitro study. Leptin hormone related to satiety index,
hence reducing appetite and improving energy expenditure influence for weight loss.
At week 12 energy intakes increased from week 8, however energy intake was
significantly lower than that at baseline. Thus our subjects received learning process of
control diet for weight management. Energy intake at week 4, week 8, and week 12
reduced from baseline 14.1%, 32.4%, and 16.0% of energy intake at baseline
respectively.

Due to MJ consumption, their energy intake was the lowest (1037 kcal),
26.2 % of total energy was derived from MJ and GB. Their energy distributions of
carbohydrate, protein, and fat were 58.0%, 15.7%, and 26.5% of energy respectively.
During week 5 — 8, subjects consuming MJ was similar to low calorie diet plan or
hypo-caloric for weight loss. These diets plan composed protein (10-20% energy),
carbohydrate (50-65% energy), and fat (25-35% energy) in energy intake of 500—
1000 kcal/d (69).
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According to Hall et al. (70) found the trends in high carbohydrate with
low fat consumption group decreased energy intake and body fat higher than those low
carbohydrate with high fat consumption group (-765 £ 36.6 kcal/day and -0.588 + 0.14
kg) respectively. In our study, at week 4 of diet control their dietary pattern was
normal carbohydrate with high fat consumption had energy intake and body fat
reduction from week 0, -216 + 212 kcal/day and -0.8 + 1.1 kg. Next 4 week of MJ
consumption was high carbohydrate with low fat diet pattern had energy intake and
%pbody fat reduction from week 4, -280 + 176 kcal/day and -1.3 + 1.1 kg.

After MJ consumption , the study found distribution of protein was the
lowest, however energy distribution of protein was not less than Thai RDI (= 10%
total energy) (71). Their fat intake and saturated fat intake were lower than those at
baseline and week 4. At the end of study, fat and saturated fat intakes had higher than
that at week 8, however their fat and saturated fat consumption were not higher than
that at baseline. Subjects performed dietary advice to restrict fat and saturated fat
intakes. Their high fat and saturated fat intake as dense fried foods, animal skin, and
organ meat intakes reduced from baseline.

At baseline before study, we found subjects had daily sugar intake 60.7 g.
During the study, their sugar intakes had 46.4 g, 71.8 g, and 45.0 g at week 4, 8, and
12 respectively. It was noticed that at week 8 sugar intake was highest of study, 44.1g
of sugar intake derived from MJ and GB. Our study did not find the effect of high
sugar intake to weight gain during MJ consumption. This evidence agrees with the
study of Hall et al (70). Throughout the study their sugar intakes were higher than 25
g / day of WHO recommendation (6 tsp.) (72). If our obese subjects had high sugar
intake for long-term, it may increase the risk of many health problems such as DM,
heart disease, or kidney disease. Thus nutritional education of sugar intake in obese
people is important for prevention of diet-related chronic diseases. High sugar intake
is also observed in general Thai population. Between 2001 and 2011, Thai health
promotion foundation (the sustainability of well-being for Thai people) showed that
sugar consumption increased 2.3 times in Thai population, and they found Thai people
consumed sugar 100 g / day (25 tsp.) (73).

At baseline before study, our obese subjects had sodium intake higher than

Thai RDI because of their high sodium intake, including added fish sauce in dishes
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and processed foods. After receiving dietary advice at first 4 weeks, their sodium
intake reduced from baseline. Next 4 weeks of MJ consumption replace 2 meals their
mean sodium intake was the lowest level, 1905 mg/day (79.4 %Thai RDI), during the
study. However, at the last period of study subjects turned to had regular diets alone
for weight reduction their mean sodium intake was significantly higher than that at
week 8 but not higher than that at baseline. During only diet control periods at week 4
and 12, due to subjects reduced foods consumption result in decrease sodium intake
but their mean sodium intake higher than Thai RDI because of obese subjects did not
have the knowledge about high sodium foods such as processed foods and some fruits.
Thus nutrition education of sodium intake in obese people is important because of
high sodium intake is a serious risk to hypertension and cardiovascular diseases.

