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Abstract

The study consisted of 2,experimen£s. Experiment I was
conducted on 2 groups: 80 omivorous and 144 -vegetarian adults.
Experiment II consisted of 11 volunteers who consumed vegetarian diets
for 14 days and 3 of them consumed these diets for 28 days. In Experi-
ment I, vegetarians had lower energy intake than omivores because most
of them consumed only one meal perday. No significant difference in
serum cholesterol and triglyceride levels were found between ommivores

and vegetarians.. The carnitine intake was significantly lower in

‘vegetarians than in omnivores. This can be explained by the fact that

the plant foods contain carnitine less than animal foods. The serum
free, acyl and total carnitine levels were significantly lower in
vegetarians than in ommivores. Thé urinary free, acyl and totalk
carnitine excretions were significantl& lower in vegetarians than in
omivores. The urinary free, acyl and total carnitine excretions were
significantly lower in vegetarians than in omivores. There were
positive correlations between carnitine intake and the following

parameters: total energy intake, protein intake, fat intake and



urinary total carnitine excretion as well as between serum carhitine
level and the following parametérs: urinary carnitine, serum choles-
terol and triglyceride levels. However, there was a negative correla.
tion betﬁeen serum carnitine and albumin levels. In Experiment II,
the iower mean energy Intake at day 14 and day 28 than at day O were
due to the lower intakes of carbohydrate, protein and fat. There

were significantly decreases in serum cholesterol levei, protein and
carnitine intakes during consuming vegetarian diets. However, the
serum and urinary total carnitine ievels in Experiment IT during
consuming vegetérian diets were still higher than those in vegetarians
in Experiﬁent I. There were significant positive correlations
between carnitine intake and the following parameters: energy intake,
protein intake and fat intake as well as between serum carnitine and
cholesterol levels whereas there was a negative correlation between
sérum carnitine and triglyceride levels. However, the significance

of these findings to health needs further investigations.
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CHAPTER I

INTRODUCTION

1.1 Sources of body carnitine

Carnitine, 3mhydrdxy-4 trimethylamino butyric acid,-originaily

isolated from muscle, has the following structural formula.

+ A
(CH3)3 - N - CH2 - ?H - CH2 - €00

OH
Carnitine in the body is derived from two sources, i.e.,

exogenous and endogenous sources.
1.1.1 Exogenous source

The exogendus source of carnitine is derived from the diet.
Fraenkel (1) has made an extensive survey of the occurrence of carnitine

in nature using Tenebria molitor as a bioassay procedure. Two general

condusions can be drawn from his studies: (a) animal tissues contain
very much higher levels of carnitine than do microorganisms or plants
and (b) the richest source of carnitine is muscle of both vertebrate
and invertebrate. Recent analyses of the total carnitiné (free and
acylcarnitine) content in Thai foods by Tanphaichitr et al (2), using
enzymaticradioisotopic method, revealed that each 100 g of lean beef,
pork, chicken and fish contain 548, 166, 36 and 27 umoles of carnitine,
respectively, whereas the‘same amounf of uncooked and cooked milled‘

rice contain 0.4 and 0.26 umole of carnitine.



1.1.2 Endogenous source

In 1973, Tanphaichitr and Broquist demonstratéd in Neurospora

crassa and the rét«that carnitine was derived from e-N-trimethyllysine
(TML) through the intermediate, y-butyrobetaine (y-BB) (3)., In Neuro-
spora crassa, free lysine can be methylated in a stépwise manner to
form TML, but in mammalian;tissues the bulk of the T™L is derived from
methylated protein (4). The individual steps in the conversipn of
T™™L té carnitine have been described and appear to involve four enzymes-
IML-3-hydroxylase, 3-hydroxy TML aldolase, aldehyde oxidase, and y-BB |
hydroxylase from carnitine (4-7). Bofh hydroxylages require a-ketoglu-
tarate, iron and ascorbate as cofactors. The earnitine biosynthetic
pathway is shown in Figure 1.
| ” In rats, most tissues can.synthesis y~BB, but the final
hydroxylation reaction can be carried out only by the liver (8-9).
The relative contributions of the extrahepﬁtic tissues to Qarnitine
biosynthesis through the formation of y-BB recently was examined by
Zaspel et al (8). Using the radioactive method found that only the
liver can synthesis carnitine and the kidneys play a major role in
providing y-BB for carnitine synthesis in rats.

'In Human tissues, such as liver, brain, kidney, heart ﬁnd
skeletal muscle, Rebouche and Engel (10) found that only liver, kidney
and brain contained all of the enzymes required for carnitine biosyn-
thesis while other tissues contained only three enzymes, i.e., TML
hydroxylase, T™L aldolase and y-trlmethylamlnobutyraldehyde dehydro-

genase in human that kidney can (10-11).
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1.2 Role of carnitine in energy metabolism

Many studies have been done to evaluate the role of carnitine
on energy metabolism which includes fatty acid oxidatibn, ketone body

metabolism, and degradation of branched chain amino acids.
1.2.1 Carnitine and Fatty Acid Oxidation

Carnitine plays a major role in the transport of activated
flong-chain fatty acyl groups from sites of activation in the cytoplasm
to sites of B-oxidation in the mitochondria (12,13). Figure 2 illus-
trates a schematic representation of the transport mechanism. It is
shown that carnitine is necessary for'fransfer of acyl groups across
mitochondriél membrane, and enzyme carnitine acyltransferases are

responsible for the reactions (14).

Acyl - CoA + Carnitine;;::ﬁzAcyl‘carnitine’+ CoASH
.Carnitine acyltransferases areithought to exist in the mitochondrial
membranes in two forms, carnitine acyltransferase I and II (15-17).
Carnitine acyltransferase I is loosely bound to the external surface
of the cytoplasmic side of the mitochondrial membrane where it

catalyzes the tremsfer of the acyl moiety from CoA to carnitine:

Acyl - CoA + Carnitine;——————~>Acylvcarnitine + CoASH
Carnitine acyltransferase 1
The long-chain fatty acid acyl carnitine translocated to the innér side
" of the mitochondrial membrane undergoes a second enzymatic reaction
catalyzed by carnitine acyltransferase II where by'acyl—CoA is made

available for B-oxidation within the mitochondrial matrix (19-20).



Iong Chain Fatty Acid + ATP + CoASH Cytoplasm

Thiokinase Outer
AMP + PPC Mitochondrial
Acyl = Co A Membrane

 Carnitine

7
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J

Acyl Carnitine - : Inter
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v
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2

Fig 2 Propbsed mechenism of carnitine-mediated transport of long

~ chain fatty acids into mitochondria



Acyl carnitine + CoASH———>Acyl - CoA + Carnitine

Carnitine acyltransferase II
So it means that the enzyme Earnitine acyltransferase which at the
inner and»oﬁter mitochondrial membrane regulated indirectly in fatty

acid oxidation (21-23).
1.2.2 Carnitine and Branched-chain amino acids

Branched-chain amind acid such as leuciné, isoleucine,
valine are preferentially oxidized in muscle more than inyliver like '
other amino acids (24), and it is found that muscular tissue carnitine
concentration is higher than in other tissues, except for kidney (25).
So it may be that carnitine stimulates the oxidation of branched-chain

amino acid directly (26,27) or indirectly (28) in the muscular tissue.
1.2.3 Carnitine and Ketone body

Ketone body, B-hydroxybutyrate and acetoacelate can serve
as fuel to extrahepatic tissues during stravation and diabetic (29-31).
Carnitine has been shown to enhance oxidation of ketone body or keto-

genesis or ketone utilization by extra-hepatic tissue or hepatic tissue

(32-36).

1.3 Specific aims of the present study

Tanphaichitr et al (2) have shown that serum and urinary
carnitine levels can be used as indices to assess carnitine status in
man. They have also found that Ubol adults had inadequate'carnitine
status which coexisted with protein-calorie malnutrition (PCM). Their

inadequate carnitine status could be due to the low carnitine intake



and impaired carnitine biosynthésis stemming from lysine.

" Nowadays vegetarien diet becomes popular among Thais. This
is partly due to their belief that consuming vegetable foods will
improve their health. Since carnitine content in vegetable foods is
low (2{37) we are iﬁtereSted in investigating the influence of
vegetarian diets on carnitine status.

The specific aims of this study are to determine:-

1. the carnitine status in the ommivores and vegetdfians

2. the relationship between carnitine status with the serum
cholesterol and serﬁm triglyceiidé

3. +the relationship between carnitine status with protein-
calorie status

4. carnitine content in plant sources consumed by the vegeta-
rians |

5. the relationshipwbetween carnitine status with carnitine

intake

Carnitine status in each subject is assessed by the
determination of free, acyl and total carnitine levels in serum and.

urine.



CHAPTER II

MATERIALS AND METHODS

2.1 Experiments and Subjects

This study was divided into two experiments.

2.1.1 Experiment I

| The study was conducted in 2 groups: omnivorous and
vegetarian adults. All of the subjects could perform their daily work.
Omnivorous adults were the teachers and students of Srinakharinwirot
University (Prasarnmit Campus), who attended Sur Nutrition Clinic for
physical check-up. Vegetarian adults were those who ate vegetarian
diets for more than one year., They were'subdivided into priests and
laymen. All of the priests belonged to Dhama Santi Foundation and
resided at Santi Asoke, Bangkok; Prakan Asoke, Samut Prakan; or:
Pathom Asoke, Nakhon Pathom. The laymen were those who attended the
above‘mentioned religious places. They intended to consume vegetarian
diets because they believe that eating animals were sin, The numbersb
of subjects and their age ranges are shown in Table 2-1. Out of 144
vegetarians 10 were lacto-vegetarians, 12 were lacto-ovo-vegetarians
and the remainiﬁgs were strict vegeiarians.

2.1.2 Experiment II

Eleven healthy volunteers, 2 males and 9 females with the
age ranging from 22 to 44 years, participated in a l4-day experiment

during which they consumed only vegetarian diets. Three females



Table 2-1 Number of adults and their ages according to their dietary

habits

Number of Subjects

Dietary Habit Age
Total Male Female yr
‘T Omnivores 80 10 70 19-55
II kVeéetarians 144 66 78 15-60
a. priest . 62 45 17 15-55

b. layman el Yl o 61 18-60
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extenled their consumption of vegetarian diets to 28/days. The initial

characteristics of the subjects are shown in Table 2-2.

2.2 Nutritional Paremeters
2.2.1 Dietary Assessment

Dietary assessment was carried out in omnivores by 24-hour
dietary recall method. Direct observation for. the dietary intake was
made'in vegetarians at day before the blood collection day, and
subjects in experiment II at day -1, 11, 12, 13, 25, 26 and 27. The
data were then calculated for the total energy intake and its distri-
bution derived from fat, carbohydrate and protein, using Thai Food
Composition Table (38) and Food Composition Table for Uée in Easﬁ“f
Asia (39). | )

2.2.2 Anthropometry

Height, body weight, tricepé skinfgid thickness (3) and
mi%d upper arm circumference (Cl) were measured in all of the gubjecté.
. The mid upper arm muscle circumference (02) was calculated from the
following formula : C, = C ~ IS (40). The data obtained was compared
with the standard values. Standard of weight-height was taken from
Medio-Acturial Mb;tality Investigation (41) whereas the remaining of
anthropometric measurements were taken from the standard source (40).
Body mass index (BMI) was calculated from the following formula:

weight in kg/(height in meter)2 (42).

2.2.3 Blood Collection
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Table 2-2 The initial characteristics of the subjects consuming

vegetarian diets

Age Height Wt

Subject v om kg Occupation
Male
K. KI 26 157 54.60 Graduate Student
A, VO 26 168 74.00 ©  Admin, Assistant
Female
N. LE® 29 155.50 42,70  Lab, Personel
L. su® 24 156.00 51.50  Graduate Student
M Yot 27 145.00 46,00  Iab. Personel
S. BO 36 152.50 50.70 Lab. Personel
S. PA bty 150.00 62.50 Admin. Assistent
S. KU 28 . 155.00 46.50 Lab. Personel
V. PO 30 155,00 - 47.00 Admin, Assistant
R. RJ 31 147.00 48,90 Admin. Assistant
R. PA 26 148.00 39.00 lab. Personel

a = eating vegetarian diet for 28 days .



