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ABSTRACT

During July to August 1984, adolescents at the Observation
Protection Center (OPC) of Rayong Province took 200 ml of soybean milk
in the afternoon and soybean residue mixed with animal protein to be
served at lunch and dinner. They>consisted of 164 males and 19 females,.
aged ranging from 10 to 19 years. Protein-calorie status was assessed
by dietary assessment, anthropometric measures, urinary nitrogen,
carnitine and creatinine excretion at 0 wk (before soybean supplementa-
tion), 4 and 8 wk (during soybean supplementation).

Their weight-for-age indicated mild to moderate PCM before and
after soybean supplementation. Other anthropometric parameters were in
normal levels except triceps skinfold thickness. In most of male age
groups, the anthropometric measures indicated mild to moderate PCM but
females had excess fat store, which decreased throughout the study
period. Whereas their energy and protein intake met their requirements

compared with the U.S. RDA. They had unsatisfactory energy distribution,



i.e., high carbohydrate, low fat and low protein. 65-74% of their protein
intakewerederived from vegetable source which is less nutritious than
animal source. Only 7-9% of vegetable protein were derived from soybean.
Their serum albumin and total protein levels were in the
acceptable levels and significantly increased after soybean supplementa-
tion. Urinary nitrogen excretion significantly increased and positive
nitrogen balance was observed throughout the study period. There was no
significant change in urinary creatinine and carnitine excretion. This
could be due to the increase in the total protein intake but the diet was
still limiting in methionine which is precursor of creatinine and
carnitine. Though this study has shown the benefit of soybean supplemen-
tation on protein status in institutionalized adolescents. There is a

need to refine their diets to improve their carnitine status.
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CHAPTER 1

INTRODUCTION

1.1 Protein-calorie malnutrition (PCM) in Thailand

It is recognized that protein-calorie malnutritioﬁ is one of
the major problems affecting the lifé and social well-being of the
population of Thailand. PCM causes physical growth ietardation,
delayed mental and learning function, weakness and susceptibility to
infections.

It is well known that Thailand is distinctly a rice economy
country and rice is the staple food of Thais. Since it contains about
80 percent carbohydrate, 7 percent protein and negligible amount of
fat, it is considered a low energy density food. Among the low
socioeconomic Thai population, it was to be consumed to meet the daily
dietary requirement and other foods were consumed smaller quantities
for compensation of the greater consumption of it. Furthermore, foods
which contribute adequate protein and calories also contain various
vitamins and minerals. Imbalance intake of protein and calorie leads
to other nutrient deficiencies and affects nutrient requirement of
individual (1). In adolescent group, it is generally accepted that
theirnutrient requirements are high because of the growth spurt,
extra activity and many other factors (2). Inadequate dietary intake

will lead to malnutrition in this vulnerable age group.



Energy and protein requirements in adolescents (3)

Adequate energy intake is a requirement for efficient utiliza-
tion of dietary protein for growth and maintenance. After age 10,
energy allowances decline further to 45 kcal/kg for adolescent males
and 38 kcal/kg for adolescent females. The body is in a dynamic
state, with proteins and other nitrogenous compounds being degraded
and resynthesized continuously. In fact, more protein is turned over
daily within the body than is ordinarily consumed in the diet. Some
of the amino acids released during the breakdown of tissue proteins
are reutilized; but metabolic products of amino acids (urea, creatinine,
uric acid, and some other nitrogenous products) are excreted in the
urine. Nitrogen is also lost in feces, sweat and other body secretions
and excretions and in sloughed skin, hair, and nails. The protein
requirements of the FAO recommendation are based on the amount of
dietary nitrogen that is needed to replace obligatory losses of nitrogen
in the urine and feces and from the skin, an allowance for nitrogen
required for the synthesis of growing tissue, and a 10% increment to
allow for the stress of ordinary life. So daily protein requirements

of adolescents are 0.8 gm/kg body weight.
1.2 Carnitine

1.2.1 Historical landmarks

+ -
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Camnitine (3-hydroxy-4-trimethyl amino butyric acid) was
independently discovered by Gulwitch and Krimberg (4) as well as
Kutsher (5) in 1905 as a constituent of meat extract.

In 1907, Krimberg (6) proposed the correct structural
formula of carnitine. In 1927, Tomita and Sendju (7) seperated the
two isomers of camitine and identify the levorotatory isomer as being
the natural form of camitine. In 1948, Fraenkel (8) discovered that
a new food factor present in the charcoal filtrate of aqueous liver
or yeast extract was a growth factor for the yellow meal worm,

Tenebrio molitor. The factor was coined vitamin BT to indicate its

place in the vitamin B group and the "T" designating Tenebrio.
Subsequently, Carter et al (9) demonstrated that carnitine was
identical with vitamin BT.

During the year 1955-1961, Fritz (10) demonstrated the
carnitine property of increasing oxygen consumption and catalytically
stimulating long chain fatty acid oxidation by a variety of suitable

tissue preparations, of which heart responds to the greatest degree.
1.2.2 Sources of body carnitine

Carnitine in the body is derived from two éources, i.e.,
exogenous and endogenous sourées.

(a) Exogenous source of carnitine is derived from the
diet. Frankel (11) has made an extensive survey of the occurance of

carnitine in nature using Tenebrio molitor as a bioassay procedure.

Two general conclusions can be drawn from his studies; animal tissues

contain very much higher levels of carnitine than do microorganisms



or plants and the richest source of carnitine is muscle of both
vertebrate and .invertebrate.

Analyses‘of the total carnitine (f?ge and acylcarnitine)
content in Thai foods by Tanphaichitr et al (12) Gsigg enzymatic-
radioisotopic 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 amount of uncooked and cooked milled

rice contained 0.4 and 0.26 upmoles of carnitine.

(b) Endogenous source

There is evidence indicating that the body can synthe-
size carnitine. In 1961, Bremer (13) and Wolf and Berger (14) have
discovered that the N-methyl group of carnitine is derived from the
methyl group of methioniné.

In 1971, Horne et al (15) and Tanphaichitr et al (16)
are the first to report that lysine is the precursor of carnitine both

in Neurospora crassa and the rat, respectively. The first step of

carnitine biosynthesis in Neurospora crassa is the stepwise methylation

of free lysine by S-adenosylmethionine : ¢N-lysine methyltransferase.
However, this enzyme has not been found in mammalian systems. Protein-
bound trimethyllysine appears to be an excellent precursor for
camnitine in mammalian system (17).

The biosynthetic steps Setween trimethyllysine and
y-butyrobetaine have been elucidated recently (18). The enzyme
catalyzing the last step in the carnitine biosynthetic pathway was

the first enzyme of the pathway to be identified and characterized (19).



The enzyme, y-butyrobetaine hydroxylase, hydroxylates y-butyrobetaine to
form carnitine and plays an important role in regulation of the pathway
(Fig. 1-1). In man the final step of camnitine biosynthe;isﬁoccurs in
liver and kidneys (20).