We found subject had fiber intake 9.1 g/day at baseline which was lower
than Thai RDI (< 25 g/day) (71). Hay Alfieri et al. found the lack of dietary fiber may
be a contributing factor in obesity. In obese female group had fiber intake 12.9 g/day
lower than 18.4 g/day of normal weight female group and their fiber intakes were
lower than the expert committee on dietary fiber recommends that the adult Canadian
population at least double its current intake of dietary fiber to reach a level of between
25 to 35 g/day.

In our study, their fiber intake remained lower than Thai RDI as especially
only diet control periods, fiber intake was reduced from restrict foods consumption for
weight loss. At week 8 after consuming MJ, mean fiber intake had significant higher
than those at week 4 and week 12 of dietary advice for weight loss, 3.7g of fiber intake
derived from MJ and GB increasing volume of total fiber intake during study. We
suggested understanding of high dense energy restriction in obese people had not
decreased fiber intake for weight loss. Obese subjects should increase fiber intake
from vegetable growing above ground. Dietary fiber intakes have effect on satiety as
slow gastric emptying reach weight reduction.

Throughout the study our subjects had water intake ranged 1,713 — 1,765
mL/day. Their water intake was less than water intake recommendation in woman
2,700 mL/day (74). Dennis et al. (75) studied hypocaloric diet with increasing water
intake 500 mL comparison with hypocaloric diet alone for weight loss in adults.

Weight loss and energy intake reduction were greater in the water group than in the
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non-water group. Drinking water before meals could reduce appetite. Muckelbauer et
al. (76) reviewed evidence on the association between water consumption and body
weight outcomes. In participants dieting for weight loss or maintenance, various study
design showed that increased water consumption, in addition to a program for weight
loss or maintenance, reduced body weight after 3—12 mo compared with such a
program alone. Thus we should recommend obese people had fresh water intake not

less than 2,000 mL/day.

5.3 Efficacy of MJ consumption on nutritional status

5.3.1 Body composition

After first 4 week of dietary advice, mean energy intake decreased 216
kcal/day from baseline resulted in body weight reduction 0.9 kg, %body fat reduction
0.7 %bw, and body fat reduction 0.8 kg. After consuming MJ, mean energy intake
decreased 280 kcal/day from week 4 resulted in continuous body weight reduction 1.9
kg, %body fat reduction 0.8%bw, and body fat reduction 1.3 kg.

According to Wishnofsky’s rule, was reasoned that low calorie dieting the
main body weight loss derives from adipose tissue. The restriction of 500 kcal a day
rule will be made up chiefly by the catabolism of body fat rounded to 3500 kcal/lb or
7700 kcal/kg (77).

In our study at first 4 week, their energy intake decreased 216 kcal/day
(216 kcal x 28 days = 6104 kcal) resulted in body weight reduction 0.9 kg and body fat
reduction 0.8 kg close to weight and body fat reduction 0.8 kg predicted by the 7700
kcal/kg rule. Next 4 week of MJ consumption, their energy intake decreased 280
kcal/day (280 kcal x 28 days = 7840 kcal) resulted in body weight reduction 1.9 kg
and body fat reduction 1.3 kg greater than weight and body fat reduction 1 kg
predicted by the 7700 kcal/kg rule. Interestingly, during MJ consumption weight and
body fat reduction were greater than Wishnofsky’s rule. We assumed impact of MJ
effect on weight and body fat reduction. Quan et al. (30) studied in vitro found that a-
mangostin could inhibit fatty acid synthesis in 3T-3L1 preadipocyte cell and

suppression decreases fat accumulation and stimulates lipolysis in mature adipocytes.
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Effects of Garcinia via regulation of serotonin level and glucose uptake. Besides, it
also helps to enhance fat oxidation while reducing de novo lipogenesis (5).