Venous blood was obtained from subjects in Experiment I
after a l2-hour fast, using dispésable syringes and needles. In
Experiment'II, venous blood was obtained at 2-week intervals during

‘the study (day 0, day 14 and dey 28).
2.2.4 Urine collection

Twenty-four hour urine specimens were colleéted'from all
of the subjects using toiuene as preservative. - In Experiment I, only
one single 24-hour Urine collection was made on the day prior to
venepuncture. In'Experiment II, 24-hour Urine collection was made
daily during the study in two subjects and whereas the 3 consecutive
days of Urine collection was made prior to the venepuncture'in the

remaining subjectv(day -1, 11, 12, 13, 25, 26 and 27).
2.2.5 Determination of carnitine content in serum and urine

Serum and Urinary carnitine concentrations were determined
by the enzymatic - radioisotopic method of Mbdhrry and Foster (43)3\
Each sample was analyzed for both free and total carnitine. The
acylcarnitine is calculéted fiom the difference between the total
and free carnitine. The percentage of acylcarnitine is Calculatéd '
as follows:

% acylcarnitine = (Ttal carnitine - Free carnitine) £ 100

Free carnitine
2.2.6 Determination of carnitine content in foods

Free and total carnitine contents were determined in some

vegetables and fruits consumed by the subjects.
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-
2.2.,7 Determination of blood constituents
Besides serum carnitine, the following parameters were
determined in all of the subjects, i.e., hematocrit by the micromethod
(44), serum total protein by biuret method (45), serum albumin by the
bromeresol green dye-binding technique (46), serum cholesterol,by the
method of Searcy and Berquist (47), and serum triglyceride by the

method of Van Handel and Zilversmit (48).

2.3 Statistical Analyses

-V,Convenfionai statistical methods were used for the cal-'
culation of Student's t test (one-tailed) and linear regression

analysis (49).



CHAPTER III

RESULTS,

3.1 Experiment I
3.1.1 Dietaryvassessment in omnivores and vegetarians

Tabfe 3-1 shows the means % SEM of energy, protein,
carbohydrate; fat and carnitine intake.in omnivores.and vegetarians.

. Both in omni&ores and vegetarians, men. had significantly higher
energy intake than women. The omnivorous men and women had signifi-
cantly higher energy intake than vegetarian men ahé women of both
priests and layman. Vegetarian men and women in layman group had
significanfly higher energy intake than the priest group.

Both groups of vegetarian men had significantly higher
protein intake than vegetarian women. There was no significant
difference in protein intake between omnivorous men and women.
Omnivorous men and women had significantly higher protein intake than
the vegetarian men and women of both groups. There was no signifigant
difference in protein intake in both sexs between layman and priest
groups. »

Omnivoroﬁs'men and male priests héd significantly higher
qarbohydrate intake than women of the same group, but no significant
difference was found in carbohydrate intake between vegetarian men and
women in iaynan group. Omnivorous men and women hadvsignificantly

higher carbohydrate intake than vegetarian men and women, both in
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‘Table 3-1 Mbéns + SEM of energy, protein, carbohydrate, fat and carnitine

intake in omnivores and vegetarians

Subject Consumption per capita per day

.Group No. Energy Protein Carbohydrate Fat Carnitine
Keal 134 g g mg
Omnivores

I Men 10 3419167  95.0%7.7 527.3x44.5 102.6%7.1 68.4%15.1

II Women 70 2722174 78.5+3.2  397.9%12.2 90.8+3.6  52.1%3.7

Vegetarians
A. Priest )
III Men 45 187249 49.0+1.7  326.7¥10.0 41,3%2.0 28.9%1.6

IV Women 17 1470184 37.1+2.7 248.0%15.3 36,7+2.8 22.8tl1.4

B. Layman ‘
V Men 21 2119+86 61.2¢6.2  351.9+22.8 51.9%5.5 23.6%2.1

VI Women 61 1780+63 43.1%1.8  303.2+13.2 43.9¥2.6 19.9%0.8

P value by t test (2 tailed)

II vs I P<0.005 NS P<0.001 NS NS
Iv vs III P<0.00L  P<0.00L  P<0.001 NS P<0.01
VI.vs V " P<0.01 P<0.01 NS : NS NS
IITvs T P<0.001 P<0.001 P<0.001 P<0.001 P<0.05
v vs I P<0.001  P<0.005  P<0.00L P<0.001 P<0.05
IV vs II P<0.00L  P<0,001  P<0.001 P<0.001 P<0.001
VI vs II P<0.00L  P<0.00L  P<0,001 ~ P<0.00L P<0.001
v vs III pP<0.01 - NS "~ NS NS NS

VI vs IV P<0.02 NS P 0.05 NS NS
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priest and layman groups. No significant difference was found in
carbohydrate intake between vegetarian men in priest and lgyman groups.
Vegetarian women in layman group had significantly higher carbohydrate
intakegthan female priests.

Omnivorous men and vegetarian men both iﬁ priest and
Jayman groups did not have significantly higher fat intake than women
of the same group. Omnivorous men and women had significantly higher
fat intake than vegetarian men and women both in pfiesf and layman
groups. No significant difference was found in fat intake between men
and women of priest and layman groups.

No Significant difference was foundein carnitine intake
between men and women of omnivorous and layman groups, but male
priests had significantiy higher darnitine intake than female priests;
Omnivorous men and women had significantly higher carnitine intake
than vegetarian men and women both in priest and layman groups. No
significant difference was found in carnitine intake between men and
women of priest and layman groups.

Table 3-2 shows the means * SEM of percentage of caloric
Aistributioﬁ per capita pér day in omnivores and vegetarians.
Omnivorous men and vegetarian men both in priest and layman group
did not have significantly higher percentage of protein intake than
omnivorous women and vegetarian women within the same group. No
significant difference was found in percentage of protein intake of
omnivorous men and vegetarian men both in priest and layman groups.

Omnivorous women had significantly higher percentage of protein intake
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Table 3-2 Means * SEM of percentage of caloric distribution per capita

per day in ommivores and vegetarians

Subject Caloric distribution per capita per day %
Group No. Protein Carbohydrate Fat
g g g

Omnivores

I Man 10 11.3#81.0 61,0i2.9 \ 27.7+2.1

II Women 70 11.6:0.3 58.441.0 30,011
Vegetarians
A Priest ) _,

IIT Men 45 10.5%0.3 69.7+1.0 19.8%0.9

IV Women 17 10.0%0.4 68.0+2.0 22.0+1.7
B. Layman

V Men 21 11.6£1.0  66.0¢3.0 22.422.6

VI Women 61 | 9.8+0.3 67.8£1.3 22.4%1.1.

P value by t test (2 tailed)

IT wvs 1 NS NS NS
IV vs IIT NS NS NS
VI vs V NS NS : NS
III vs I NS P<0.001 © P<0.00L
V ve I NS NS NS
IV wvs II P<0. 005 P<0.001 - P<0.001
VI vs II P<0.001 P<0.001 P<0.001
vV vs III NS NS NS

VI vs IV NS NS NS
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thanuyegataiianiwomen of both groups. No significant difference was
found in pefcentage of protein intake between vegetarian men in priest
and layman groups, and vegetarian women of‘both groups.

Omivorous men and vegetarian men both in priest and
layman groups did not have significantly higher percentage of fat
intake than omniver®us women and vegetarian women of both groups.
Omnivorous men had significantly higher percentage of fat intake than
vegetarianmen in priést group, but omnivorous men did not have
significantly higher percentage of fat intake than vegetarian men in
laymen group. Omnivorous women had significantly higher percentage
of fat intake than vegetarian women both in priest and layman groups.
- No significant difference was found between vegetarian men in priest

and layman groups as well as vegetarian women of both groups.
3.1.2° Age and anthropometric measures in omnivores and vegetarians

Table 3-3 shows the means * SEM of age, height, body
weight and body mass index in omnivores and vegetarians, No 31gn1f1cant
difference was found in age between men and women of omnivorous and
layman groups, but female priests had significantly higher age than
male priests. No significant difference was found in age between male
priests and omnivorous men as well as female priests and female 1aymen.
Vegetarian men in layman group had significantly higher age than
omnivorous men. Both vegetarian women in priest and laymen groups had
‘significantly higher ages than omnivorous women. Vegetarian meﬁ in

layman group had significantly higher age than male in priests,

s

e



Table 3-3 Means * SEM of age, height, body weight and body mass index in

omnivores and vegetarians

Subject Age Height Weight BMT
Group No. yr cm Kg % Std Kg/m2
Omnivores

I Men 10 30.5%3.3 166.6£0.9 56.0t1.8  84.9:3.5  20,3:0.8
IT Women 70 24.4%0.8 154.5%0.5 46.9%0.6  83.7+1.0  19.6%0.2

Vegetarians
A. Priest
ITT Men 45 29.5%1.3 164.3:0.8 51.480.8  80.0:1.0  19.040.2

IV Women 17  36.8#2.7 152.5%1.4 44.4*1.5 76.12,7 19.0+0.5

B. Layman
V  Men 21 40.5%2.7 164.8+1.5 54.1#1.7 80.5x2.0 19.9x0.6

VI Women 61 36.8%2.7 154.120.6  46.9%1.1 79.311.7 19.7%0.4

P value by t test (2 tailed)

II vs I NS P<0.001 P<0,001 NS NS
IV vs III P<0.0l P<0.001 P<0.001 NS NS
VI ve V NS P<0.001 P<0.005 NS NS
IIT vs I NS NS P<0.05 NS NS
V vs I  P<0.05 . NS NS NS NS
IV vs II  P<0.00L NS NS. P<0.005 NS
VI vs II  P<0.001 NS NS P<0.005 NS
V vs III P<0,001 NS NS NS NS

VI vs IV NS NS NS NS NS
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Omnivorous men and vegetarian men of both groups were
gsignificantly taller‘than women of the corresponding groups. There
- was significant difference in heights between the same sex of ommivorous
and vegetarians. Men were significantly taller than women within the
same group. .

No significant difference wére found in body weights
between omivorous men and vegetarian men in layman group, ommivorous
women and vegetarian women of both grbups, male priests and male
laymen, female priests and female laymen. However, omnivorous men
had significantly higher body wéight than male priests.

No significant differences were found in mean percent
standard of wéight—heightwbetween men and women within the same group
of subjects-and between the same sex of different groups. However,
omnivorous women had significantly higher percent standard of weight-
height than vegetarien women of both groups.

No significant differences were found in mean body mass
index bétween men and women within the same group of subjects and
within the same sex of different groups. %

Table 3-4 shows the means * SEM of triceps skinfold
thickness,mid upper arm circumference and upper arm musclé circuﬁ-
ference in omnivores and vegetarians. Women had significantly higher
triceps skinfold thickness than men within the same group. No .
gsignificant differences iﬁ‘triceps skinfold thickness were found within
the same sex of different groups.