Other factors, regulating carnitine biosynthesis, are
the diet, age and hormonal status of the animal. The requiring for
this biosynthesis are not only two essential amino acids (lysine and
methionine), but also three vitamins (ascorbate, niacin, and vitamin

B6), and a metal ion (reduced iron) (21).
1.2.3 Carnitine in normal metabolism
Camitine and long-chain fatty acid oxidation

Carnitine plays a major role in the transport of
activated long-chain fatty acyl groups from sites of activation in
the cytoplasm to sites of g-oxidation in the mitochondria (22,23).
Figure 1-2 illustrates a schematic representation of the transport

mechanism.
Carnitine and thermogenesis in brown adipose tissue

In 1965, Theirriault and Mehlman (24) found that the
body pool of carnitine was eight times greater in cold acclimated

rats maintained at 25°c.
Camitine and initiation of ketogenesis

Ketone body, B-hydroxybutyrate and acetoacetate can

serve as fuel to extrahepatic tissues during starvation and diabetic.
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Figure 1-2 Proposed mechanism of carnitine-mediated transport of

long chain fatty acids into mitochondria



In 1975, McGarry et al studied in fed rats, treated
with anti-insulin serum or glucagon, or a 24 hr fast, or alloxan
diabetes enhanced long chain fatty acid. Oxidation and ketogenesis
in perfused rat liver and increased liver carmitine concentrations
two-or four-folds. Carnitine added to a medium that was perfusing
liver from fed rats stimulated ketogenesis from oleic acid (25). 1In,
stimulating ketogenesis, except increasing carnitine concentration,
there must be combined with two other factors:- fasting state and

reducing malonyl CoA concentration (26,27).
Camitine and catabolism of branched-chain amino acid

Branched-chain amino acid i.e., leucine, isoleucine,
valine, are preferentially oxidized in muscle more than in liver like
other amino acids (28). L-carnitine increased the oxidation of
branched-chain 2-oxoacids derived from leucine and valine (29). In
1979, Choi et al (30) found that the amount of isobutyrylcarnitine and
isovalerylcamitine increased significantly in muécle from fasted
animals, which is consistent with the hypothesis that camitine functions

in branched-chain amino acid catabolism.
1.2.4 Carnitine in protein-calorie malnutrition

Several papers from the Middle East; India and Thailand
have shown, lowered blood carnitine levels in patients suffering from
severe protein malnutrition.

In 1976, Mikhail and Monsour (31) studied a series of

patients with schistosomal infection with associated signs of anemia



o

and protein malnutrition. Such patients had abnormally low serum
carnitine levels as compared to healthy controls. These levels

markly improved fellowinghutritional repletion by hospital diet plus

milk and meat. Before hospitalization, the diet of these patients was

deficient in animal protein and consisted mainly of cereals and grain.

In 1977, Khan and Bamji (32) studied plasma carnitine levels
in children with protein-calorie malnutrition before and after rehabi-
litation. They suggested that a poor nutritional status often leads
to a poor carnitine status. Malnourished children had lower plasma
carnitine concentrations than healthy controls and showed improvement
with dietary treatment for the the malnutrition.

In 1980, Ténphaichitr et al (33) have made an interesting
survey of the carnitine nutrition of Thai adults living either in
Bangkok, the capital of Thailand, or in Ubol, a rural province in
northeast Thailand. Since rice is the staple food of the Thais and is
limiting in lysine and camitine, one might anticipate degree of
camitine deficiency in the population depending on the extent of
animal or fish protein sources in the primarily vegetable diet. The
mean plasma camitine level of the Bangkok adults as compared to Ubol
adults was 56.6 vs 50.3 umole/liter, and urinary camitine levels were
161 vs 127 umole/liter, respectively. The nutritional status of the
Ubol adults was inadequate as shown by significantly lower levels of
urinafy creatinine excretion, serum albumin, and hematocrit as

compared to these nutritional parameters in the Bangkok adults.
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1.3 Soybean

Historic and geographic evidence shows that the cultivated
soybean, Glycine max, had origined in China. In the ancient time
soybean plant traveled from the origin area to Korea, Japan and other
countries of the Far East and to Europe and America in more recent
times (34). The importance and role of soybean as a food item in Asia
have been appreciated for many years, particularly in the area where
population have utilized soybean as a common food item traditionally
(35). The traditional soybean foods of the Oriental people are divided
into two groups: fermented and nonfermented. Fermented foods are miso,
natto, tempeh and soy sauce. Nonfermented products are soymilk and
tofu (36).

Although soybeans and their products have been used as foods by
the Orientals for centuries, the Western World has just recognized soybean
for their human food value in the present century. At first, it was
the oil that gained wide acceptance,with the subsequent recognition of
its nutritive property of protein (37). Soybean contains high protein
(30-46%) and this protein is of good nutritional quality (38). Cystine
and methionine are the limiting amino acids of raw soybean protein, but
its high lysine content which can be used to supplement lysine-deficient
cereal products (39). In some cases, for example with maize, it also
corrects the tryptophan deficiency. Soybean protein complements that of
other protein source makes feasible the preparation of foods of optimum
protein quality and of a high protein content. Because of its quality,

soybean protein can replace animal protein without a significant decrease
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in nutritive value (40). With the high price of meat in most
part of the world, the meat producer and processor can be certain that
they can actually increase the use of meat by adding soya (41).

Soybean contains some antinutritional factors which must be
inactivated for maximal nutrition value. A prime‘example is an anti-
nutritional factors which must be inactivated for maximal nutrition
value. A prime example is an antitrypsin factor which retards the
action of the trypsin enzyme. This factor is destroyed by heat (42).

Soybean milk has been an important substitute for cow's or
human milk in feeding allergic infants. A commercial soya beverage is
Vitasoy originally developed in Hongkong as a milk substitute and made
by the traditional Oriental process. Vitasoy contains 2.5-3% protein,
2.5% fat and 5.7% carbohydrate. In 1969, '"puma" was produced by
Monsanto in Guyana. It has a banana flavor. In Brazil, in 1969, Coca
Cola introduced a caramel flavored protein beverage containing 3%
soya protein. In the Philippines, Philsoy is a production of soymilk
(38).

In Thailand, soybean milk was introduced into Bangkok in 1939,
the product was fed to the hospital patients, distributed through
Mother and Childrenhood Center and sold in the cafeteria of the
Ministry of Public Health. In 1969, the Institute of Food Research
and Product Development, Kasetsart University produced soybean milk
(43). The soybean milk is also commercially available in the market
under the trade name of Vitamilk, Lactasoy, Bonus. A home made soybean
milk is also available everywhere throughout Thailand but is mainly

popular among the Thai with Chinese-blood population.
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1.4 Statement of the problem and specific aims

The Observation Protection Center (OPC) of Rayong Province is
a Thai Government care facility for juvenile delinquents under the
Ministry of Justice. The goal of the facility is to provide vocational
training and rehabilitation to young criminal offenders of eastern
Thailand in order to assist and encourage them to be law abiding and
productive members of society. They receive one to three years of
education, vocational training, and shelter depending upon the severity
of their previous offences, before they are released. The OPC of Rayong
Province has been operating since July 8, 1983.

In September 1983, Pattamakom et al (44) had reported that
several adolescents at this place developed thiamin malnutrition. One
of this cause was inadequate intake of nutrients, especially thiamin.
The dietary data revealed imbalance of energy distribution. From
nutritional survey, they presented dietary 11%, 16% and 73% of the energy
intake in these adolescents were derived from protein, fat and carbohydrate
respectively. Thus there must be a need to supply nutritious diets to
these institutionalized subjects for long term prevention of their
malnutrition. Since soybean is a low cost and high nutritious food
supplying high protein content and other nutrients such as vitamins and
minerals (39). It is a potential source for improving their nutritional
status.

It is well known that soybean contains high protein. Though
cystine and methionine are the limiting amino acids, lysine is high.

Lysine and methionine are required for carnitine biosynthesis whereas
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methionine is required for creatine biosynthesis. Thus we used urinary
nitrogen excretion for assessing.the quantily of protein intake and
urinary carnitine and creatinine excretion for assessing the quality of
protein intake.