During MJ, their % body fat and fat mass were greater than the reduction
during first 4 weeks of dietary advice. There was the highest reduction of all
segmental fats when compared with the other periods of study. The 3 WC sites were
statistically significant decreased from baseline and week 4 as AUWC (-2.3 cm),
UWC (-3.2 cm), and BUWC (-2.7 cm). Researchers of operation BIM of the Thai
mangosteen research and development centre studied effect of mangosteen
concentrate, 80% in obese subjects for reducing excess body fat. Obese subjects drank
mangosteen juice concentrate 1 bottle (300 mL) before meal per day for 4 weeks, both
mean body weight and mean UWC decreased from baseline as 1.41 kg and 5.55 cm,
respectively (34). Stern et al. (31) studied the efficacy of 7-hydroxyfrullanolide, the
phytochemical in Sphaeranthus indicus and a-mangostin, the phytochemical in
Garcinia mangostana on weight loss. Obese subjects received 2 capsules of herbal
extract per day, each capsule is 400 mg consisting of 300 mg from the flower of
Sphaeranthus indicus and 100 mg from the pericarp of mangosteen. After 4 weeks of
the experiment the herbal blend group had significant weight loss of 3.1 kg and WC
reduction of 7.7 cm in comparison with the placebo group. Kudiganti et al. (32), found
statistically significant reductions in body weight 1.53 + 0.20 kg and WC 3.38 + 0.37
cm were observed in the Meratrim™ (Sphaeranthus indicus and o-mangostin) versus
the placebo group. Roongpisuthipong et al. (41) studied effects of water soluble
calcium hydroxycitrate in Garcinia atroviridis for reducing body weight and body fat
in obese subjects. After supplement in garcinia group significantly reduced body
weight 2.3 = 0.1 kg and 2.8 + 0.1 kg at weeks 4 and 8, respectively. At week 8
garcinia group was significantly decreased body fat from baseline 4.9 % of body
weight and had significant increased lean mass 1.3 kg.

Our subjects had most of fat mass in the trunk (abdominal). Although the
highest of segmental fat reduction was trunk fat at week 4, but that only UWC was
significantly lowers than that at baseline. However, our study found positive
correlation between trunk fat and 3 WC sites (AUWC, UWC, and BUWC: r= 896,
r=809, and r=839 p<0.001). Thus trunk fat reduction associated WC reduction.



Jutawan Nuanchankong Discussion / 68

According to Wang et al. (19) confirmed UWC associated with visceral fat and
BUWC related with total body fat.

At week 8 there also was some loss of muscle mass 0.5 kg (26.3 % of
weight loss). Muscle mass reduction was responded by hypo-caloric diet for weight
loss. Heymsfield et al. (77) summarized a widely cited rule guiding expected weight
loss of lean tissue that approximately 25% of weight loss will be lean mass. Mark et al.
(78) explained FFM influences several physiological functions, it may be that a
minimal loss of FFM from the obese state is not only unavoidable, but actually
desirable if the loss is in the form of less essential FFM as muscle mass. They
suggested that FFM loss should compose no more than 30% of total weight loss.
Dixon et al. (79) estimated FFM loss that may be expected during weight loss. They
summarized 25% of FFM loss rule is inappropriate and guiding, 35-40% and 30-35%
are the expected FFM to total weight loss ratios for men and women obese. Thus, our
study was acceptability to 26.3 % of A muscle mass/A weight after consuming MJ.

Only 15 subjects who had continuous weight, %body fat, and body fat
mass reductions throughout the study. We found 12 of 15 subjects had over 95%
compliance. Subject had good intention and discipline for participant throughout the
study. After MJ consumption, their body weight, %body fat and body fat mass were
greater than the reduction during first 4 week of dietary advice, and the impact of MJ
on body weight reductions were greater 1.5 times of week 4. Their reductions of
energy intake below energy requirement were 486 kcal/day and water intake
approximately 2000 mL/day. There was the minor reduction of the aforesaid body
composition parameters at the last 4 week of dietary advice.