Vegetarian women had significantly higher percent standard

triceps skinfold thickness than vegetarian men both in priest and
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Table 3-4 Means i‘SEM of triceps skinfold thickness, mid upper arm circumference

and upper arm muscle circumference in omnivores and vegetarians

Subject - Triceps skinfold

Mid upper arm Uppér arm muscle
thickness circumference circumference
Group No, mm % std cm 7 Std cm % Std
Omnivores
I Men 10 9.6%1.7 173.0%12.1 25.8+0.9 88,0%2.9 22.8%0,5 89.9+2.1
IT Women 70 15.2+0.5 093.0%3.1 24.010.3 84.0£0.9 19.21+0.2 82.70.8
. Vegetarians
A, Priest
IIT Men 45  8.030.3 64.0£2.4  24.840.3 84.9¥1.0  22.3%0.3 87.6#1.2
IV Women 17 14.9+1.0 91.1%6.2 23.240.5 81.0+1.7 18.5¢0.3 79.1%1.2
B. Layman‘
V Men 21 7.5%0.7 59.7+5,7 25.6%0.7 87.7+2.0 23.3%0.5 92.2%2.0
VI Women 61 14.2+0.7 87.1%4.3 24.4%20.4 85.5+1.7 19.9+0.3 85.5%1.0
P value by t test (2 tailed)
IT ve I " P<0,001 NS P<0.05 NS P<0.001 P<0,005
IV vs 1III P<0.001 = P<0.001 P<0.005 NS P<0.001 - P<0.001
VI vs V P<0.001  P<0,001 NS NS P<0.001 P<0.005
ITT vs I NS NS NS NS NS NS
V wvs I NS NS NS NS NS NS
IV vs II NS NS NS NS NS P<0.05
VI vs 1II NS NS NS NS P<0.05 P<0.05
Vv vs III NS NS NS NS NS P<0.05
VI wvs IV ‘NS NS NS P<0.05 P<0.001 P<0,001
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layman groups, but no-egignificant difference was found in percent
standard triceps skinfold thickness between omnivorous men and women.
Omivorous men and male priests had significantly higher

mid upper arm circumference than women of the same group. However,
there were no significant differences in this parameter between male .
and female laymen, as well as between the same sex of different groups;

| No significant differences were found in'mean percent
standard of mid upper arm circumference between man and women within
the same group of subjects or in the different groups. Only femsle
laymen had significamtly higher percent Standard of mid upper arm
circumference than female priests whereas no significant difference
was found in mean percent standard of mid upper arm circumference
between the same sex of other groups.

) Men had significantly higher upper arm muscle circumference
and its percent standard than women within the same group. Female
laymen had significantly higher upper arm muscle circumference and its
percent standard than omnivorous women. Similar findings were found
between feméle laymen and female priests. Omnivorous women and male
laymen had significantly higher percent standard of upper arm muscle

circumference than female priests and male priests, respectively.

3.1.3 Serum total protein, albumin, cholesterol, and triglyceride

- levels in omnivores and vegetarians

.Table 3-5 shows the means * SEM of serum total protein,
albumin, cholesterol and triglyceride levels in omnivores and

vegetarians, Significantly higher in serum total protein levels were
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Table 3-5 Means * SEM of serum total protein, albumin, cholesterol

and triglyceride levels in omnivores and vegetarians

Serum protein, g/dl

Serum lipid, mg/ml

P<0.001

Sub ject |

Group No. Total protein Albumin Cholesterol Triglyceride
Omnivores

I Men 10 7.7+0.1  4.2%0.1 193.5+3.9 109.3£17.6

II Women 70 7.320.1  4.1%0.0 185.5%3.8 76.6%4.0
Vegetarians
A. Priest

TIT Men 45 7.840.1  4.5%0.1 169.2¢3.3  T2.4%4.6

IV Women 17 7.9+0.1  4.420.1 191.046.2 74.4%5.1
.B. Layman |

V Men 21 7.4+0.1  4.4%0.1 170.6%5.6 85.3%9.4

VI Women 61 7.240.1  4.4+0.1 181.943.1 73.643 .4 -
P value by t test (2 tailed)

II vs I P<0.005 NS NS NS

IV vs III NS NS P<0.005 NS

VI vs NS NS NS NS

IIT vs I , NS . P<0,05 NS NS

v vs P<0.05 - NS NS NS

IV vs II P<0.001  P<0.025 NS NS

Vi vs IT NS P<0.05 NS NS

v . vs TIII F<0.01 NS NS NS

VI vs IV NS NS NS
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found between thelfollowing pairs: omnlvorous men vs omnivorous
women, omnivorous men vs male laymen, female priests vs omnivorous
women, male priests vs male laymen; and female priests»vs female
laymen.

Male priests, female priests and female laymen had
significantly higher in serum albumin than omnivorcus men, and
omnivorous women, respectively. |

No significant difference were found iﬁ mean serum choles-
terol levels between men and women in the same group of subjects and .
between the same sei of different groups. However, only female
‘priésts had significanély higher serum cholesterol than male priests.

No significant differehces were found in mean serum
_triglyceride levels betweeﬁ men and women within the same group of

subjects and between the same sex of different groups.

3.1.4 Hematoerit and sewum sugar levels in omnivores and

vegetarian

Table 3-6 showé the means * SEM of hematocrit and serum
sugar levels in omnivores and vegetérians. There were significant
differences in hematocrit levei between men and women within the
same group of subjects. HMale priests and laymen had significantly
lower hematocrit'lével then omnivorous men. Similar finding was
found between female laymen and omnivorous women. Male laymen had -
significantly lower hematocrit thah male priests.

Significantly higher in serum sugar levels were found

between the following pairs: female priests vs male priests, omnivorous



Table 3-6 Means * SEM of hematocrit and serum sugar levels in

omivores and vegetarians )

Subject

; Hematocrit “ . Serum Sugar
Group No. . % ‘ mg/dl
Omnivéres
| I Men 10 46.8+0.9 : 85.1+1.8
II Women 70 39.60.3 82,6+1.0
Vegetarians
a. Priest
IIT Men 45 | 42.410.5 76.80.9
IV Women 17 ©38.9%1.1 84 .8%1.9
' B. Layman |
V  Men 21 40.5%0.8 82.2+1.4

VI Women 61 36.9+0.4 84.1+0.9

P value by t test (2 tailed)

IT ve I  P<0.001 NS
I vs III | P<0.0L - P<0.005
VI vs V P<0.001 NS
III vs I P<0.001 P<0.001
vV ovs I | P<0.001 NS
IV vs II NS NS

VI vs II P<0.001 NS

Vv vs III P<0.05 ' P<0.001
VI

vs IV : NS NS

25
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men vs male priests, and male laymen vs male priests.
3.1.5 Serum carnitine levels in omnivores and vegetarians

‘Table 3-7 shows the means + SEM of serum carnitine levels
‘in omnivores aﬁd vegetarians. Omnivorous men and male priests had
significantly higher serum free carnitine levels than women of thev
same group, but no significant difference was found in serum free
carnitine level between vegetarian men and women in layman group.

The omnivorous men and women had significantly higher serum free
carnitine levels than vegetarisn men and women of both priests and
laymen. Vegetarian men and women ?n layman groub had significantly
higher gerum free carnitine level than the priest group.

Female priests had significantly higher serum acylcarnitine
“level than male priests whereas female laymen had significantly lower
serum acylcarnitine level than male lajmen. The omnivorous men and
women had significantly higher serum acylcarnitine levels than
vegetarian men and women of both priests and laymen. Only male laymen
had significantly higher serum acylcarnitine level than the male
priests.

‘Omnivorous men had significantly higher serum total
carnitine level than omnivorous women, but no significant difference
was found in this parameter between men and women in both vegetarian
groups. Both vegetarian groups had significantly lower serum total
carnitine level than omnivorous group in the same sex. Vegetarian men

and women in layman group had significantly higher serum total carnitine

levels than the priest group.



27

Table 3~7 Means * SEM of serum carnitine levels in omnivores and

vegetarians
Subject .Serum carnitine, pmole/L Acylcarnitine % 100
Group No. Free Acyl Total Free carnitine
Omnivores
I Men 10  81.8#2.0 63.9%5.5 145.76.0 78.46.6

IT Women 70  69.1#1.3 61.7+1.9 130.9%2.4 91.5¢3.5
Vegetarians
A, Priest

III Men 45  44.6:1.5 21.4%1.9  66.0:2.4  51.5%5.2

IV Women 17  32.8:2.5 29.3:2.7  62.12.9 104.3+15.9
B. Layman

V Men 21 50.922.8  42.3%4.1 93.3+5.7 86.3%19,5

VI Women 61  49.1#1.9 33.1#2.0  82.13.0 74,.245.7

P value by t test (2 tailed)

II vs I P<0.001 NS P<0.05 NS
IV vs III P<0.00L  P<0.05 NS P<0.005
VI vs V NS P<0.05 NS | NS
11T ve T P<0,001  P<0.001  P<0.00L P<0.025
Vo owve I P<0.001  P<0.005  P<0.001 NS
IV vs II P<0.001  P<0.001 . P<0.001 NS
VI vs II P<0.001  P<0.001  P<0.001 NS
V vs III P<0.05  P<0.00L  P<0.00L P<0.001
VI

vs IV P<0,001 ~ NS P<0.001 P<0.05
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There were significant differences in the ratio of serum
acylecarnitine and free carnitine between the following pairs: female
priests vs male priests, omnivorous men vs male priests, male laymen

vs male priests, and female priests vs female laymen.
3,1.6 Urinary carnitine levels in omnivores and vegetarians

Table 3-8 shows the means * SEM of urinary carnitiné
excretions in omnivores and vegetarians. No significent differences
in urinary free carnitine levels between men and women on the same
sex in both priest and layman groups. Only in omnivorous group, men
had significantly hlgher urinary free carnitine level than women .
Vegetarian men and women had significantly lower urinary free
carnitine level than the omnivorous group.

Male laymen had sigpificantly higher qrinary acylcarnitine
level than female laymen wherea; no significant difference in this |
_parameter was found between men:and women in both ommivorous and
priest groups. The vegetarian ﬁen and women had significantly lower
urinary acylcarnitine than the ommivorous group.

Similar significant findings among various groups were

found for urinary total carnitine. No significant difference was

found in the urinary acylcarnitine/free carnitine ratio.

3,1.7 Relationship between carnitine intake and dietary intake,
and serum and urinary total carnitine levels in ommivores and vegeta-

rians

Table 3-9 shows that there were significant positive
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Table 3-8 Means SEM of urinary carnitine excretion in omnivores

and vegetarians

Acylcarni- ,
Subject , Urinary carnitine, umole/day tine x100
F

Group No. Free Acyl Total carniiine
Omnivores

I Men 10 197.7+26.9 214.8%33.8 412.5%33.7 142.8+39.8

I1 Women 70 138.7+7.6 221.5¢10.6  358.6+11.6 202,6£19.2
Vegetarians
A. Priest:

IIT Men 45 36.9+2.4 62.5%3.5 99.4%3.6 212,0+22.9

IV Women 17 C32.4%4.3 50.116.3 82.7+7.9 222.2%51.2
B. Laym _

V Men 21 36.1+3.0  68.1#4.1  104.2¢5.1 240.3%37.4

VI Women 61 33.0%1.8 56.8+£3.6 90.6%4.2 238.4%29.0
P value by t test (2 tailed)

IT vs 1 P<0.05 NS NS NS

IV vs III NS NS NS NS

VI vs V NS P<0.05 P<0.05 NS

IIT vs I P<0.00L P<0.001 P<0.001 NS

V ve I P<0.001 P<0,001 P<0.001 NS

IV vs II P<0.001 P<0.001 P<0.001 NS

VI vs II P<0.001 P<0.001 P<0.001 NS

V wvs III NS NS NS - NS

Vi

vs IV NS NS NS NS
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correlations between carnitine intake and serum total carnitine (r =
0.4698, P<0.001) or urinary total carnitine (r = 0.4557, P<0.00l) or
energy intake (r = 0.5282, P<0.00Ll) or protein intake (r = 0.5429,

P<0,001) or fat intake (r = 0.5071, P<0.001).

3.,1.8 Rslationéhip between various forms of serum carnitine and
the variable of urinary carnitine, serum cholesterol and trigluceride

levels in omnivores and vegerarians

Table 3-10 shows that there were significant positiwe
correiations between all forms of serum carnitine and all forms of
urinafy carnitine (r = 0,5428, P<0.001; r = 0.5959, P<0.001; r = 0.7197,
P<0.0Ql). As well as between serum free carnitine and serum trigly-
ceride»(r = 0,1488, P<0.05) and between serum total carnitine and

serum cholesterol (r = 0.1488, P<0.05).

3.1.9 Relationship between serum total carnitine and serum total

protein, albumin and hematocrit levels in omnivores and vegetarians

- Table 3-11 shows that there was significant hegative

correlation between serum total carnitine and serum albumin level.