The specific aims of the study are to assess protein-calorie
status in institutionalized subjects before and after soybean supplemen-
tation by using these indices:

a) anthropometric measurements

b) dietary assessments

c) urinary nitrogen excretion

d) urinary carnitine excretion

e) urinary creatinine excretion.



CHAPTER II

MATERIALS AND METHODS

2.1 Subjects

Protein-calorie status was assessed in the adolescents living
in the OPC. They consisted of 164 males and 19 females, aged ranging
from 10 to 19 years. The study period covered for 8 wk (July 2, 1984-
August 31, 1984). Nutrition assessment was carried out at 0 wk,for baseline

data, 4 and 8 wk, for the data during and after soybean supplementation.

2.2 Experimental designs
2.2,1 Meal serving

At this OPC, each subject recéived 3 meals daily. The menu
were rather monotonous. Their breakfast usually consisted of boiled
rice with pork or chicken or boiled rice served with two kinds of foods.
Their lunch or dinner also consisted mainly of rice served with two

kinds of foods.
2.2.2 Soybean supplementation

In this study each subject took 200 ml of soybean milk in
the afternoon 5 days/wk (except Saturday and Sunday). Soybean milk was
prepared freshly in the morning of each day by home-made method at OPC
kitchen (Fig. 2-1). The soybean residue left after the preparation of
soybean milk, was used to mix with animal prdtein to be served at lunch

and dinner. The supplementation was begun after O wk.



4 kg Soybean

!

Washing

|

Soaked overnight in warm water

|

Dehulling

|

Grinding (adding 40 liters warm water)

Extractlon
/ \
Soybean milk Crude soybean residue ’
an Extriction
Fine soybean residue Soybean milk
(3.l5-4 kg) ' 1

Mixing with animal protein Adding sugar syrup
(4 kg sugar +8 liters water)

Steamed
(44.5-45 liters)

Figure 2-1 Flow diagram of soybean milk preparation



2,2.3 Dietary assessment ' ¢

Dietary intake of all subjects was assessed by weighing of
the entire diets daily for 3 consecutive days at the following intervals:
0, 4 and 8 wk. The computation of their nutrient intake was made by
using Booklet of Meal Planning with Exchange Lists of American Dietetic
Association (45) and Food Consumption Table for Use in East Asia (46)

The data were then calculated for nutrient intake per capita per day
and percentage of energy distribution derived from protein, carbohydrate
and fat, It should be noted that vegetable oil (Tip or Cook) was used

for cooking,

2,3 Anthropometry

The following anthropometric measurements in the subjects were
carried out once a month: height, body weight, weight-for-height,
triceps skinfold thickness and mid upper arm circumference, using the

standard technique. The upper arm muscle circumference was calculated

according to the formula: C2 = C1 - 7S @7n
where, C2 = upper arm muscle circumference,
C1 = upper arm circumference,
and s = triceps skinfold thickness

Standards of triceps skinfold thickness, mid upper arm
circumference and upper arm muscle circumference were taken from the
standard source (47).

Standards of weight and height were taken from Guidelines for

Assessing the Nutritional Impact of Supplementary Feeding Programmes
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for Vulnerable Groups (48).

2.4 Blood and urine collection

Venous blood was obtained from the subjects after a 12-to 14-hr
fast, using disposable syringes and needles. The blood samples were
taken from each subject at 0, 4 and 8 wk during the period of the study.
The samples were centrifuged at 1,500 g for 10 minutes and serum was
stored at -20°C until the time of analysis. It was used for the
determination of serum carnitine and other biochemical parameters.'

Twenty-four hour urine samples were collected from the subjects
on the same day of blood collection.. Toluene was used as the preserva-
tives. It was stored at -20°C unti} the time of analysis. It was used
for the determination of urinary nitrogen, carnitine and creatinine

excretion.

2.5 Biochemical assessment
2.5.1 Determination of carnitine content in serum and urine

Carnitine was determined in 84 subjects, 75 males and 9
females, by the modified enzymatic-radioisotopic method of McGarry and
Foster (49). Basically, the initial step was the incubation of serum or
neutralized urine with (1-14C) acetyl CoA of known specific activity
and carnitine acetyltransferase (EC 2.3.1.7.) (CAT). The labelled
acetylcarnitine formed according to the reaction shown below was
separated from the unreacted (1-14C) acetyl CoA by mixing the solution

with an anion exchange resin.
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CAT ‘
L-carnitine + Acetyl-CoA ;====g‘Acetyl-L-carnitine + CoASH
The supernatant fluid after centrifugation was then counted for radio-
activity.
a) Samples

Serum and urine were prepared as described above.

b) Reagents

(1) Stock standard L-Carnitine, 1,000 n mole/50 ul was
prepared by dissolving 197.663 mg L-Carnitine (General Biochemicals,
Chagrin Falls, Ohio) in cold distilled water and the volume was
adjusted to 50 ml.

(2) Acetyl CoA, 0.025 ymole/50 ul was prepared by the
methods modified from Simon and Shemin (32) and Ochoo (51). Detail of
the method was described by Tanphaichitr (71).

(3)  (1-34C) acetyl CoA, 9.26 wM (0.5 uCi/ml) was
prepared by diluting 2.5 ml of (1-'%C) acetyl Coa (specific activity =
52.4 mCi/m mole) (New England Nuclear Corp, Boston, Mass.) to 100 ml
with cold distilled water.

(4) Tris-HC1 buffer, pH 7.3, 0.24 M, was prepared by
dissolving 29.0736 g of tris (hydroxymethyl)- aminomethane (E. Merck,
Darmstadt) in approximately 900 ml of distilled water and the pH was
adjusted to 1 liter with distilled water.

(5) Sodium tetrathionate, 0.04 M, was prepared by
dissolving 1.08104 g of sodium tetrathionate (I.C.N. Pharmaceuticals,
Inc. Life Science Group, Plainview, N.Y.) in 100 ml of distilled water.
The filtration was necessary if the solution was not clear and this

solution must be prepared monthly.
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(6) Carnitine acetyltransferase, 200 units/ml, was
prepared by diluting 1 ml of the enzyme acetyl-CoA: carnitine-O-
acetyltransferase, EC. 2.3.1.7 specific activity = 90 units/mg protein
(Sigma Chemical Co., St. Louis, Mo.) with 1.25 ml of cold distilled
water.

(7) Tris base, 1 M, was prepared by dissolving 12,11 g
of tris (hydroxymethyl)-aminomethane (E. Merck, Damstadt) in 100 ml
distilled water.

The solutions (1) - (3) were kept at -20°C whereas the

solutions (4) - (7) were kept at 4°c.
¢) Procedure

(1) Assay for free carnitine
Assay were carried out in a 13 X 125 mm test tubes.

The reagents were added in the following order :

(a) 50 ul of serum or‘urine, 50 ul of standard L-Carnitine containing
1, 2, 5, 10, 20 nmole of carnitine or 50 ul of distilled water
serving as the blank, in seperate tubes.

(b) 350 pl of distilled water to the sample, standard and blank tubes.

(c) 500 pl of 0.24 M Tris buffer pH 7.3.

(d) 50 pl of 0.04 M sodium tetrathionate.

(6) 100 4l of the mixture of acetyl CoA and (1-'%C) acetyl CoA (1:1)

(f) 5 ul of the enzyme to initiate the reaction.