We found only 10 subjects (23.8 % of total subjects) did not control diet
for weight loss after first 4 weeks. Before study we found behavior of them, no
exercise and snacks consumption during a day as sugar sweetened drinks. Their BMI
and %body fat in 10 subjects were 28.5 kg/m? and 40.8%bw respectively. Subjects had
excess body fat. At week 4, their sugar and saturated fat intake also were higher than
Thai RDI. Next 4 week after consuming MJ, their weight, %body fat, and body fat
reduced from first 4 weeks. After quitting from MJ consumption, there was no more

reduction of the aforesaid body composition parameters at the last 4 week of dietary
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advice. Thus, this study confirmed efficacy of MJ on weight and body fat reductions in
uncontrolled diet persons.

Although the study found weight and body fat reduction depend on age.
Young age group had high potential difference change on body composition more than
elder age. Thomas et al. (80) found effect of age on fat oxidation was significant lower
22% than younger. However our 1 subject of lately adulthood can reduce her body
weight and body fat like the younger age group. Our study did not find relationship
between age and body composition parameters.

Only 3 subjects had low bone mass, their aged in 50 — 60 years. Calcium
intake and phosphorus intake were lower than Thai RDI. The physiology of bone loss
in aging women and men is largely explained by the effects sex hormone deficiency.
As especially in women, estrogen hormone reduction is the main cause of early rapid
postmenopausal bone loss, whereas hyperparathyroidism and vitamin D deficiency are

thought to explain age-related bone loss in older adults (81).

5.3.2 Blood pressure status

After receiving MJ, mean BP was significantly lower than baseline and
first 4 weeks of dietary control. This evidence was supported by their sodium intake
reduce 1,248 mg/day and 933 mg/day from baseline and week 4 respectively. Law et
al. (82) reviewed trials of salt reduction on BP, they summarized in people aged 50-59
years a reduction in daily sodium intake of 1150 mg after 5 week or longer weeks was
lower 5 mmHg in SBP, and 7 mmHg in DBP.

Our study found relationship between weight and SBP (r = 0.158, p <
0.05). Influence of weight reduction affect to low BP refer to Judith et al. (83)
reviewed meta-analysis several RCT, these reveal BP decreased 1 mmHg for each
kilogram of weight loss. Wang et al. (84) found xanthones was antihypertensive
reagent to low high BP in rat. Xanthones were an inhibitory effect on angiotensin-I-
converting-enzyme, calcium channel and an independent of parasympathetic blocking

effects with vasodilating properties.
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5.3.3 Biochemical parameters

Overview of the subjects, their all blood biochemistry were within normal
range. We followed the nutritional status improvement in nutritional disorder subjects.

MJ did not increase blood sugar in diabetic subjects, and can improve
blood sugar level in 2 IFG subjects changed to normal blood sugar level. However,
there are several factors affecting the blood glucose level.

Interestingly, we found mean saturated fat intake was significantly reduced
from week 4 and saturated fat intake was positive association with FBG level (r =
0.172, p < 0.05). Consistent, Uusitupa et al. (85) reported comparison of the effect of
low and high saturated fat diets on glucose metabolism in normal female subjects.
After consumption of the high saturated fat diets, in response to a standard glucose
tolerance test, blood glucose reducing was slower than after the subjects consumed the
low saturated fat diet and Lichtenstein et al. (86) reviewed high-fat diets, independent
of fatty acid profile had been insulin insensitivity.

At baseline the study found 8 subjects with hypertriglyceridemia including
borderline high triglyceride and high triglyceride, their mean body fat 41.1%bw were
excess body fat in these subjects. We found % body fat and trunk fat had significant
positive correlation with triglyceride (r=0.196, p < 0.05 and r=0.212, p < 0.01).