3.2 Experiment II
3.2.1 Dietary assessment of subjects in experiment II

Table 3-12 shows that there were significant differenceé in
energy, protein, fat and carnitine intake between day O vs day 14 in
group IIa. |

Table 3-13 shows the means * SEM of percentage of caloric

distribution per capita'pef day of subjects in experiment II. Signifi-



32

(PaTTBY 2) 3893 9 £q enTea 4

SN AN AR gee 9¥60°0 XC62T 0+Y726° Y6 SPTIS0ATITa]
60°0>d A} XAk £2e wmvﬂ.o Xo0CT 0+28L6° 89T ToJaa3saTou)
100°0>d L7 et €ze L6TL"O - XBLLE ZHELGE 96~ SUTJTUIBD TB30} AIBULJf)
, AUTLTUIBD TBIO} UNJISS = X USUM
SN 9168 T g€ee 9e21°0 X098T "0+88€€ *69 SPTJISOATITI]
SN LEGL T gee 86T1°0 X0260°0+8884 94T TOI2382TOY)
T00°0>d 760" 1T gee 6566°0 me@@.ﬂ+¢bow.w QUTFTULBOTLOR AIBUTI(
QUTTTUIBOTLOR WNIAS = X USYM
¢0°0>d €9z e gee 88¥1°0 XOT8T"0+9429° 19 9PTIDVATITY,
SN £8€8° 1 £22 JRAA NN, XEB6T 0+6GEL 69T TOI31S9TOY)
T00*0>d - T0€9°6 €ee 8cvs o X06TT C+T66L° 17 SUTHTUIBD 981J AJBUT.IY
: UL TUIBO 99d] WNJISS = X USUY
gd 3 4a I Xq + ® =X STQUTJIBA
mnwwhwpmmw> puU®R SOJOATUMIO UT
mﬁm>wﬁ‘mvwhmohwaﬁv UNMISS PUB TOI9YSSTOUO UMJISS ‘SUITUIBD ALIBUTIN JO SULIOJ SNOTJBA
Jo mﬁHpﬁﬂh@b 8Y3} pue STOAST SUT}TUIBO UNWISES JO SWIOJ sSnoTtaBa usamlaq drysuoryersy OT-€ °I98lL



33

(PeTTR} 2) 359% % £q enTeA d,

SN LLEYTT £ee mowo.o Nmno.m X ZTI9° T-L8LB 6E 3 TI00%BUSY
G000 0»d £geee- £€ee 9812 0~ M.vlo.m X gueece-eevey ) UTunqTe whuag
SN 92£6°0~ gee %290° 0~ Mm!OH X £LBLL-ETOY L urejoad T30} WMISG
_ SUT)TWIBD TEB10} UNISS = X USUW
=d 7 Jp I x3 +® =X SaTqeTIBA

SUBTIB3950A PUE SOIOATUNIO UT STOAST 3 TI00}BUSY

pus umumqTe ‘urejoad 830} WNISES PUB SUTRTULRD TB3C] UMISs usamieq dTUsUOTIBI®Y TT-€ 9TQBL

arnbb Y



34

SN SN SN SN SN 82 sa O
SN SN SN SN SN YT sA Q0 »~qII
$0°0>d T0°0>d SN $0°0>d 6200°0>d YT 83 Q BII
(PaTTR} 2) 9se3 3 paxred £q onfes g
LTFTYT zroTsete 0%%0°09¢€ YIZ'0%  6LLFTS6T 8z
£°276° Y1  6°93T €L G gr¥e 88T 8°LF9°¢E YETFE6ST 1
0°99%6°68 Y L2F7 88 rAlorc 3 Al ey e £ 62F1°68 ZEETYTOZ 0 qII
2 T¥6° YT LUEFL Y §*0230° %62 T E€x%°€¢ 9612691 vT
JAFAEY A4 OTx7'8¢L 9230° TEE L6317 €9 8L16822 0 BII
Su 3 8 i ToOy
SUT]TUIB) 184 21BIpAYoqae) ura30ad L3aouy £eq dnoap
£vp aed ®ypdeo gad uoridumsuo) 108fqng

sjoafqns Jo 9YEB}UT SUI}TUIBD DUB 1BJ ‘e3eapAyoqaes ‘utejoad ‘ABIsUe JO WHS T

11 tuswraedxs ur

SuBsly ZI-¢ 8Tqel

—a !



35

SN : SN , SN . gc 8a O
1 620°0>d SN SN YT sA O aII
G20°0>d G00°0>d SN . YT sa O BII

(paTTe: 2) 94se3 3 ated £q anysA J

L72¥6°8T - 6°T*6" 2L 6°0¥€°8 8¢
6°Y¥G 61 6°EFL TIL : T°7T+8°8 1
0°9+E£°0¢ 8°8F1°9¢ 6°2%6°¢€T 0 qII
8 TF1€C L°T¥C769 G'0¥e"L 7t
276 0C . 6TTFEL8S T4°0T o . BII
8 3 3
184 9} 8IpAYOqIR) ue301d 4eq dnoap
Lep god vy1deo aod UOTINQTILSTIP OTIOTRD q09(qng

II ruswtaadxe ur

syoefgns Jo KLep aad ®yrdes xed qowpdpﬂnpmﬂc 0TJI0TED JO afejueoaed JOo WIS 3 SuBs £T-¢ °TQBL



.36

‘cant difference in percentages of carbohydrate and fat intake were
found between day O vs day 14 of subjects in group IIa and only
significant percentage of fat intake was found between day O vs day 14

in subjects group Iib.
3.2.2 Age and anthropometric measures of subjects in experiment II

Table 3-14 shows the means * SEM of age, height, body weight
and body mass index. There were significant differences in body weight
percent standard of weight-height and body mass index only day 0 vs

day 14 in subjects group IIa.

3.2.3 Hemoglobin, hematocrit, serum total protein and albumin

levels of subjects in experiment II

Table .3~15 shows the means * SEM of hemoglobin, hematocrit,
serum total protein and albumin levels of subjects in experiment II.
No significant differences were found in these parameters in both

groubs of subjects.

3.2.4 Serum cholesterol, triglyceride and sugar levels of

subject in experiment II

Table 3-16 shows the means * SEM of serum cholesterol,
triglyceride and sugar levels of subjects in experiment II. There was
significant difference in serum cholesterol levels between day O and
day 14 in group IIa. No significant difference in serum sugar level
between vérious pericds iﬁ bofh groups of subjects. However, there was
signifiéant difference in serum triglyceride levels between day O and

day 14 in group IIa and between day O and day 28 in group IIb.
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"3.2.5 Serum carnitine and urinary carnitine levels of subjects

in experiment II

Table 3-17 shows the means t SEM of serum carnitine levels
of subjects in experiment II. Only serum_free carnitine levels at
day 14 in group IIa and day 14 and day 28 in group IIb were signifi-
cantly different from day O. |

Table 3-18 shows the means * SEM of urinary carnitine
levels of subjects in experiment II.} In group Ila, signifigant
differences were found in urinary acylcarnitine and total carnitine
levels between day O and day 14. In group IIb, Significant differences
were found in urinary free carnitine, acylcarnitine, total carnitine

and acylcarnitine/free carnitine ratio in urine as 28 day period.

3.2.6 Relatibnship between carnitine'intéke and the variables of
total carnitine in serum and urine, energy intake, protein intake and
fat intake of subjects in experiment IT

Table 3-19 shows that there were significant positive
correlations between carnitine intake and energy intake (r = 0.56,
P<0.01) or protein intake (r = 0.86, P<0.001) or fat intake (r = 0.76,

P<0.001).

3.2.7 Relationship between various forms of serum carnitine
and the variables of various forms of urinary earnitine, serum choles-

terol and triglyceride levels of subjects in experiment II

.

Table 3-20 shows that there was significant positive

correlation between_serum free carnitine and cholesterol levels
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(r = ..,752, P<0.025), and significant negative correlation between

serum free carnitine and triglyceride levels (r = -0.5642, P<0.01).

Among the 7 food groups shown in Table 3-21 to Table 3-27,
the highest carnitine content was found in Cassia leaves (19.08 mg/
100 g) whereas pine apple contained the lowest carnitine amount

(0.27 mg/100 g).
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Table 3-21 Carnitine content of cereals, grain products, and starchy

roots
Food items Carnitine content,
= mg per 100 g edible portion
Common name Scientific name Total Free Acyl

Cereals and grain products

Glutinous rice, Oryza glutinosa
cooked ‘ " 1.41 0.36 1.05
flour | | 9.96  1.58  8.38
Corn, cooked . Zea mays . 3.82 1.68 2.14
Rice, Oryza sativa
noodle, cooked - 1.78 0.20 '1.58
flour 11.0 0.97 ‘10.03
~ Wheat, Triticum vulgare
flour | | 9.22 1.29 7.93
gluten ' 1.85  1.03 0.8

Starchy roots

'Taro, cooked Colocasia 1.33 0.66  0.67
| esculenta
Sweet potato, tuber, Ipomoca batatus 1.23 0.72 0.51
cooked a
Cassava, Manihof esculenté
cooked ' 3.40° 0.80 2.60

flour | 17.02  2.42  14.60
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Table 3-22 Carnitine content of nuts, seeds and their products

Food items Carnitine content,
: mg per 100 g edible portion
Common name Scientific name Total Free Acyl
Peanut, Arachis hypogaea
cooked 2.27 1.23 1.04
Kayasat ; 3.61 1.14 1.47
Coconut, Cocos nusifers
Young > 2.76 0.18 2,58
Mungbean, ‘ Phascolus aureus
cooked 2.97 2.09 0.88
Soybean, Glycine max
cooked 3.10 1.78 1.32
milk 0.25 0.12  0.13
sauce, light, thin- 1.96 , 1.03 0.93
curd, tofu ' 1.04 0.75 0.29
curd, cheese, raw =~ 1.31 0.89 0.42
curd, cheese, cooked 1.20 1.10 0.10
curd cake, ferment ) 2.32 1.39 0.93
Ricebean, seed Phascolus ecalcaratus
cooked ' A 3.18 1.29 1.89
Cowpea, seed, Vigna, spp

cooked ‘ ‘ 4 .63 2.20 2.43
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Table 3-23 Vegetables containing 0-1.5 mg of total carnitine per

100 g

Food items

Carnitine content,

mg per 100 g edible portion

Common name Scientific name Total Free Acyl
Onion, mature Allium cepa 0.57 0.06 0.51
Cucumber, Cucumis sativus

small 0.60 0.33 0.27

large 0.71 0.39 0.32
Radish, ‘Raphanus satuvus

cooked 0.92 0.37 0.55
Angled-type gourd, Luffa acutangula

fruit ' 0.97 0.65 0.32

fruit, cooked 0.70 0.44 0.26
Egg plant Solanum xanthocarpum 1.07 0.67 0.40
Lotus stem, cooked 1.07 0.20 0.87
Waxgourd, Benincasa hispida

Taw ' 1.10 0.30 0.80

cooked 0.64 0.32 0.32
Tomato, ripe Lycopersicon esculentum 1.35 0.67 0.68

cooked - 0.98 0.45 0.53
Egg plant, white, Solanum melongena _

raw 1.39 0.55 0.84

cooked 1.26 0.76 0.50
Lemon-grass Cymbopogon citratus 1.42 0.83 0.59
Wild ginger Kaempferia pandurata 1.44 0.81 0.63
Bitter melon, Momordica charantia

Chinese, cooked 1.45 0.74 0.51

Thai, cooked 1.49 0.78 0.71
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Table 3-24 Vegetables containing 1.5-3.0 mg of total carnitine per 100 g