(g) A continuously stirred slurry of Dowex x AG 2x8, 200-400 mesh,
anion exchange resin (chloride form) (Bio-Rad Laboratories, Cal.)
was prepared by mixing 2 parts of resin with 1 part of distilled

water.
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(h) Liquid scintillation fluid was prepared by dissolving 0.5 g of

1, 4 - bis-2 (5-phenyloxazolyl) benzene (POPOP) and 16.5 g of

2, 5-diphenyloxazol (PPO) in 2,000 ml of toluene and 1,000 ml of

triton X-100. |

The solution was mixed and allowed to stand at room

temperature for 30 minutes. Then 300 pl of a continuously stirred
slurry of Dowex x 4G 2.x8was added to each tube. The mixture was then
agitated with Vortex mixer and placed in ice. This step was repegted
twice at 10 minutes intervals, after which the tubes were centri fuged
and 0.2 ml of the supernatant fluid was mixed with 10 mi of scintilla-
tion fluid and assayed for radio activity in a liquid scintillation

counter.
(2) Assay for total carnitine (free plus acylcarnitines)

The procedure was identical with that described above
except that the sample, usually 50 ul in volume, was added to 100 ul of
1 M Tris base and 50 ul of 0.4 N KOH (pH of mixture approx. 13) and
allowed to stand for 1 hour at 37°C in order to hydrolyze any acylcarni-
tines present. Thereafter, 200 ul of 0.575 N HC1 was added to return
the pH to 7.3, followed by the steps (3) - (8) listed in the assay for

free carnitine
(3) Calculation

Carnitine content in specimens was obtained from the

standard curve run in each assay.
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From the standard curve K = concentration nmole/50 ul
count/min (cpm)

Concentration K x cpm nmole/50pl

K x cpm x 20 umole/1 For total carnitine

K x cpm x 10 umole/l1 For free carnitine

Acylcarnitine content was calculated from the difference

between the total and free carnitine content in each specimen.

2.5.2 Determination of urinary nitrogen

This was assessed in 179 subjects, 171 males and 8 females,
The two principle bases for determining total organic nitrogen in food-
stuff and organic matter depend upon a complete conversion of their
native forms of nitrogen into either elemental gaseous nitrogen or an
inorganic ammonium salt, the fully reduced state of nitrogen., Therefore,
the final step of analysis involves precise and accurate determination
of either one or the other of these pfoducts (50).

a) Reagent

(1) Sulphuric acid, conc, technical grade N-free (H2504)

(2) Hydrogen peroxide 30-35% (Hzoz)

(3) Calalyst "Kjeltabs §/3.5" (3.5 g K,50,+3.5 mg Se)

(4) Sodium hydroxide 40% (NaOH), NaOH pellets, M.W. = 40,
99%, 400 g NaOH was dissolved and diluted with distilled water to 1,000 ml.

(5) Boric acid 4%, 4 g boric acid was dissolved and

diluted with distilled water to 100 mi,



22

(6) Indicator, 41 mg bacto-methyl red and 59 mg bromo-
cresol green were dissolved in 100 ml 95% alcohol.

(7) 0.01 N HC1, HC1 37.6% sp. gr. 1.19, M.W. = 36.5,
0.8 ml HC1 conc, dilute to 1,000 ml with tridistilled water and

calibrate concentration with 0,1136 N NaOH.
b) Procedure

Instrument : Kjeltec system (Tecator, Sweden) is consisted
of 1002 distilling unit, 1007 digestion system and a titration unit,

Procedure for digestion, distillation and titration

(1) Add % tab catalyst to each one of the digestion
tubes with 0,5 ml urine,

(2) Add 2 ml concentrate H2504 from dispenser and mix
carefully,

(3) Add 1 ml H,0, from dispenser and mix slightly,

(4) Place the tubes in the preheated digester, 420°¢,
Fit the exhaust caps one by one ontop of each tube, turn on the vacuum
source (water aspirator) fo maximum flow and fit the heat shields around
the tubes,

(5) After 45 min, the digestion is complete, remove the
tubes and exhaust caps,

(6) As soon as the sample solutions have cooled suffi-
ciently, diluted with about 75 ml of water and mixed,

(7) Add 25 ml 4% Boric acid into receiver flasks

corresponding to the number of digestion tubes used.
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(8) Place a receiver flask in the upper position on
the platform of the distilling unit,

(9) Fix the prepared digestion.tube to the corres-
ponding tube holder, start the distillation and set the distillation
time (5 min),.

(10) Wwhen the distillation is complete, add a stirrer
bar and titrate the receiver flask solution to neutral gray., Write the

reading of the burette on the form.
c) Calculation

Nmg/ml = 14,01 x (ml of titrant - ml of titrant) =x <{(molarity of)

of sample of blank standard acid

Q.5 ml

2.5.3 Calculation of nitrogen balance

This was calculated by substracting the nitrogen excretion
via urine, fecal nitrogen and unmeasured loss nitrogen fromnitrogen
intake, for one day of each period, according to the following formula:

Nitrogen balance = Nitrogen intake - Urinary nitrogen - Fecal
nitrogen - Unmeasured loss nitrogen

Protein intake/6.25

where Nitrogen intake

Fecal nitrogen 1.23 g N/day (52)

8 mgN/kg/day (53)

Unmeasured loss of nitrogen

2.5.4 Determination of creatinine in urine

®

Creatinine was determined by Testomar— - Creatinine

Combipack 200 (Behringwerke AG, Marburg, W. Germany).
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Creatinine reacted with alkaline picrate solution to produce
a yellow-red colour (Jaffe reaction). The absorbance was measured at

the wavelength of 520 nm,
2.5.5 Food analysis

Nutrient compositions of uncooked soybean, soybean milk

and soybean residue were analyzed (54-60) .
2.5.6 Other biochemical parameters

Hemoglobin was determined by the cyanomethemoglobin method
and hematocrit was measured by micromethod (61). Serum total protein
and albumin were measured by biuret assay (62) and brom cresol green

dye-binding technique (63), respectively.

2,6 Statistical analysis

Conventional methods were used for the calculation of mean, standard
deviation (S.D.), standard error of mean (S.E.M.), Chi-square test,

paired Student's t test (two tailed) and linear regression analysis (64).



CHAPTER III

RESULTS

3.1 Energy, protein, carbohydrate, fat jintake and its distribution

by the food sources in institutionalized adolescents

Table 3-1 shows dietary intake and energy distribution in
institutionalized adolescents. Their daily energy, protein, carbohy-
drate and fat at 4 and 8 wk were higher than that at 0 wk. Percent
calorie of protein throughout the study did not change whereas percent
calorie of carbohydrate at 4 and 8 wk were lower than that at 0 wk.
Moreover, the percent calorie of fat at 4 and 8 wk were higher than
that at 0 wk.

Table 3-2 shows nutrient composition of soybean, soybean mi 1k
and soybean residue from the chemical analysis. These soybean foods
were used to supplement with other foods in the institutionalized
adolescents.