Most of them had high fat intake, dessert and sweeten fruit. After weight
reduction of receiving dietary advice at week 4, 8 subjects with hypertriglyceridemia
can reduce triglyceride levels, their improved quality of foods consumption as avoid 3
in 1 coffee and sweeten fruits as durian and ripe mango consumptions. Next 4 week of
MIJ consumption at week 8, 2 subjects with hypertriglyceridemia can reduce
triglyceride levels. But their mean triglyceride levels in 42 subjects were not
difference from baseline and week 4. Triglyceride levels decreased at over 8 weeks
after consuming magosteen or garcinia supplement this evidence was supported by
pervious study of Stern et al. (31) studied the efficacy of herbal extract (Sphaeranthus
indicus and mangosteen ) for weight loss. After 8 weeks of the experiment the herbal
blend group had significant decreased triglyceride 41.6% of baseline.
Roongpisuthipong et al. (41) studied effects of water soluble calcium hydroxycitrate in
Garcinia atroviridis for reducing body weight and body fat in obese subjects. After 8

weeks the result showed serum triglyceride reduced from baseline 5.5 mg/dL.
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At baseline the study found 16 subjects had hypercholesterolemia
including borderline high LDL-C and high LDL-C. After first 4 weeks of receiving
dietary advice, 8 subjects with hypercholesterolemia can reduce LDL-C from baseline.
We found their organ meat consumption was lower than baseline. Next 4 week after
consuming MJ, 9 subjects with hypercholesterolemia can reduce LDL-C from week 4,
their mean fat and saturated fat intake decreased 33.8% and 28.9% of week 4.

At week 8 after consuming MJ, their HDL-C had significant increased
from week 4 9.2%. In experimental study extract of mangosteen increased HDL-C

levels in rats (87).

5.4 After stopping of MJ consumption on nutritional parameters

5.4.1 Body composition

At week 12 after stopping of MJ consumption, all body composition
parameters were not statistically significant differences from week 8 although energy
intake increased 251 kcal/day from week 8. However, their body weight and body fat
were significantly decreased from week 0 and week 4. Subjects can control diet for
weight reduction and no weight cycling after stopping MJ consumption (YO YO-
effect). The end of study, our subjects received learning process of control diet for
weight management. Their mean sugar intake and saturated fat intake were lower than

those at baseline and week 4.

5.4.2 Biochemical parameters

At week 12 subjects turned to receive dietary advice, 2 subjects with IFG
can reduce FBG to normal levels and 4 subjects of them also reduce FBG although it
did not improve to normal levels. Only 2 subjects with DM remained the same levels
as week 8. Finally our study found all subjects with hyperglycemia can control dietary
for weight loss and it result in FBG improvement.

At the end of study after receiving dietary advice for weight loss, 5 of 8
subjects with hypertriglyceridemia improved triglyceride levels to normal level,

although fat and saturated fat intake had higher than week 8 of consuming MJ but it
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did not effect to increase triglyceride level. Only 3 of 8 subjects with
hypertriglyceridemia can not reduce triglyceride levels because their fat intake
increased 50% of week 8.

The last 4 weeks, 11 of 16 subjects with hypercholesterolemia improved
LDL-C levels to normal level, 3 subjects of them can reduced LDL-C levels from
week 8 although it did not improve to normal levels. Only 2 subjects of them increased
LDL-C from week 8 because their saturated fat intake increased 44% of week 8.