Food items Carnitine content,

mg per 100 g edible portion

Common name Scientific name Total Free Acyl
Caulifiower, Brassia oleracea

cooked var, botrytis 1.53 0.41 1.12
Swamp cabbage, Chinese, Ipomoea reptans '

raw 1.56 1.15 0.41

cooked 1.09 0.48 0.41
Bamboo shoot, Bambusa sp

~cooked ' 1.62 0.13 1.49
Corn, young, Zea mays

cooked 1.69 0.90 0.79
Mushroom, Chinese Agaricus bretscheideri

cooked 1.78 0.91 0.87
Chinese leek, Allium adorum

flower, raw 1.81 0.58 1.23

flower, cooked 1.51 0.89 0.26

stem, raw 2.57 1.81 0.76

stem,cooked 1.37 0.99 0.38
Yard-long beans, green, Vigna sinensis : :

raw var, sesquipedalis 1.88 1.52 0.36

cooked ™ 1.45 1.21 0.24
Lettuce Lactuca indica 1.92 0.74 1.18
Celery, Chinese Apium graveolens 2.05 1.68 0.37
Mustard greens Brassica juncea 2.08 1.42 - 0.66
Mushroom, straw, Volvaria esculenta

cooked ' 2.32 1.02 1.30
Jew's ear, Auricularia porilyteha

cooked ' 2.45 0.85 1.60
Squash, fruit, Cucurbia maxima

raw .47 0.49 1.98

cooked 1.14 0.53 0.61
Celery cabbage, Brassica pekinensis

raw 2.65 2.04 0.61

cooked 0.57 0.20 0.37
Pickled Chinese mustard Brassica sp 2.97 0.52 2.45
Sugar pea, young, Pisum sativum

cooked 2.24 0.54 1.70




Table 3-25 Vegetables containing 3.0-5.0 mg of total carnitine per

100 g
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Food items

Carnitine content,

mg per 100 g edible portion

Common name Scientific name Total  Free  Acyl
Cabbage, Brassica oléracea
raw var capitata. 3.47 1.63 1.84
cooked 1.18 0.75 0.39
Ginger, shoots Zingiver officinale 3.77 2.73 1.04
Water minosa, Neptunia oleracea
raw 4,04 2.24 1.80
cooked 2.76 1.09 1.67
Sweet pepper, green, Capsieum annuum
loﬁg var, éooked var, grossum 4.07 1.51 2.56
Pepper, leaves, Piper sarmentasum
rew 4,12 1.94 2.18
cooked 2.99 2.26 0.73
Basil, sweet, 1eavés, Ocimum basilicum
raw 4.28 1.71‘ 2.57
cooked 3.83 1.95 1.88
Basil, sp, leaves Ocimum sanetum
raw 434 2.21 2.13
cocked 2.38 1.69 0.69
Basil, hoary, leaves Ocimum ca;um 4.53 | 0.85 3.68
Banana bud and flower. Musa sapientum 4.73 2.57 2.16
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Table 3~20 Vegetables containing of above 5 mg of carnitine per 100 g

Food items Carnitine content,
mg per 100 g edible portion
Common name Scientific name Total Free Acyl
Mungbean, sprout, Phaseolus aureus .
Taw ‘ 5.30 2.89 2.41
cooked 4 .64 2.27 2.37
Neemn, Azadirachta indica
raw 5.36  1.89  3.47
cooked 3.23 1.16 2.07
Coriander, leaves and stems Coriandrum sativum 5.43 2.82 2.61
Ivygourd, leaves Coccinia indica 5.63 1.28 4.35
Chinese cabbage,leaves and Brassica chinensis ,
stems, raw 7.41 3.57 3.84
cooked 2.10 1,07 1.03
Coral leaves Erythrina fusca 9.16 11.86 7.30
Collard, leaves and stems, Brassica oleracca _
raw var accephala 10.91 4.12 6.79
cooked 1.58 1.26 0.32
Acacia, sp, leaves, Acacla spp
raw 11.77 4.96  6.81
cooked 2.06 1.27 0.79
Lead tree, leaves, Leucaena glauca
raw | 12.30 ho52 7,78
cooked o 3.72 1.39 2.33
Cassia, leaves,  Cassia siamea
raw | | 19.08 10.10 .8.98
cooked 10.11 3.83 6.28
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Table 3-27 Carnitine content of fruits, milk and milk products, and

sugar

Food items

Carnitine content,

mg per 100 g edible portion

Cormon name

Acientific name Total Free Acyl
Fruits
.Pine apple Ananas comosus 0.27 0.15 0.12
Water melon Citrullus vulgaris 0.62 0.23 0.39
Pomelo Citrus grandis 0.63 0.18 0.45
Jujube Ziziphus jujuba 0.72 0.30  0.42
Orange Citrus reticulata 0.80 0.32 0.48
Apple Pyrus maivs 1.06 0.11 0.95
_ Guava Psidium guajuva 1.15 0.64 0.51
Rambutan- Nephelium lappaceum 1.18 0.96 0.22
Mangosteen Garcinia mangostana 1.22 0.67 0.55
Langsat ’ Lansium domesticum 1.24 0.78 0.46
Native melon, mature  Cucumis melo 1.47 0.38 .1.09
Lemon, fruit Citrus limon 1.70 0.39 1.31
Sugarapple Annona squamosa 1.87 - 1.50 0.37
Papaya, ripe Carica papaya 2.10 0.57 1.53
Banana Musa sapientum 2.48 0.97 1.%91
Durian Durio zibethinus 3.30  0.22 0.08
Milk and milk product
Cow milk, .
whole milk 1.51 0.79 0.72
evaporated milk 1.52 0.97 0.73
sweetened milk 1,02 0,67 0.35
Coffee mate 2.35 0.33 2.02
Sugar
Sugar, white Saccharum officinarum 0.67 0.16 0.51
Jaggery ' 1.44 0.40 1.%4




CHAPTER IV

DISCUSSION

#

4ol Studies in omnivores and vegetarians
4.1.1 General nutrition status

The word "vegetarian" has referréd to a person who
abstains from the conéumption of meat, fowl and fish as food, with or
without proscriptions on eggs and/or dairy food (50). Individuals
who practice vegetarianism can be differentiated further according to
the proseriptions of these dietary patterns. Thus, there are lacto-
ovo vegetarians who consume dairy food and eggs in addition to foods
of plant origin, lacto-vegetarians who consume dairy foods, frultarians
whosé diets allow only raw or dried fruits and nuts, honey and/or
olive oil, and vegans who precribe all animal foods. In present study,
all of vegetarian priests were vegans whereas out of 82 vegetarian
laymen, 73.6% were vegans, 11.8% were lactovegetarians and 14.6% were
lacto-ovo-vegetarians. |

The American Dietetic Association recognizes that well-
planned vegetarian diets are consistent with good nutritional stafus
(50). Héwever, ill—planned or restrictive vegetarian diets may
compromise'nutrition adequacy. Most vegetarian diets fend to be high
in bulk; therefore, meeting caloric needs, particularly of young
children, may be difficult (51). Because of diminished caloric intake,

dietary protein is préferentially metabolized to provide energy rather
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then to maintain’ tissue protein and other protein ﬂzhctiohs. Under
these circumstances, recommended protein intake may become marginal.

In present study, the protein-calorie status of the
subjects was evaluated by dietary assessment, anthropometric measure-
nments, and serum albumin levels. _Both omnivoroﬁs and vegetarian men
had sigﬁificantly higher energy intake than women. This was due to
the higher intake of protein or carbohydrate in men than women
(Table 3-1). Both vegetarian priests and laymen had significantly
lower protein, carbohydrate and fat intake than the corresponding sex
of omnivores; These lead to the significantiy lower energy intake
in vegetarians than ommivores. Such findings could be explained by
the fact that all of the vegetarian priests consumed only one meal
per day. The energy intake of vegetarian laymen fell between omnivores
and vegetarian priests, approximately 67.9, 2559 and 6.2% of vegetarian
laymen consumed 1, 2 and 3 meals, respectively.

It is well established the ﬁriceps skinfold thickness
represents fat store, upper arm muscle circumference representsvthe
skeletal muscle mass, and mid upper arm circumference is the composite:
measure of two parameters whereas the body weight refects the whole.
body tissue (40). Data from diverse populations have indicated that
the superiority of body mass index as the index of relative weight
wpich is best correlated with other. Measures of obesity, such as
skinfold thickness, is least correlated with height and independent of
weight (42). |

Table 3-3 shows that men was significantly taller and

heavier than women, both in ommivores and vegetarians. Similar
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.findings were found for mid upper arm circumference and upper arm
musclg circumference_wheréas the opposite result was observed for
triceps skinfold thickness (Table 3-4). These are consistent with the
existing knowledge (40,42).

Based on 90% standard of anthropometric measures as the
threshold level for inadequéte protein-calorie status, it was found
that out of 144 vegetarians, 72.2 according to triceps skinfold thicks -
ness and 74;3% according to upper arm muscle circumference had
inadequate energy and protein store, respectively. These agreed with
the finding that 67.3 of 144 vegétarians had the body mass index being
1éés than 20 kg/m2. The corresponding figures in 80 omnivores were
51.3% for tricep skinfold thickness, 35% for upper arm muscle circum-
ference and 60.1% for body mess index. Thus the.anthropometric datas
indicate inadequate profein—calorie stagﬁs in both omnivores and
vegetarians. However; there were no significant differences in body
welght, BMI, tricepskinfold thickness and mid upper arm circumference
between ommivores aﬁd vegetarians (Table 3-4), despite of the lower
energy intake in the latter group. This could be explained by the
fact that daily physical activity in vegetarians was less than
omivores.

Determinatibn of serum albumin is one of the parameters
employed to assess the visceral protein status (52). It is more
sensitive and specific than serum total pfotein in assessing.protein
nutritional status. In this study, 3 out of 80 omnivores (3.8%) and 1

out of 144 vegetarian (0.7%) had serum albumin being less than 3.5 g/dl.
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It was observed that male priests, female priesfs and female laymen
had Significantiy higher mean serum albumin level than the corres-
ponding sexes of omnivores (Table 3-5). Thus, both omnivores and
vegetarians could maintain their visceral protein status despite of
inadequate protein-calorie status evidenced by anthropometric data.

| The richness.of plant foods in many vitamins and minerals
is well known. There are, however, a fex exceptions which are matters
of concern in total plant dietaries (50). These include vitamin B-12
and iron which are esséntial for hemoglobin synthesis. Sanders et al
(53) had carried out the hematological status in 34 British vegans.
‘The blood coupts and films were normal in all the vegans and no
subject had a hemoglobin concentration below tha lower 1limit of nor-
mality. However, the mean serum vitamin B-12 concentration was lower
in the vegan not taking vitamig B-12 supplement and in those using
food supplemented with the vitamin than in the controls but none of
the subject had vitamin B-12 of being less than 80 ng/l. Studies by
Armstrong et al (55) also revealed that Seventh-Day Adventist
vegetarians had a significantly lower serum’B—lZ level than non-
vetetarians. However, there was no significant differenge in the
prevalence of low hemoglobin levels between the two groups.

In our study, the effect of sex on hematocrit level was
found both in omaivores and'vegetariéns (Table 3-6) which agrees with
the existing knowledge (44). The significant lower hematoerit levels
in male priests, male and female laymen than the corresponding sexes

of omnivorés may indicate the inadequacy of nuirients being necessary
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for hemoglobin synthesis. This needs further investlgation. Baséd
on the hematocrit levels being less than 39% in males and 36% in
females for diagnosing anemia, the prevalence of anemia in omnivores
was none in males and 4.3% in females, the prevalence; of anemia in
male and female priests were 15.6% and 23.5%, and’the prevalences of
anemia in male and female laymen were 25.6% and 32.8%, reépecti&ely.
Sanders et al (54) had assessed the serum cholesterol and

triglyceride concentrations in 22 British vegans and 22 omnivores.

It was found that serum cholesterol and triglyceride concentrations

were significantly lower in vegans than in omivores. In present

study, there were no significant differences in serum cholesterol and

triglyceride levels between vegetarians and omivores (Table 3-5).
This could be explained by the study of Sanders et al (55) and
Tenphaichitr et al (56) which showed that the lindleic acid. intakes

of vegetarians and omnivores were adequate, i.e., 12.3% and 10.6% of

their caloric intake. We also observed significantly lower serum

sugar level in vegetarian priests than omnivorous men (Table 3-6).
4.1.2 Carnitine status
/

Two forms of carnitine, free and acyl carnitine, are
present. both in serum and urine (57). Studies by Tanphaichitr et al
(2) and Lerdvuthisopon and Tanphaichitr (57) have demonstrated that

the determination of serum and urinary carnitine levels can be used

as the ihdices of carnitine status in man.