Table 3-3 shows additional nutrient intakes from soybean
supplementation. Additional emergy intakes at 4 and 8 wk were about
4 and 3% of the total energy intakes. Total protein intakes,
especially vegetable protein from soybean, were added about 9 and 7%
at 4 and 8 wk. Fat at 4 and 8 wk increased at the same level, i.e.,

% of total fat intake. Carbohydrate intake at both periods were

similar, i.e., 3% of total carbohydrate intake.
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Table 3-1 Dietary intake and energy distribution in institutionalized

adolescents

Weeks on study

Nutrients intake

0 4 8

Consumption (Nutrient/capita/day)
Energy (kcal) 2627.0£131.0" 3047.0¢57.0  3106.0+121.0
Total protein (8) 66.0:3.0  74.0£3.0 84.0£3.0

Animal protein (g) 23.0+2.0 19.0+3.0 28.0%6.0

Vegetable protein (g) 43.0£3.0 55.0£3.0 56.0+2.0
Fat (g 31.07.0 51.0+7.0 42,0x11.0
Carbohydrate (g 510.0%£37.0 562.0%£2.0 587.0+2.0
Calcium (mg) 314.0%44.0 375.0£47.0 996.0+310.0
Phosphorus (mg) 1,1+0.2 57.0+0.8 49.9+0.2
Iron (mg) 23.7£3.2 25.0£0.4 29.0%3.2
Vitamin A (1U) 1852,0+991.0 2377.0+1107.0 1110.0+991.0
Vitamin B-1 (mg) 0.9£0.2 1.1+0.2 1.1+20.2
Vitamin B-2 (mg) 0.840.2 0.740.2 0.8:0.2
Niacin (mg) 19.5+0.9 18.4+1.4 19.0+0.9
Vitamin C (mg) 19.5+0.9 32.0+15.0 12.3+0.9
Energy distribution (%)

Total protein 10.0 ' 9.7 10.8
Animal protein 3.5 2.5 \ 3.6
Vegetable protein 6.5 7.2 7.2

Fat 10.8 15.3 12.3

Carbohydrate 79.0 74.9 76 .7

*
Values are means+SEM



Table 3-2 Nutrient composition of soybean, soybean milk and

soybean residue

Per 100 gm edible portion

Nutrients
Soybean Soybean milk  Soybean residue
Energy (kcal) 428,00 48.00 75.79
Protein (g) 39.00 2.00 6.00
Fat (g) 17.00 0.70 2.80
Carbohydrate (g) 30.00 8.00 7.00
Iron (mg) 35.00 17.00 5.50
Calcium (mg) 122,00 7.00 36 .00
Phosphorus (mg) 483.00 23.00 52.00
Vitamin B-1 (mg) 0.34 0.04 0.06
Vitamin B-2 (mg) 0.15 0.02 0.02
Niacin (mg) 3.82 0.14 0.28

27



Table 3-3 Additional nutrient intake

28

s from soybean supplementation

Nutrients 4 wk 8 wk
*
Baseline Soybean (%) Baseline Soybean (%)
Energy (kcal) 2,939 109 (4 3,008 98 (3)
Total protein (g) 69 5 (M 80 4 (5)
Animal protein (g) 19 - - 28 - -
Vegetable protein (g) 50 5 (9 52 4 (7)
Fat (g) 49 2 4 40.4 1.6 (4)
Carbohydrate (g) 545 17 (3) 570 17 (3)

*This was calculated from

the total nutrient intake in each period.

LY
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3.2 Age and anthropometric measures in institutionalized adolescents

before and after soybean supplementation

Table 3-4 shows meansSEM of weight-for-age in institutionalized
adolescents before and after soybean supplementation. Weight-for-age in
total male group at 8 wk was significantly higher than that at 0 wk.

This parameter in male subjects within the same ages, 14 to 16 years, at
8 wk was significantly higher than that at 0 and 4 wk whereas weight-for-
age of 13 years old group at 8 wk was significantly higher than that at

4 wk, No significant changes in this parameter were observed in other
groups, Similar results were observed for percent standard weight-for-
age in each age group as their actual weight.

Table 3-5 shows means:SEM of height-for-age in institutionalized
adolescents before and after soybean supplementation. Height-for-age in
male subjects aged 13 to 16 years at 4 wk and 12 to 18 years at 8 wk was
significantly higher than that at 0 wk. This parameter in male subjects
aged 13, 14 and 16 to 18 years at 8 wk was significantly higher than
that at 0 wk. Height-for-age in total male subjecté at 8 wk was signi-
ficantly higher than that at 0 wk. Female subjects aged 14 and 15 years
at 8 wk had significantly higher height-for-age than at 0 and 4 wk.

This parameter in total female subjects at 4 and 8 wk was significantly
higher than that at 0 wk whereas height-for-age at 8 wk was significantly
higher than that at 4 wk too. Similar findings were observed for percent
standard height-for-age in each age group as their actual height.

Table 3-6 shows means+SEM of percent standard of weight-for-
height in institutionalized adolescents before and after soybean supple-

mentation, They were in normal level (>90% std) throughout the study period,
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Table 3-6 Weight-for-height in institutionalized adolescents before

and after soybean supplementation

32

Subject Age n Weight-for-height
' 0 wk 4 wk 8 wk
yT % std % std % std
Male 10.0-10.9 3 102+4" 1034 10215
11.0-11.9 103+7 9745 100+4
12.0-12.9 5 1002 99+3 100+2
13.0-13.9 14 103+2 10112 101+2
14,.0-14.9 29 100+3 99+2 100+1
15,0-15.9 37 102+1 102+1 102+1
16.0-16.9 42 101+3 102+1 99+2
17.0-17.9 22 102+2 101+2 101+2
18.0-18.9 10 98+2 9942 96x2T
Total 10.0-18.9 164 102+1 101+1 101+1
Female 12.0-12.9 1 920 92 920
13.0-13.9 1 111 114 117
14,0-14.9 5 109+4 108x4 108+4
15,.0-15.9 5 111+7 1107 11017
16.0-16.9 3 93+2 92+3 91+3
17.0-17.9 4 106+3 107+4 1065
Total 12,0-17.9 19 106+3 10513 1053
*
Values are means+SEM
Significant difference from 4 wk: +P<0.01
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Table 3- 7 shows means:SEM of triceps skinfold thickness in
nstitutionalized adolescents before and after soybean supplementation.
rriceps skinfold thickness in male subjects aged 14 years at 4 wk was
significantly higher than that at 0 wk. No significant change in this
parameter was observed during the study period within the total and
other male groups. This parameter in female subjects aged 15 years
.t 8 wk was significantly lower than that at 0 wk and triceps skinfold
thickness in the total female group at 8 wk was significantly lower than
+hat at 0 and 4 wk. Similar findings were observed for percent standard
triceps skinfold thickness within each group as their actual value.

Table 3- 8 shows meanstSEM of mid upper arm circumference in
institutionalized adolescents before and after soybean supplementation.
Mid upper arm circumference in male subjects aged 12, 14 to 16 years
and the total group at 8 wk was significantly higher than that at 0 wk.
This parameter in 17 years at 8 wk was significantly higher than that
it 0 and 4 wk. Mid upper arm circumferences in female subjectsA aged
15 years at 8 wk was significantly higher than that at 4 wk. Similar
findings were observed for percent standard mid upper arm circumference
within each group as their actual value.

Table 3- 9 shows means+SEM of upper arm muscle circumference in
institutionalized adolescents before énd after soybean supplementation.
Upper arm muscle circumference in male subjects aged 14 to 17 years and
the total group at 8 wk was significantly higher than that at 0 and 4 wk.
Upper arm muscle circumference in males aged 18 years at 8 wk was
significantly higher than that at 4 wk. This parameters in female groups

aged 15 years at 8 wk was significantly higher than that at 4 wk,

Y
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Upper arm muscle circumference in total female group at 8 wk was higher
than that at 0 and 4 wk. Similar findings were observed for percent
standard upper arm muscle circumference within each group as their
actual value.

Table 3-10shows percent and number of institutionalized
adolescents before and after soybean supplementation according to
percent standards of anthropometric measurements. No significant
change in anthropometric parameters (Chi-square test) was observed

during the period of the study.