Wing et al. (88) studied longitudinal study 1 year of weight loss in
improving cardiovascular risk factors. Subjects who lost 5 - 10% of their body weight
had increased odds of achieving a 0.5%point reduction in HbAlc (odds ratio 3.52
[95%CI 2.81-4.40]), a 5-mmHg decrease in DBP (1.48 [1.20-1.82]), a 5-mmHg
decrease in SBP (1.56 [1.27-1.91]), a Smg/dL increase in HDL-C (1.69 [1.37-2.07]),
and a 40mg/dL decrease in triglyceride (2.20 [1.71-2.83]).
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CHAPTER VI
CONCLUSION

Major problem of obese people are incapable of losing weight because
dietary behavior and lifestyle changes are difficult, their obese people find out
alternative choice as health foods or natural supplement promoted for weight loss with
the expectation to see these products will help them more easily achieve their weight
reduction. Several studies showed the benefits of Garcinia mangostana or Garcinia
cambogia for weight management and reducing body fat accumulation (4, 5). Thus we
are interested to study the synergy effects of combined Garcinia mangostana and
Garcinia cambogia on weight loss and body fat accumulation.

This study aimed to evaluate efficacy of MJ for weight loss and body fat

reduction in 42 obese females.

6.1 Efficacy of MJ consumption on nutritional status

MJ has the better effects on weight loss and body fat reduction than only
diet control period and it has the efficacy to reduced segmental fat, and 3 waist
circumference sites without any adverse effect. In our study at first 4 week of dietary
advice, our obese subjects reduced body weight and body fat 0.9 kg and 0.8 kg close
to weight and body fat reduction predicted by the 7700 kcal/kg rule (Wishnofsky’s
rule). Next 4 weeks of MJ consumption, their continuous body weight and body fat
reduction were 1.9 kg, and 1.3 kg from week 4 of diet control alone. Interestingly,
during MJ consumption weight and body fat reduction were greater than Wishnofsky’s
rule, it may be due to the synergy effects of combined Garcinia mangostana and
Garcinia cambogia can reduce weight and body fat accumulation in obese people.

The end of study, body weight and body fat were not statistically

significant decreased from week 8 however, there were the minor reduction of weight,
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%body fat, and body fat from week 8. Although stopping MJ consumption, subjects
can control diet for weight reduction and no weight cycling (YO YO-effect).

This study found 10 subjects (23.8 % of total subjects) did not control diet
for weight loss after first 4 weeks. After consuming MJ, weight, %body fat, and body
fat of them reduced from first 4 weeks. We confirmed efficacy of MJ on weight and
body fat reductions in uncontrolled-diet persons. Moreover subjects who had
continuous weight, %body fat, and body fat mass reductions throughout the study, we
found during week 5 — 8 after consuming MJ, their body weight, %body fat and body
fat mass were greater than the reduction when compared with the other periods of
dietary advice.

Influence of weight reduction affected biochemical parameters
improvement. At the end of study, we found FBG status, LDL-C status, and
triglyceride status were within normal level as 83.3%, 78.6%, and 83.3%, of total
subjects respectively. Moreover the study found significant increased in HDL-C at
week 8.

Our findings indicate that MJ has the effects on weight and fat reduction
especially trunk fat and 3 WC sites in obese.

6.2 Recommendation

This study found dietary behavior in our subjects had high sugar
sweetened drink and high fat consumption including, saturated fat intake, sodium
intake were higher than Thai RDI. Sweet flavor, sugar drinks and high fat foods
consumption induced overweight and obesity. We suggested that subject should
replace low sugar drinks by drinking water, decrease deep fried foods, organ meat, a
animal skin, and animal fat consumptions. Reduction of sugar and fish sauce added in
dishes.

Our subject had fiber and water intakes lower than recommendation. We
suggest increasing fiber intake from fresh vegetable growing above ground and low
glycemic foods consumption such as brown rice, whole wheat bread, multigrain,

guava, apple, dragon fruit etc., and water intake was not less than 2000 mL/day.
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Due to most of obese people did not exercise, we suggest increasing low-
impact cardio exercises including walking, cycling, swimming and water aerobics 30 —
60 minute/day appropriate for obese people activity.

We recommend high dense energy restriction in obese people but obese
people should be consumed high quality of protein intake such as chicken breast, fish,
egg, tofu, skim milk, and legume etc.