Table 3-1 clearly shows that carnitine intake was signifj-

cantly lower in vegetarians than in omnivores. This can be explained
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by the fact that plant foods contain carnitine less than animal foods
(2) (Tables 3-21 - 3-27).

Table 4-1 and 4-2 summarizes serum or plasma carnitine
levels in man reported by various investigators. Thevaere determined
by enzymatic radioisotopic (Table 4-1) (2,58-67) or enzymatic colofi-
metiec methods (Table 4-2) (68-72). It was found that mean serum free
and total carnitine levels were higher in our omnivores than siubjects
in other reports whereas these value ﬁere lower in our vegetarians
than subjects in other reports. The difference in these results could
not be interpreted because there are several factors encountered such
as, (a) different assay methods were used; (b) most 5f the reports
did not provide the information about age, sex and nutritional status
of the subjects; (c) the information on fasting or non-fasting state.

DiMauro et al (68) and Tanphaichitr et al (%2) have shown
the sex effects on serum carnitine leveis. We had also observed that
serum free and total carnitine level in omnivorcus males, serum free
 carnitine in male priests, and a“ylcarnltlne level in male laymen were
significantly higher than those in the corresponding group of females
(Table 3-7).

Based on the relafionship between lysine and carnitine as
precursor and'product and the lower carnitine in plant foods than
animal foods,.TanbLnichitr and Broquist (73) have suggested that popu-
lation subsisting on cereal-based diets may develop carnitine deficiency.
This is evidenced by the studies'of Tanphaichitr et al (2) in Thai

adults and Khan-Siddiqui and Bamji (72) in Indian adults. Their studies
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-also showed that low serum carnitine level ceexisted with protein-~
calorieAmalnutrition. Though the anthropometric measures in our
omnivores and vegetarians revealed inadequate protein-calorie status
the mean body mass indexes in both groups were not significantly
different (Table 3f3). However, the serum free, acyl and total
carnitine levels were significantly loWer in vegetarians than
omnivores (Table 3-7). These could be due to (a) the significantly
lower carnitine intake in vegetarians than in omnivores and (b) the
significantl; lower pretein intake in vegetarians than in ommnivores
(Table 3-1) which would lead to lower lysine and methioning intake
in the former group. Such explanations were supported by the
significant positive correlations between carnitine intake and serum
total carnitine, and between carnitine intake and protein intake
(Table 3-9). |

Table 4-3 summerizee the urinary free carnitine excretion
reperted by various inveétigators (36,67,71,74-785. It was found that
urinary free carnitine excretion in our oﬁnivores was higher than_those'
reported by the Swedish, American and Canadian groups, and lower than
- those reported by the Japanese investigators whereas the level in our -
vegetarians was lower than the other reports. Like the serum carnitine,
it is difficult to evaluate this difference since there are several
factors affecting the ievel of urinary carﬁitinelexcretion too,'the
Japanese.workers used.a colorimetric assay while the other ueed
enzymatic method to determine carnitine. The values reported by theee

investigators were free carnitine. 1In our studies, we used enzymatic-
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radioisotopic method and the analysed included total, free and acyl-
carnitine.

Mitehell,(38) have suggestive evidence that diet can change
urinary excretion of carnitine. By using enzymatic method, he
measuréd urinary carnitine in a subject consuming 2 types of dietg
He foﬁnd that urinary total carnitine excretion was 202 umole per day
during the meat diet and 15 umole per day during vegetable diet.
Cederblad et al (74) and Suzuki et al (76) gave thesame information
about the effect of diet on carnitine excretion. Tanphaichitr et al
(32) have also shown that the low serum and urinary free carnitine
levels inUbol adults were due to the low intakes of carnitine and/or
lysine. In present studies, the urinary free, acyl and total carnifine
exgretions were significantly lower in vegetarians than in omnivores
(Table 3-8). Such findings were due to the lower intakes of carnitine
and protein in vegetarians than-omnivores (Table 3-1). These were . .-
supported by the significant positive correlation between cafnitine
intake and urinafy total carnitine exeretion (Table 3-9).

_Sex and age are reported to have significant effects on
urinary free carnitiné excretion by Maebashi et al (75). Urinary free
carnitine excretion was lower in women than in men. Similar finding
were reported by Cederblad and Lindstedt (74) and Tenphaichitr et al
| (2). Maebashi et al (75) also found that urinary carnitine excretion

in the aged group (>51 yr) was lower than that in adult (16-50 yr) and

the youth (<15 yr) (Table 4-3). Low urinary carnitine excretion was J
also observed in boy (77). This difference may be related to age and J

body mass.
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In present study, urinary free, acyl and total carnitine
excretion in omnivorous males and vegetarian males were higher than
those in the corresponding groups of females. However, the difference
was significant oniy for urinary free carnitine exeretion in‘omnivores-
and urinary acyl and total carnitine excretion in vegetarian laymen
(Table, 3-8).

Rudman et al (69) reported that normal adults,:with a
carnitine intake of 380 to 450 umoles ber day, exereted similar
amounts of total carnitine in urine. However, when they were fed an
oral diet with less than 10 umoles of carnitine, but containing 2200
to 2400 kcal, 80 to 90 g protein with 3200 to 3400 mg lysine and 2000
to 22QO mg methionine, their urinary total carnitine excretion was
100 umoles per day. Similar findiné were observed in a patient with
protein-calorie 'malnutrition by Tanphaichitr and Lerdvuthiscpon (67)
while receiving daily 16 moles of carnitine, 3124 to 3362 kcal, 52.7
to 54.1 g amino acids containing 9030 to 9260 mg lysine and 3980 to
. 4080 mg methionine, he excreted 127 to 162 Umoles‘of total carnitine.
However, in patients who underweight, operation and/or developed
infection, urinary total carnitine excretion significantly incressaed
2 - to 7 - fold that of normal levels. Pakpeankitvatana and Tanphaichitr
(79,80) had carried out the study of the influence of egg protein intake
on carnitine status in adult males. >They found that when the squects
weré fed the protein-free and carnitine free diet containing 2548 keal
their urinary total carnitine excretion was 517 mmoles per day;

However, when they were fed the same order of energy supply with_
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different intake of egg protein, i.e., 0.2, 0.35, 0.50, 0.55, 0.65,
0.70 and 0.85 g/kg/day and the respective intake of preformed carnitine
of 7, 12, 18, 20, 24, 25 And 30 umoles per dsy, fhey éxcreted the
following amounts of urinary total carnitine: 146, 84, 92, 77, 70, 69
and 89 umoles per day. Their data suggested that lysine and methionine
‘present in the egg protein were effectively utilized for carnitine
biosynthesis under the stringent carnitine economy when the protein
intake was adequate. The carnitine biosynthetic rate was probably
about 100 umoles per day. They also pointed out that the significant:
increase in urinary total carnitine excretion in subjects on the
protein-free was due to tﬁe stress stimuli including lack of protein
and carnitine intake with a daily fat intake of 79 g.

The carnitine intake in our omnivorous men and women were
68.4 and 52.1 mg (Table 3-1) which were equivalent to 422 and 321 umoles.
They also excreted the similar amounts of total carnitine in urine,
i.e., 412 and 358 umoles per day (Table 3-8). This agreed with the
report of Rudman et al (69). While the carnitine intake in male
priests, female priests, male laymen, and female laymen were 28.9,
22.8, 23.6 and 19.9 mg (178, 140, 145 and 123 wumoles) (Table 3-1)
they excreted the following amounté of total carnitine in urine:. 99,
182, 104 and 90 umoles per day. This also agreed with the reports of -
Rudman et al (69), Tanphaichitr and Lerdvuthisopon (67), and
Pakpeankitvatana and Tanphaichitr (79,80). Since the fat intake was
significantly lower in vegetarians than in ommivores (Table 3-1) and

the carnitine intake in vegetarians exceeded their ufinary total
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carnitine excretioﬁ (Table 3~1 and 3-8) suggested'that they could
maintain>their carnitine status.

The relationships between‘carnitine intake and the variables
shown in Table 3-9 as well as between various forms of serum carnitine
levels and variables shown in Table 3-10 were generally agreeable with
the previous reports_(57,79). However, we had observéd a negative

correlation between serum total carnitine and albumin levels (Table3-11)..

[

4.2 Studies in experiment II
4.2.1 General nutrition status

.The lower mean energy intake in group IIa at day 14 than at
' day O was due té the significant lower intakes of carbohydrate, protéin
and fat with significant difference for the latter two nutrients. In
group IIb,-lower energy intake was also observed during consuming
vegetarian diet. The lack of statistical difference was due to the
small number of subjects in the group (Table 3-12). The s%gnificant
decrease in body'weight at day 14 in group IIa (Table 3-14) could be
explained by their lower energy intake during conéuming the vegetarian
diets (Tables 3-12 and 3-13). However, there wére no significant
changes in hemoglobin, hematocrit, serum total protein and albumin ~
levels during consuﬁing vegetarian diets both in group IIa and IIb
(Table 3-15). . o

There are evidences indicating that serum cholesterol and

triglycerides levels lower in vegetarians than in omnivores (56).

Walden et al (8l) reported that the habitual lacto-ovo-vegetarian diets
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of their subjects consisted of 11% saturated fat, 9% monounsaturated
fat, 10% polyunsaturated, 15% protein, 55% carbohydrate of total
dietary energy. After these sugjects consumed  the modified diets
which consisted of 5% saturated fat, 5% monounsaturated fat, 20%
polyunsaturated fat, 15% protein and 55% carbohydrate of total
dietary energy for.12 weeks their bddy weight and serum cholesterol
- level decreased but serum tbiglyceride level increased., We also
observed the decrease in serum cholestérol'level even at 2 weeks
after consuming vegetarian diets, and decrease in body weight with
concomitant increase in serum triglyceride level (Tables 3-14 and

3-16).
4,2,2 Carnitine status

It is clear from the study in Experiment IIvthat vegeta-
rian diets caused the significant reduction in carnitine intake.
Significant decrease in energy, brotein and fat{intake was observed
during consuming #egetarian diets (Table 3-12). This was due to the
fact that the vegetarian diets were bulky. ?he‘subjects had the
feéling that their stomachs were full earlier during consuming
vegetarian diets than during consuming their habitual omnivorous
diets. The'low carnitine and protein intakes lead to the decrease
in serum and urinary total carpitine levels (Tables .3-17 and 3-18).

»Howe#er, the serum and urinary total carnitine levels in subjeets in
Experiment II during consuming vegetarian diets were.stillrhigher thaﬁ
those in vegetarians in Experiment I. These could be explained as

follows: (a) the study in Experiment II was a short term experiment
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whereas most of the sutjects in Experiment I had éonsumed the vegetarian
diets more than one year and (b) the negative energy balance ;videnced
by the significant decrease in bodybweight in subjects in Experiment
IT acted as a stress stimulies to caﬁse the endoerine responsés which,
in turn, would lead to a catabolic response of skeletal muscle the
storage site of body carnitine (67). This was supported the finding
that their-urinary total carnitine excretion exceeded their carnitine
inteke (Tables 3-12 and 3-13). '

Patients receiving intravenous fat emulsion havé been
reported to experience significant deerease in serum carnitine (82,83)
and urinary carnitine levels (82). This may be due to increased
requirement and utilization of carnitine by the tissues for metébo-
lizine fat. Studying in rats by Seccombe et al (84) showed that
arert from the quantity of fat, quality also seems to affect serum
totalvcarnitine and its distribution into free and acyl forms. A
high-fat diet containing long-chain fatty acids reduced serum free
as well as total carnitine levels, whereas a high-fat diet containing
medium-chain fatty acids reduced serum free carnitine but raised
acylcarnitine levels, thus‘raising the ratio of acyl/free carnitine
but not affecting the serum total carnitine level 31gnif1cantly.
Slmllar finding were observed in Indian subjects who recelved fat
supplement as butter'which contained the medium-chain fatty acids(72).
In present study, there was no significant change in the serum acyl-
carnitine/free carnitine ratio when the subjects switched from

omnivorous to vegetarian diets because our dietary condition was
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different from the study of Khan-8iddigui and Banji (72). During
consuming vegetarian diets, the subjects had significant decrease in
fat, protein and carbohydrate intake (Table 3-1).