3.3 PCV, hemoglobin, serum total protein and albumin levels in
institutionalized adolescents before and after soybean

supplementation

Table 3- llshows means+SEM of PCV, hemoglobin, serum total
protein and albumin levels in institutionalized adolescents before and
after soybean supplementation. Hemoglobin levels in the total and male
groups at 4 wk were significantly lower than those at 0 and 8 wk and the
unchangeable results were observed between 0 and 8 wk. Serum total
protein and albumin levels in the total and male groups at 4 and 8 wk
were significantly higher than those at 0 wk. There was also significant
difference in serum albumin levels in male groups between 4 and 8 wk, |
Hemoglobin and serum total protein levels in female group were signifi-
cantly higher than those at 4 wk. Serum albumin levels at 4 and 8 wk in

female group were significantly higher than those at 0 wk.
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3.4 Urinary nitrogen excretion in institutionalized adolescents before

and after soybean supplementation

Table 3- 12 shows meansiSEM of urinary nitrogen excretion in
institutionalized adolescents before and after soybean supplementation.
Urinary nitrogen excretion in each group at 4 and 8 wk was significantly
higher than that at 0 wk.

Table 3- 313 shows meanstSEM of nitrogen balance in institutiona-
lized adolescents before and after soybean supplementation. Nitrogen
balance in total and male group at 8 wk was significantly higher than
that at 0 and 4 wk. On the other hand this parameter in the female
group at 4 and 8 wk was significantly lower than that at 0 wk.

Table 3-314 shows that there was no significant correlation
between urinary nitrogen excretion and the following parameters: weight,
triceps skinfold thickness, mid upper arm circumference and upper arm
muscle circumference in institutionalized adolescents before and after

soybean supplementation.

3.5 Serum carnitine levels in institutionalized adolescents before and

after soybean supplementation.

Table 3-15 shows means*SEM of serum camitine levels in
institutionalized adolescents before and after soybean supplementation.
No significant changes in this parameter were observed within the same

group during the period of the study.
Table 3-1j¢ shows that there was no significant correlation

between serum total carnitine and these parameters : weight, triceps



Tabie 3-12 Urinary total nitrogen excretion in institutionalized

adolescents before and after soybean supplementation

Subject n Urinary total nitrogen excretion
0 wk 4 wk 8 wk
AR g/d >
Total 179 3.53:0.21 4.6240.157 4.760.147
Male 171 3.68£0.22  4.65:0.16" 4.72+0.147
Female 8 1.2440.18 4.07£0.36 5.29:0.26

%
Values are means*SEM

Significant difference from 0 wk : P<0.001

s
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Table 3-13 Nitrogen balance in institutionalized adolescents before

and after soybean supplementation

Subjects n Nitrogen balance
0 wk 4 wk 8 wk

< g/d >
Total 179 5.5140.19 5.47+0.16 7.05:0.141 11
Male 171 5.4040.19 5.44%0.16 7.0720 .15
Female 8 7.73+0.22 6.11:0.49F 6.50+0.06°
*
Values are means*SEM
Significant difference from 0 wk : 'P<0.001, 1P<0.01, °P<0.05

Significant difference from 4 wk : llP<0.001

42
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skinfold thickness, mid upper arm circumference,upper arm muscle

circumference, nitrogen balance, cerum total protein and serum albumin.

3.6 Urinary carnitine excretion in institutionalized adolescents

before and after soybean supplementation

Table 3-17 shows urinary carnitine excretion in institutiona-
lized adolescents before and after soybean supplementation. No
significant differences in various forms of urinary carnitine excretion
were observed between the period of the study in male and total groups.
The various forms of urinary carnitine excretion in female group at
4 and 8 wk were significantly higher than those at 0 wk. Their acyl
and total carnitine form at 8\wk were also significantly higher than
those at 0 wk.

Table 3-18 shows that there was significant negative correlation
between urinary acyl carnitine excretion and serum acyl carnitine.

Table 3-19 shows that there was significant negative correlation
between urinary total carnitine excretion and triceps skinfold thickness
but there was significant positive correlation between this form of
carnitine and the following parametersimid upper arm circumference,

urinary nitrogen excretion and urinary creatinine (mmole/day).

3.7 Urinary creatinine excretion in institutionalized adolescents

before and after soybean supplementation

Table 3- 20 urinary creatinine excretion in institutionalized
adolescents before and after soybean supplementation. Urinary creatinine
expressed in g/d in the total group at 8 wk was significantly lower

than that at 0 wk. The same result was observed in male and female
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Table 3-20 Urinary creatinine excretion in institutionalized before

and after soybean supplementation

Urinary creatinine

Subject n
0 wk 4 wk 8 wk

- g/day —
Total 82 0.60£0.05  0.63t0.05 0.52¢0.03
Male 73 0.640.05 0.65+0.06 0.52¢0.03% +!
Female 9 0.19+0.04 0.50£0.060  0.54:0.03"

-~ mmole/day -
Total 82 5.30£0.43 5.21£0.25 4.73£0.25
Male 73 5.75+0.46 5.3140.27 4.72+0.28
Female 9 1.660.33 43920497 4.79%0.20"

*
Values are means+SEM

§

Significant different from O wk: +P<0.001, :FP<0.0005, P<0.05

Significant different from 4 wk: HP<0.05
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groups. This parameter in male group at 8 wk was also significantly
lower than that at 4 wk. Urinary creatinine excretion in female
group at 4 wk was significantly higher than that at 0 wk.

When urinary creatinine excretion was expressed in mmole/day
no significant change in this parameter was observed in total
and male subjects. However, in female subjects, there was significant
difference in urinary creatinine excretion between 0 and 4 wk as well
as between 0 and 8 wk.

Table 3-21 shows that there was singificant positive correlation
between urinary creatinine and these parameters: urinary nitrogen and

urinary carnitine excretion.
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CHAPTER IV

DISCUSSION

4.1 Protein-calorie status

In this study, protein-calorie status of the subjects was
assessed by anthropometric measurements, dietary and biochemical
assessments. It is well established that triceps skinfold thickness
represents fat store, upper arm muscle circumference represents the
skeletal muscle mass and mid upper arm circumference is the composite
measure of the two parameters whereas the body weight reflects the
whole body tissue (47).

Though their height-for-age was in the acceptable range
(Table 3-4), their weight-for-age indicated mild to moderate PQM (47)
before and after soybean supplementation. But their weight-for-height
was normal (Table 3-6). However, their upper arm muscle circumference
data suggested that they had rather adequate somatic protein status
(Table 3-9). Triceps skinfold thickness in most of male age groups
(Table 3-7) indicated mild to moderate PCM. Before soybean supplemen-
tation, females had excess fat store but during the study period this
parameter decreased significantly while the upper arm muscle circum-
ference increased significantly.

In general, the pattern of growth in adolescent groups (2) are
as follows: females enter prepubescence at age about 7.5 to 14.5 years
whereas males enter later at around 9.5 to 16.5 years. Males have a

more intense growth spurt that lasts longer than females. In this study,
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growth of institutionalized adolescents occurred during the study period
evidenced by significant increase in height in both males and females
(Table 3-5) as well as significant increase in weight in males (Table
3-4). Since majority of the subjects were adolescents the changes ip
their anthropometric parameters should be related to growth spurt and
dietary effect.