Because of changes in dietary behavior and exercise are good way for
weight loss, but MJ consumption is appropriate for uncontrolled-diet people to help
them to lose weight and try to change dietary behaviors and lifestyle for achieving
normal weight.

Further research is required on isolating the active ingredients of MJ and
the mechanisms mediating its effects. Well-designed large randomized clinical trials

should be conducted to reveal the entire spectrum of its favorable effects on human

health.
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APPENDIX A
MANGOSTEEN JUICE CONCENTRATE
MIXED WITH GARCINIA
GARCINIA BISCUIT BARBECUE FLAVOR
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APPENDIX C
GENERAL INFORMATION QUESTIONNAIRE FORM
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APPENDIX D
24 hr-DIETARY RECORD FORM
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APPENDIX E
EVALUATING THE ACCEPTABILITY, SAFETY
AND ADVERSE EFFECT
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APPENDIX F
PHYSICAL ACTIVITY AND EXERCISE FORM
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APPENDIX G
CRITERIA FOR NUTRITIONAL STATUS ASSESSMENT

Nutritional Parameter Criteria
Weight status
Normal weight BMI < 24.9 kg/m?
Overweight BMI > 24.9 kg/m?
Over body fat status
Over body fat I body fat 30.1 - 40.0,%bw
Over body fat II body fat 40.1 - 50.0,%bw
Over body fat I1I body fat 50.1 - 60.0,%bw
SBP status
Normal BP SBP < 120 mmHg
Pre-hypertension SBP 121-139 mmHg
Hypertension SBP > 140 mmHg
DBP status
Normal DBP < 80 mmHg
Pre-hypertension DBP 81 - 90 mmHg
Hypertension DBP > 90 mmHg
Hemoglobin, g/dL
Normal Hemoglobin > 12 g/dL
Anemia Hemoglobin < 12 g/dL
FBG, mg/dL
Normal FBG < 100 mg/dL
IFG FBG 101-125 mg/dL
DM FBG > 126 mg/dL
LDL-C, mg/dL
Normal LDL-C <130 mg/dL
Borderline high LDL-C LDL-C 130 - 159 mg/dL
High LDL-C LDL-C > 160 mg/dL
Triglyceride, mg/dL
Normal Triglyceride < 150 mg/dL
Borderline high triglyceride Triglyceride 150 - 199 mg/dL
High triglyceride Triglyceride 200 - 499 mg/dL
Serum uric acid, mg/dL
Normal Serum uric acid <7 mg/dL
Hyperuricemia Serum uric acid >7 mg/dL
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CRITERIA FOR NUTRITIONAL STATUS ASSESSMENT

Nutritional Parameter Criteria
Liver function
Normal SGOT 10-35 U/L

SGPT 9 -40 U/L
Alkaline phosphatase 30 —120U/L

Kidney function
Normal BUN 5 — 20 mg/dL
Creatinine 0.6 — 1.2 mg/dL




Jutawan Nuanchankong Appendices / 98

APPENDIX H
INFORMED CONSENT FORM

'y

S

v A A Yo Al [~
nilsaetugenlaglasumsvannanuazidnla

(Informed Consent Form)

=D-

a a 30’ v v 1 %’ @ a
2)n3IN3 Uszansravesinisgaanadudunaudununaemsantiniinluwngediu
MM 37.05. 1381 Annna

e2e

v 4 4 a a @ a
wangas lavumens anzunnemedad 15ane11asmnsud snInedeuiioa
515NN INY

MaureNUeIRd1T WM INY

W ey Tansuseaziden

Awv P Y A A A 2 9 v ) VW ol
voalnsamsiseaaonaudszTewl  uazdedeanaznavuaet s InIniIdededegay luliaela
=