In Experiment II, we obser&ed the significant pbsitive
correlation between carnitine intake and the following parameters:
total energy intake, protein intake, and fat intake (Table 3-19). The
There was also significant positive correlation between serum carnitine.
and cholesterol levels whereas there was negative correlation between.

serun and triglyceride levels (Table 3-20).
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CHAPTER V

SUMMARY

The study consisted of é experiments. Experiment I was conducted
in 2 groups: omnivorous and vegetarian adults. Omnivorous group con-
sisted of 10 men and 70 women. Vegétarian group consisted of 45 male
priests, 17 female priests, 21 male laymen and 61 female laymen. The
éubjécts in Experiment II consisted of 2 male and 9 female voluntéers.
The agés of supjects in Experiment I and II ranged from 15 to 60 years
and from 24-44 years, respectivel&.

Anthropometric measures, dietary intake by 24 hours dietary recall
method, hemogldbin, hematocrit, platelet count, serum total protein,
albumin, cholesterol and triglyceride levels'as well as Qarnitine
concentration in serum and urine were assessed in these subjects. The

results of the study were summarized below.

5.1 Experiment I
5.1.1 Genefal nutritional status

Based on dietary assessment, men had higher energy intake
than women hoth in @mnivores and vegetarians. Men and female priests
héd‘sigﬁificant lower energy intake than the corresponding sexes of
omnivores because the former groups consumed only one meal per day.
The energy intake of vegetarian laymen fell between omnivores and

vegetarian priests because subjects in this group consumed 1-3 meals
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per day. Bothvvegetarian priests and laymen had significantly lower
protein, carbohydrate and fat than the corresponding sexes of omnivores.
| Based on 90% standard of anthropometric measures as the
threshold level for inadequate protein-calorie status, it was found
that out of 144 vegetarians, 72.2% according to triceps skinfold
thickness and 74.3%.acéording to upper arm muscle circumference had
inadequate energy and protein storé, respectively. These agreed with
the finding that 67.3% of 144 vegetarians had body mass index being
less than 20 kg/mz; The corresponding figures in 80 omnivores were
51.3% for triceps skinfold thickness, 85.0% for ugper arm muscle
circumfefence and 60.1% for body mass index. Thus the anthropometric
data indicate inadequaté protein-calorie status both in omnivores
-and vegetarians.

In present study, 3 out of 80 omnivores (3.8%) and 1 out
of 144 vegetarians (0.7%) had serum albumin level being less than
3.5 g/dl. It was observed that male priests, female priests and
female laymen had significently higher mean serum albumin level than
corresponding sexes of omniv;res.

The efféct of sex on hematocrit level was found in
omivores and vegetarians. The significant lower hamatoerit levels
in male priests; male and female laymen than the corresponding éexes
of omnivores may indicate the inadequacy of hutfients being necessary
for hemoglobin synthesis. The prevalence of anemia in omnivores
were none in male and 4.3% in females, the prevalence of anemia in

male and female priests were 15.6% and 23.5% and the prevalence of
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anemia in male and female 1;ymeg were 25.6% and 32.8%, respectively.
The total fat intake in omnivores and vegetarians were
below 30 and 35% of dietary energy, respectively. In present study,
there no significant differences in serum cholesterol and triglyceride
levels between vegetarians and omhivores which could be explained by
the adequate linoleic acid intake of vegetarians and omnivores, i.e.

12.3% and 10.6% of their caloric intake, respectively.
5.1.2 Carnitine status

The carnitine intake was significantly lower in vegeterians
than in omnivores. This ean be explained by the fact that the plant
foods contain carnitine lesg than animal foods. ‘

Sex affected the serum carnitine levels,'i.e., the serum
carnitine levels in male groups were significantly higher than those
in the eorresponding group of females.

The serum free, acyl and total carnitine levels were
significantly lower in vegetarians than in omnivores. These could be
due to (a) the significantly lower carnitine intake in vegetarians
than in omnivores and (b) the significantly lower protein intake in
vegetarians than in omeivores which would. lead to lower lysine and
methionine intake in the former group. These were supported by the
significant positive correlations between carnitine intaké and serum
total carnitine level and between carnitine intake and protein intake.

The urinary free, acyl andltotal carnitine excretions were
significantly lower in vegetarians than in omnivores. These could be

due to the lower intakes of carnitine and protein in vegetarians than
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in omnivors. These.w?re supported by the significant positive corre-
lation between carnitine intake.and urinary total carnitine excretion.

Ufinary free, acyl and total carniiine excretions in
omnivorous males and vegetarian males were higher than those in the
corresponding groups of females. However, the difference was signifi-
cant only for urinary free carnitine excretion in omni%ores and
urinary acyl and total carnitine execretion in vegetarian laymen.

We found the positive correlations between carnitine
intake and total energy‘intake, protein intake and fat intake as well -
as between serum carnitine and urinary carnitine, cholesterol, and
triglyceride levels. However, there was a negative correlétion

between serum total carnitine and albumin levels.

5.2 Experiment IT

The 11 subjects (Group IIa) consumed vegetérian diets for 14 days.

Three of them (Group IIb) extended the study to 28 days.
5.2.1 General nutritibnal status

Based on dietary assessment the lower mean energy infake
in Group IIa at day 14 than at day O was due to significant lower
intakes of carbohydrate? protein and fat with significant differenée
for the latter two nutrients. In Group IIb, lower energy was also
obgerved during consuming vegetarian diets. The significant decrease
In body weight at day 14 in Grouﬁ ITa could be explained by their
lower energy intake during consuming the vegetarian diets. However,

there were no significant changes in other nutritional parameter
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during vegetarian diets both in Group IIa and IIb; We glso observed
the decrease in serum cholesterol level even at 2 weeks after consuming
vegetarian diets, and decrease in body weight with concomitant increase

in serum triglyceride level.
5.2.,2 Carnitine status

Experiment IT showed that vegetarian diets caused the
significant reduction in protein and carnitine‘intakes.. The low
carnitine and protein intakes lead to the decrease in serum and
urinary carnitine levels. However the serum and urinary.total carnitine
levels iﬁ Experimeﬁt IT during consuming'végetarian diets were still
higher than those in vegetarians in Experiment I which could be
explained by (a) the study in Experiment II was a short term eiperiment
whereas most of the subjects in Experiment I had consumed the vegeta-
rian diets more than cne year and (b) the negative energy balance
evidenced by the significant decrease in-body weight in subjects in
Experiment II acted as a stress stimulies to cause the endocrine
responses which, In turn, would lead to a catabolic response of
skeletal muscle, the storage site of body carnitine.

We observed the significant positive correlations between
carnitine intake and the energy intake, protein intake and fat intake
as well as significant positive correlation between serum carnitine and
cholesterol levels whereas there was a negafive correlation between
serum carnitine ahd triglyceride levels. However, the significance of

these findings to health needs further investigation.



REFERENCES

Fraenkel, G. Studies on the distribution of vitamin B, (ecarnitine).
Biol. Bull. 104 : 359-371, 1953 |
Tanphaichitr, V., Lerdvuthisopon, N., and Dhanamitta, S. Carnitine
status in Thai adults. Am. J. Clin. Nutr. 33 : 876-880, 1980
Tanphaichitr, V., Horne, D.W. and Broguist, H.P. Lysine: a
precursor of carnitine in the rat. J. Biol. Chem. 246 : 6364~
6366, 1971 &

Défioiehcy;of Cerritine end Its Pathway of Blosynthesis. Nutrition
Review. 36 : 305-309, 1978

Hulse,‘J.D., Fllis, S.R., and Henderson, L.M. Carnitine Biosyn-
thesis. J. Biol. Chem. 253 : 1654-1659, 1978

Hochalter, J.B., and Henderson, L.M. Carnitine Biosynthesis :

The Formation of Glycine from Carbons 1 and 2 of 6—N-trimethy1-i~
Iysine. Biochem. Biophys. Res. Commm. 70 : 364-366, 1976

Hulse, J.D., and Henderson, L.M. Carnitine Biosynthesis,

Purification of 4~N—Trimethylaminobutyrdldehy@e Dehydrogenase

from Beef Liver. J. Biol. Chem. 255 : 1146-1151, 1980

Zaspel, B.J., Sheridan, R.J., and Henderson, L.M. Transport and
Metabolism of Carnitine Precursors in Various Crgans of thé Rat.
Biochim. Biophys. Acta. 361 : 192-202, 1980

Carter, A.L., and Frenkel, R. The Role of Kidney in the Biosyn-
thesis of Carnitine in the fat. J. Biol. Chem. 254 : 10670-10674,

1979



10.

11.

12,

13.

14,

15.

16.

17.

76

Rebouche, C.J., and Engel, A.G. Tissué Distribution of Carnitine
Biosynthetic Enzymes in Man. Biochim. Biophys. Acta. 630 : 22-29,
1980

Rebouche, C;J.'and Engel,’A.G, Significance of Renal y-Butyro-
betaine, Hydroxylase for Carnitine Biogynthesis in Man. J.
Biol. Chem. 155 : 8700-8705, 1980

Fritz, I.B., -and McEwen, B. Effects of carnitine on fatty acid
oxidation by muscle. Seience 129 : 334-335, 1959

Fritz, I.B., Schulté, S.K., and Srere, P,A. Properties of
partially purified carnitine acetyl transférase. J. Biol. Chem,
238 : 2509-2517, 1963 |

Fritz, I.B., and Yu, K.T.K. Long chain carritime acyltransferase

and the role of acylecarnitine derivafives in the catalytic increase

of long chain fatty acid oxidation. J. Lipid. Res. 4 1 279-288,
1963

Hoppel, C.L., and Tomec, R.J. Carnitine palmitoyltransferase,

~chation of two enzymatic activities in rat liver mitochondria.

J. Biol. Chem. 247 : 832-841, 1972

Kobec, B., and Fritz, I.B. Properties of purified carnitine
palmitoyltransferase and evidence oflother carnitine acyltrans-
ferase. Can. J. Biochem. 49 : 941-948, 1971

Kopee, B., and Fritz, I.B. Comparison of prbperties of carnitine_
palmitoyltransferase I with thoée of .carnitine palmitoyltrans-

ferases. J. Biol. Chem. 248 : 4069-4074, 1973



18,

19.

20.

21,

22,

23.

2.
25.

26,

77

Pande, S.V. A mitochondrial carnitine écylcarnitine translocase
system. Proc. Natt. Acad. Sci. U.S.A. 72 : 883-887, 1975
Haddoek, B.A., Yates, D.W., and Garland, P.B. The localization:

of gome coenzyme A dependent enzymes in rat liver mitochondria.

'Bio. Chem. J. 119 : 565-573, 1970

Lumeng, L., Bremer, J., and Davis, E. Suppression of mitochondrial
oxidation of (-) palmitoylearnitine by the malate-aspartate and
L-glycerophosphate shuttles. J. Biol. Chem. 251 : 277-284, 1976
Orgm, J.F., Wenger, J.L., and Neely, J.R. Regulation of long
chain fatty acid activation in heart muscle. J. Biol. Chem.

256 73-78, 1975

Oram, J.F., Bennetch, S.L., and Neely, J.R. Regulation dfrfatty
aci& utilization in isolated perfused rat hearts. J. Biol. Chem.
248 1 5299-5309, 1973

Hochachka, P.W., Neely, J.R., and Driedzie, W.R. Integration

of 1ipid utilization with Krebé cycle activity in musele. Fed.
Proc., 36 : 2009-2014, 1977

Miller, L.L. Amino Acids Pools (Halden, J.T., ed) p 708-721,
Elsevier{‘New York 1962

McIntosh, D.E., ahd Brooks, J.E.A. Turnover of carnitine by

- rat tissue. Biochem. J. 148.: 439-445, 1975
‘Van Hinsbergh,vVlW., Veerkamp, J.H., Engelen, P.J.M., and
- Ghijssen, W.H. Effect of L~carnitine on the oxidation of leucine

_and valine by rat skeletal muscle. Biochem. Med. 20(1)

115-24, Aug, 1978



2.