The U.S. recommended energy allowances for males aged 11-14
and 15-18 years are 2,700 and 2,800 kcal per day, respectively, whereas
the recommended protein allowances for these age groups are 45 and 56 g
per day, respectively (3). In females aged 11-14 and 15-18 years, the
recommended energy allowances are 2,200 and 2,100 kcal per day,
respectively, whereas their protein allowances are 46 g per day. Dietary
assessment in institutionalized adolescents (Table 3-1,3-3) suggested
adequate energy and protein intake when compared with the U.S. Recommended
Dietary Allowances (3). However, 75-79% of their energy intake was
derived from carbohydrate, mainly rice, which is a bulky food. Regarding
to protein source, 65-74% of their protein intake were derived from
vegetable source which is less nutritious qualitatively than animal
source (39) but 7-9% of vegetable protein ﬁere gotten from soybean which
is a nutritious protein source (38). These dietary data explained why
they had unsatisfactory energy distribution (Table 3-1). Dietetians
have been teaching for years that a balanced diet is best. Ome cannot
give amino acids alone: that is wasteful; half the amino acid is
converted into glucose. One cannot give glucose alone: the body cannot

make protein out of glucose. One cannot give fat alone: it provides

energy only and inefficiently at that. It is much better if one gives
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them all together, with trace minerals and vitamins: a balanced diet.
The principle for this need for "balance'" is the energy cost of protein
synthesis (65). It shou1d1be noted that the dietary data in this study
agreed with the anthropometric measures.

Serum albumin and total protein are the parameters employed
to assess the visceral protein status (66). Serum albumin of 35 g/1
and above and serum total protein of 60 g/l and above for 6-17 yr or of

65 g/1 and above are used two indicates adequate visceral protein
status. Before receiving soybean supplementation, the serum total
protein and albumin levels in institutionalized adolescents were in the
acceptable levels (Table 3-11). However, after soybean supp lementation
their serum total protein and albumin levels increased significantly.
This indicated the improvement of their visceral protein status which
should be due to the increase in protein intake from soybean supplemen-
tation (Table 3-3).

Based on the normal levels of PCV (6-14 yr:»36%, >14 yr:»39%
in males, »36% in females) and hemoglobin (6-14 yr:»12 g/dl, >14 yr:213
g/dl in males, »12 g/dl in females) (67), these two parameters in
institutionalized adolescents were in the acceptable levels throughout

the study (Table 3-11).

4.2 Nitrogen balance

The nutritive value of a protein (39) may be evaluated in
terms of its ability to provide amino acids for the synthesis or
replacement of body tissue protein, This can be done most conveniently
in the intact animal by comparing the quantity of nitrogen ingested (I)

with that amount which is excreted in the urine (U) and feces (F).
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The difference between these two values, referred to as nitrogen balance
(B), indicates whether the animal is gaining, losing, or maintaining '
its nitrogen resources: B = I-(F+U)

If nitrogen intake is greater than the quantity of nitrogen excreted
(I>F+U) the animal has retained nitrogen and is said to be in a state
of positive nitrogen balance. If nitrogen intake is less than the
nitrogen excreted (I<F+U), then the animal is losing nitrogen from the
body and is said to be in negative nitrogen balance. If nitrogen intake
should equal nitrogen excreted (I=F+U), the animal is maintaining
nitrogen equilibrium. The ability of an animal to maintain nitrogen
equilibrium (as in a nongrowing animal) or to retain nitrogen (as in

a growing animal) is dependent on the availability of a balanced
assortment of essential amino acids in the diet. A diet deficient in
one or more-essential amino acids does not permit efficient nitrogen
utilization, hence much of the dietary nitrogen would be lost in the
urine and feces, a condition which would produce a negative nitrogen
balance.

Because of its simplicity, the nitrogen balance technique can
be effectively applied to studies with human subjects.

A block schematic representation of protein utilization is
given in Fig 4-1. The combined efforts of many investigators (68) have
shown that under normal conditions proteins are broken down into free
amino acids and are absorbed as such into the blood. These blood amino
acids are an integral part of the '"metabolic amino acid pool'"., After
absorption, the amino acids are translocated throughout the body via the

circulatory system. At this stage amino acids can enter into one of two
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metabolic pathways, i.e., anabolism or catabolism. Anabolism is the
pathway utilized to synthesize cellular protein via pathway 4 and S.
Catabolism is the reverse process involving the breakdown of body
protein to amino acids (pathway 5), followed by the breakdown of the
amino acids via pathway 6 with the excretion of urea; or via pathway 7
with the excretion of nitrogen containing compounds, such as creatinine.
The "dynamic equilibrium" between the two pathways is readily apparent
since the "metabolic pool" is supplied with amino acids from the break-
down of tissue proteins which at this stage are indistinguishable from
those contributed by dietary protein sources.

The two metabolic pathways are not independent of each other.
The body fluids serve to transfer amino acids to be utilized in the
synthesis of body proteins and other nitrogen-containing substances.
The free amino acids in the body fluids are derived from exogenous and
endogenous source, thus creating a common bond between the two metabolic
routes. This acid supply has been called a '"metabolic pool", and it
serves to establish a "dynamic equilibrium' between dietary and body
proteins, and between tissue proteins per se. It is reasonable to
expect many factors to influence the direction in which protein metabolism
will proceed. The major influences to be considered in this connection
when other necessary dietary constituents are provided in adequate
amounts are (1) amino acid composition of the dietary protein,
(2) dietary caloric intake, (3) dietary protein intake, and (4) the

nutritional and physiologic state of the individual.
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In this study, the urinary nitrogen excretion in each group at
4 and 8 wk was significantly higher than that at 0 wk (Table 3-12).
Positive nitrogen balance (Table 3-13) at 8 wk in males was significantly
higher than that at 0 and 4 wk. This could be explained by the fact that
their nitrogen intake was greater than nitrogen excreted. Besides, the
higher urinary excretion had reflected metabolic waste nitrogen from the
greater nitrogen ingested. These results most likely came from soybean
supplementation supplying 4-5 g protein/capita/day or 0.64-0.8 g N/capita/
day (Table 3-3).

These results agreed with the study of Munro (69) that not only
nitrogen balance becomes progressively more negative as energy intake is
reduced below the needs of the body but it becomes more favorable when
energy intake is increased above the subject's requirements for energy.
There is a continuous relationship between energy intake and nitrogen
balance from negative at low energy levels to positive at excessive intake
of energy intake (70).

Creatinine (72) is a catabolic product of creatinine which resides
in skeletal muscle. Creatinine is synthesized from three amino acids;
methionine glycine and arginine. PCM affects muscle protein and results
in a decrease in urinary creatinine excretion. In this study this para-
meter was unchangeable in males (Table 3-20). This could be due to low
total protein intake and low methionine intake. However, the positive
correlation between urinary creatinine excretion and urinary nitrogen
excretion (Table 3-21) indicates the validity in using these two parameters

to assess their protein status.
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4.3 Carnitine status

Tanphaichitr et al (33) have shown that serum and urinary
carnitine levels can be used as indices to evaluate carnitine status in
man and also shown that urinary total carnitine excretion is a good
index to assess both protein-calorie status and fluctuation of muscle
protein catabolism (72). |

Carnitine in the body is derived from the intake of preformed
exogenous carnitine and biosynthesized carnitine via transformation of
lysine and methionine metabolism (73,74) . The liver of the rat and the
liver and kidney of the human are the major sites of carnitine
production (75-77).