U
' 9

I 1 Y
Marfaroudunazsusonldviimsiselulasamsnisetedy wazdmirinddumnsedoasdanavu

5]

e

=

y g Yo Y Y y g N o A Qv o .
all']Wlﬂ']ﬁ'llniﬂﬁ@‘Uﬂ'lllﬁ'Jfﬂﬂ"lﬂ L!ﬁg(’U'IW!ﬂ']ﬁ']ll']iﬂhllll"’ll'ﬁquiﬂﬁ\iﬂ'ﬁ?ﬂﬂuLll@tlﬂﬂllﬂ Iﬂﬂllllllwaﬂizvlﬂfﬂﬂ
o Ay Y =y 2 ogn o g N - y = v
ﬂ155ﬂ]&|1ﬂsll’]WLﬂ1W\1|lﬂ31J uﬂﬂsﬂ’]ﬂuﬂjﬁ]ﬂﬂglﬂﬂmauﬁlﬂw13lﬂf]')ﬂllG]'JGUTWm“ﬂuﬂ’ﬂllaﬂllagﬂglﬂﬂ!f/‘lﬂ‘lﬂ
A g Ao ) { v o ' ' ' A A o
mwiglugdnduaginamsite  madlamedeyanoinusidmdidenthsnuasgineados nszsld
o & a v g
Lﬂw13ﬂ'§€!"ﬂ1!1]uﬁ}’lﬂlﬂﬂwaﬂwymf’]ﬂwjl'ﬂﬂluu

A 9 1 aw
Do, (HLN3IUN1598)

o a Va v
10TV 18V IVE

a =t o ao 3’/ = =
Tunldesneseazideavedlnsams  aasaauilsylenivednsdvg  IuNIVoITEIND1E

a 2 1Y Yo Ao ) 1 o 1aa A o 1 9]
Lﬂﬂ"’llull,ﬂNL"U'I%"Jllfﬂi'Ji]El‘VIﬁ'IUL!a’J’f]Eﬂ\?‘]ﬁﬂﬁ]uIﬂﬂvlllllﬁﬂslﬂﬂﬂﬂﬂ"lf@uﬁu

U

29 9 1 av ' v o A Y Yo 1 9 v A A dyyl
Huawe - ﬂimﬂl‘lﬂi’«]llﬂﬁ’li]ﬂ‘lllﬁ1llﬁﬂ®WH‘WLNfTE]]lﬂ ii% u’«l"l]EJE]TN"’]JE]?"I’JH&HWHQ@'E]EJHEJE]M"I Ulvun

Y Y 1 YY Y 1

a o Y a9y a o A A o Qy @ TA o Y
Q!"U15’]%ﬂ1§'§%ﬂﬁ\mumﬂiﬂﬂlm? wag AN wmMsIdsasuuvs enuwaet i oS uns wlumsIn

U

a I N BT
ﬂ’J']llEl“L!ElE]iJﬂ\?ﬂaTJGUNGIMHL’J?YJEJ

Y 91 aw = g Yo aw
*RIUT3IUNTTIVY HUIYIN QEJHEJE]MGIHTHVITJ%EI



Fac. of Grad. Studies, Mahidol Univ.

NAME

DATE OF BIRTH

PLACE OF BIRTH
INSTITUTIONS ATTENDED

HOME ADDRESS

M.Sc.(Nutrition) / 99

BIOGRAPHY

Miss. Jutawan Nuanchankong
12 May 1991
Nakhon Si Thammarat, Thailand
Rangsit University, 2009-2013:
Bachelor of Science
(Oriental Medicine)
Mahidol University, 2013-2016:
Master of Science (Nutrition)
1825/4Y ommarat Road
Tawang Sub-district
Mueang District
Nakhon Si Thammarat, Thailand
Tel. 08 4840 8528

E-mail: jutawan.nua@gmail.com



	1Cover
	2Conts
	3 Abstract
	4 Intro
	5 Liter
	6 Method
	7 Result
	8 Discuss
	9 Conclude
	10 Refer
	11 Appendix
	12 Biography