28.

29.

30.

31.

32.

33.

34.

78

Bremer, J., and Davis, E.J. The effect of acylcarnitines on the
oxidation of branched chain a keto acid in mitochondria. Biochim.
Biophy. Acta. 528 : 269-275, 1978

Shrago, E. The effect of long c¢hain fatty acyl CoA esters on the

\adenine nucleotide translocase and mycardial metabolism. Life Sei.

22(1) : 1-5, 1978

McGarry, J.D., Robles-Valdes, C., and.Foster, D.W. Role of
carnitine in hepatic ketogenesis. Proc. Nat. Acad. Sci. U.S.A.
72 : 4385-4388, 1975

Yeh, Y.Y., Klein, L.B., and Zee, P. Long and medium chain
triglycerides increase plasma concentrations of ketone bodies in
sucking rat, Lipid 13 :1566-571, 1978

Roblés-Valdes, C., McGarry, J.D., and Foster, D.W. Maternalfetal
carnitine relationships and neonatal ketosis in rat. J. Biol.
Chem., 251 : 6007-6012, 1976

Hulsmann, W,C., Siliprandi, D., Ciman, M., and Silipradi, N.
Effect of carnitine on the oxidatiqn of a-oxoglutarate or

pyruvate. Biochim, Biophys. Acta 93 : 166-168, 1964

Brockhuysen, J., Baudine, A., and Deltour, G. Effect of carnitine

on acidosis and ketosis induced by lipid perfusions in dégs during
starvation. Biochim. Biophys. Acta' 106 207-210, 1965

Soling, H.D., and Appels, A. ‘Effect of L-carnitine on utilization
of ketoné bodies and glucose in eviscerated, nephrectionalized

rats. Biochim. Bi-phys. Acta 158 : 162-164, 1968



35.

36.

37.

38.

39.

40,

41,

42,

43.

79

Gravina, E., and Gravina-Sanvitale, G. Effect of carnitine on
b;ood acetoacetate in fasting children. Clin. Chim. Acta 23 :
376-377, 1969

Yeh, Y.Y. Antiketonemic and Antiketogenic Actions of Carnitine
in Vivo end in Vitro in Rats. J. Nutr. 111 : 831-840, 1981
Mitchell, M.E. Carnitine metabolism in human subjects I.
Normal metabolism. Am. J. Clin. Nutr. 31 : 293~306, 1978
arIsnanRaran i ing tududiula s0o N¥u  navlaruants nueundy

NYRNIAY, b&wo

Food Composition Table for Use in East Asia. Bethesda : Food
and Agriculture Organization of the United Nation and U.S.
Department of Health, Education and Welfare, 1972

Jellife, D.B. The assessment of the nutritional stétus of the
commnity, World Health Organization, Geneva, 1966

Hathway, M.L., and Foard, E.D. Heights and weights of adults
in the United States, Home Fconomics Research Report No. 10,
1960 |

Thomas, A.E., McKay, D.A., and Cutlip, M.B. A monograph method
for assegfing body weight. Am. J. Clin. Nutr. 29 : 302~304,
1976 |

McGarry, J.D., and Foster, D.W. An improved and simplified
radioisotopic assay for the detgrmihation of free and esterified
carnitine. J. Lipid. Res. 17 : 277-281, 1976

Cartwright, G.E. Diagnostic Laboratory Hematology, Cyrunne

and Stratton, New York, 1968, p. 103



80

45, Bender, G.T. Chemical Instrumentation : A laboratory manual based

46,

47.

48,

49.

50.

51.

52.

23.

54'

-on clinical chemistry, W.B. Saunders Co., Philadelphia, 1972,

p. 14-16

General Diagnostic. Albustrate serum albumin reagent for manual
and automated analyses. Warner—Lambert‘Co.,lNew Jersey, 1974
Searcy, R.L., and Berquist, L.A.‘ A new color reaction for the

quantitation of serum cholesterol. Clin. Chim. Acta 5 : 192-199,

1960

Van Handel, E., and Zilversmit, D.B. Micromethod for the direct
determination of serum triglycerides. J.ALab. Clin. Med. 50 :

152-157, 1957 |

Colton, T. Statisties in Medicine. Boston : Little, Brown and

Company, 1974

A.D.A. Reports. Position paper on the vegetarian approach to

- eating. J. Am. Diet. Ass. 77 : 61, July 1980

Hardinge, M.G. and Crooks, H. Non-fresh dietaries. J. Am. Diet.
Ass. 45 : 537, 1964

Bistrian, B.R., Blackburn, G.L., Scrimshaw, N.S., and Flatt, J.P.
Cellular immunity in semistraved states in hospitalized adults.
Am. J. Clin, Nutr. 28 : 1148-1155, 1978

Sanders, T.A.B., énd.Ellis,F.R. Haematélogical studies on vegeans.
Br. J. Nutr. 40 : 9, 1978 |

Armstrong, B.K., Davis, R.E., Nicol, D.J., Nerwyk, A.S.V., and
Larwood, C.J. .Hematological, Vitamin B-12 and folate studies on
Seventh-Day Adventis vegetarians. Am. J. Clin. Nutr. 27 :
712-718, 1974



56.

57,

58.

59.

/600

61.

81

Sanders, T.A.B., Ellis, F.R., and Dickerson, J.M.T. Studies of
vegans': The fatty acid composition of plasma choline phospho-
glycerides, erythrdcytes, adipose tissue, and breast milk, and -
some indicators of susceptibility to ischemic heart disesse in
vegans and omnivore controls. Am. J. Clin. Nutr. 31 : 805-813,
1978

Tanphaichitr, V. and Tangchurat, N : Essential fatty acid status
in adult patients receiving soybean-base formula. JPEN 5 :
107-109(2), 1981,

Lerdvuthisopon, N. Carnitine status in adult protein-caiorie
malnutrition. A Thesis submitted in partial fulfillment of

the requirement for the degree of Master of‘Science,.Mahidol
University, 1978

Cederblad, G.,*and Linstedt; S. A method for the determination

.of carnitine in theipicoqple'rapge. Clin. Chim. Acta 37.:

235-243, 1972

Cederblad, G., Lindstedt, S., and Lundholm, K. Concentration
of carnitine in human muscle tissue. Clin. Chim. Acta 53 :
311-321, 1974

Cederblad, G. Plasma carnitine and body composition. Clin.
Chim. Acta 67 : 207-212, 1976

B8hmer, T., Rydning, A. and Solberg, H.E. Carnitine levels in

human serum in health and disease. Clin. Chim. Acta 57 :

55-61, 197,



62.

63,

64.

65.

66,

67,

1 68.

69.

82

Karpati, G., Carpenter, S., Engel, A., Watters, G., Allen, J.,
Rothman, S., Klassen, G., and Mamer, O. The syndromé of
systematic éarnitine deficiency. Neurology 25 @ 16-24, 1975
Sehotte, H.R., Stinis,AJ.T., and Jennekens, F.G.I. Iow carnitine
levels in serum of pregnant woﬁen. New Eng., J. Med. 299 :
1079-1080, 1978 N

Ware; A.J., Burton, W.C., McGarry, J.D., Marks, J.F.,vand
Weinberg, A.G. Systemic carnitine deficiency. Report.of a fatal
case with multisystemic manifestationé. J. Ped, 93 : 959-964,
1978

B8hmer, T., Bergrem, H., and Eiklid, K. Carnitine deficiency
induced during intermittent haemadialysis for renal failure.
Lancet I : 126-128, 1978 |

DiDonato, S;, Cornelio, F., Balestrini, M.R., Bertagnolio, B.,
and Peluchetti, D. Mitichondria-lipid-glycogen myopathy,-hyper-
lactacidemia, and carnitine deficiency. Neurology 28 : 1110-1116,
1978 |

Tanphaighitr, V., and Lerdvuthisopon, N. Urinary cafnitine 7
excretion in suréical patients.on total parenteral nutrition.
JPEN, Vbl 5, No 6, 1981

DiMauro, S., Scott, C., Penn, A.S., and Rowland, L.P. Serum
carnitine : An index of muscle destruction in man. Arch. Neurol.
28 : 186-190, 1973

Rudman, D., Seweel, C.W., and Ansley, J.D. Defieciency of
carnitine in cachectic cirrhotic patients. J. Clin. Inv. 60 :

716-723, 1977



70.

71.

72.

73.

Th.

75.

76.

77.

83

Chen, S.H., and Lincoln, S.D. Increased serum carnitine concen-
tration in renal insufficiency. Clin. Chem. 23 : 278-280, 1977
Frohlich, J., Seccombe, D.W., Hahn, P., Dodek, P., and Hynie, I.

Effect of fasting on free and esterified carnitine levels in

human serum and urine : correlation with serum levels of free

fatty acids and B-hydroxybutyrate. Metabolism 27 : 555-561,
1978

Khan-Siddiqui, L., and Bamji, M.S. Plasma carnitine levels in
adult males in India : effects of high cereal, low fat diet, fat
supplementation, and nutrition status. Am. J. Clin. 33 : 1259-
1263, 1980

Tanphaichitr, V.;Vand H.P. Broquist. Lysine deficiency in rat :
concdmitant impairment in carnitine biosynthesis. J. Nutr.

103 : 80, 1973

Cederbiad, G., and Lindstedt, S. Excretion of L-carnitine in
man, Clin. Chim. Acta 33 : 117-123, 1971

Maebashi, M., Kawamura; N., S-to, M., Yoshinaga, K.,.and

Suzuki, M. Urinary excretion of carnitine in man. J. Lab. Clin,
Med. 87 : 760-766, 1976

Suzuki, M., Kanaya, M., Muramatsu, S., and Takahashi, T. Effects
of carnitine administration, fasting and exercise on urinary
carnitine excretion in man. J. Nutr. Sci. Vitaminol. 22 :
169-174, 1976 |

DiMauro, S., and Rowland, L.P. Urinary excretion of carnitine in

Duchenne muscular dystrophy. Arch. Neurol. 33 : 204-205, 1976



78,

79.

80.

81.

82.

83.

84.

84

Maebashi, M., Kawamura, N., and Yoshinaga, K. Urinary éxcretion
of carnitine in progressive muscular dystrophy. Nature 249 :
173-174, 197,

Pakpeankitvatana, R. Influence of dietary intake on carnitine
status in Thai adult males. A Thesis submitted in partial
fulfillment of the requirement for the degree of Master of
Science, Mahidol University, 1978 | |

Vichai Tanphaichitr, and Ratana Pakpeankitvatana. Effects of
egg protein intake on urihary carnitine excretion in adult males.
Abstracts XII International Congress of Nutrition, August 16-21,
1981, San Diego, California, U.S.A., 114 : 648

Walden, R.T., Schaefer, L.E., Lemon, F.R., Sunshine, A., and
Wynder, E.L. ‘Effect of environment on the serum cholesterol,
triglyceride distribution among Seventh-Day Adventists. Am. J.
Med. 36 : 269-276, Feb, 196/

K8nig, Barbara, McKaigney, Eimear, Conteh, Syrfo, and Ross, Brain.
EffectAof a 1lipid load on blood and urinary carnitine in man.
Clinica Chimica Acta, 88 (1978), 121-125

Schiff, D., and Seccombe, D. Plasma garnitine levels during
intravenous feeding of the neonate. J. of Pediatriecs, Vol 95,

6 : 1043-1046, 1979 _

Seccombe, D.W., Hahn, P., and Novak, M. The effect of diet and
development on blood levels of free and esterified carnitine

in the rat. Biochem. Biophys. Acta 528 : 483, 1978