From a nutritional viewpoint, Broquist and Borum, in 1982, (21)
have summarized by saying that in mammalian systems, studies of carnitine
biosynthesis have shown

(1) that two essential amino acids, lysine and methionine,
contribute all the carbon and nitrogen atoms of carnitine;

(2) that protein synthesis is required to form protein-bound
trimethyllysine which becomes available for carmnitine biosynthesis
following proteolytic release by lysosomal enzymes;

(3) that five enzymes, namely, a methylase, a mitochondrial
hydroxylase, an aldolase, a dehydrogenase, and cytosolic hydroxylase are
necessary for catalysis of the biosynthetic transformation of Fig. 1-1;

and
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(4) that three B-complex vitamins, ascorbate, niacin, and
vitamin B6’ plus a metal ion, reduced iron, are accessory factors in
latter steps of carnitine biosynthesis. |

It is apparent then that a nutritional potpourri is required
for carnitine biosynthesis in the tissues, and it accordingly follows
that malnutrition in a broad sense might be expected to jeopardize in
diverse ways the carnitine status of an individual.

Decreased serum carnitine concentration and urinary carnitine
excretion have been reported in subjects with protein-calorie malnutrition
(31-33,78,79).

In this study, institutionalized subjects before soybean
supplementation had suffered from PCM (Table 3-9) (44). The staple food
of them was rice which are limiting in lysine and carnitine (33), whereas
soybean, the supplemented food, are limiting in methionine (Table 4-1).

In 1978, Lerdvuthisopon and Tanphaichitr (80) have demonstrated
that there are positive correlation between carnitine intake and urinary
free or total carnitine excretion as well as between protein intake
and urinary free or total carnitine excretion in subjects with normal
renal function. These indicate that the urinary carnitine excretion
depends not only on the carnitine intake from the dietary source but
also on the capacity of the body to synthesize carnitine from lysine
and methionine (74).

In 1979, Pakpeankitvatana and Tanphaichitr (81) had carried
out the study of the influence of egg protein intake on carnitine
status in adult males. The subjects were fed the diet containing

2 548 kcal with different intake of egg protein, i.e., 0.2, 0.35, 0.50,



62

‘uo38utysepm ‘ean3tnotady -3deg °S°n  °SPOOF FO JUIIUOD PIDE OUTWY  WOL
*

¢'s ¥'1 6°¢ 6’y ¢°1 8T ¢€°9 L°L s 8°CZ 8'9 XBW QUTIATY ueaq eAog
L'9 071 L°¢E 8y LT ¢°1 8°¢ 2’8 S°'¢ 9'T S*S BATIBS ®ZAIQ T
IBA dAxl ayr oyd I 7% sA7 nal noil sTy 8ay sweu IeOIUR3IOY pood

uesgfos pue 8211 Jo (N8 91/3) 3ueluod pIdE OUTWE TBIIUSSSH T-p 9Tqel
*



63

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 mmoles per day, the subjects
excreted 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 econbmy when the
protein intake was adequate. The carnitine biosynthetic rate was
probably about 100 ymoles per day.

In 1982, Sutheparuks and Tanphaichitr (82) reported that 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 free, acyl and total carnitine levels in
serum and urine were significantly lower in vegetarians than in omnivores,

Mitchell (83) measured urinary carnitine in a subject consuming
2 types of diets. He found that urinary total carnitine excretion was
202 moles per day during the meat diet and 15 umoles per day during
vegetable diet. The dietary effect on urinary carnitine excretion has
also shown by Cederblad et al (84) and Suzuki et al (85).

In this study, males had unchangeable urinary carnitine excretion
because the diet of the subjects was mostly plant foods which contain low
level of carnitine (Table 4-2). Although the amount of protein intake
met their requirements most of the protein intake was derived from
vegetable protein. Besides, the energy distribution was inappropriate.
Soybean supplementation increased urinary nitrogen intake (Table 3-12)
but did not affect urinary carnitine excretion (Table 3-17) methionine was

probably due to low methionine intake.



Table 4-2 Total carnitine content in some Thai foods (33)

*x
Food item Carnitine cantent+

(umole /100 g edible portion)

Pork : thigh, lean 167.00
Beef : thigh, lean 548,00
Fish : striped mackerel 27.00
Egg : hen 7.00
Rice : milled, uncooked 0.40
Rice : milled, cooked 0.26
Soybean (82) 19.25
Soybean milk (82) 1.55

*
Single analysis from each food item.

Three and acyl carnitine.
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The nutritional status of the subjects are unchangeable all the
study periods (Table 3-10). Since most of them have suffered from PCM,
there may be some defect of capacity of carnitine biogenesis.

In 1977, Khan and Bamji (32) examined plasma carnitine and
albumin levels in children suffering from protein-calorie malnutrition,
before and after rehabilitation, and in apparently healthy controls.

Both parameters were lower in malnourished.children and improved after
treatment. In 1980, Khan-Siddiqui and Bamji (79) have reported that
subjects with nutritional edema had markedly reduced plasma carnitine
which improved with treatment. They pointed out that the low levels of
carnitine in subjects with PCM may be due to deficiency of precursor
amino acids, methionine and lysine. Tanphaichitr et al (33) haye shown
that Ubol adults with inadequate protein-calorie status has also impaired
carnitine status. Based on these reports it can be concluded that inade-
quate carnitine status usually coexists with protein-calorie malnutrition.

The significant positive correlation between urinary total
carnitine excretion and urinary nitrogen excretion as well as urinary
total carnitine excretion and urinary creatinine excretion in these
institutionalized adolescents (Table 3-19, 3-21) agree with the previous
studies (33,72). This confirms the validity in employing the urinary
carnitine excretion to reflect protein-calorie status and catabolism of
skeletal muscle. Since there was no significant change in serum and
urinary carnitine levels in total subjects and males during the study
(Table 3-15, 3-17), it reflected that there was no change in their

carnitine status.
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In this study, the number of females was very small when compared
with males. At 0 wk, because of the difficulty and discomfort of female
subjects in collecting in 24-hr urine, some of them collected 24-hr urine
incompletely. However, they could understand and collected urine
completely after we had explained and clearify the method of urine
collection to them. This made inability to discuss the urinary parameters
for female subjects.

This study has shown that soybean supplementation improved
protein status in institutionalized adolescents. However, there is a

need to refine their diets to improve their carnitine status.



CHAPTER V

SUMMARY

Protein-calorie status was assessed in the adolescents living
in the Observation Protection Center (OPC) of Rayong Province for 8 wk.
These subjects composed of 164 males and 19 females, aged ranging from
10 to 19 years. Their menu were supplemented with 200 ml of soybean
milk in the afternoon and soybean residue, left after the preparation
of soybean milk, was used to mix with aminal protein to be served at
lunch and dinner. Dietary assessment, anthropometric measures and
biochemical assessments were taken at 0, 4 and 8 wk of this study.

The results were presented below.

5.1 Protein-calorie status

Height-for-age of our subjects was in the acceptable range
whereas weight-for-age indicated mild to moderate PCM before and after
soybean supplementation. Moreover, their upper arm muscle circumference
suggested that they had rather adequate somatic protein status.

Triceps skinfold thickness in most of male age groups indicated mild
to moderate PCM. Before soybean supplementation females had excess
fat store but during the study period this parameter decreased
significantly while the upper arm muscle circumference increased.

In this study, growth of the institutionalized adolescents still

occurred,evidenced by significant increase in height in both males and
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females as well as significant increase in weight in males. Dietary
assessment suggested adequate energy and protein intake when compared
with the U.S. Recommended Dietary Allowances. However, they had
unsatisfactory energy distribution; 75-79% of their energy intake was
derived from carbohydrate and 65-74% of their protein intake was
derived from vegetable source which is less nutritious qualitatively
than animal source. However, 7-9% of vegetable protein were gotten
from soybean which is a nutritious protein source. Since majority of
‘the subjects were adolescents, their changes in anthropometric
parameters should be related to growth spurt and dietary effect.
Their visceral protein, serum albumin and total protein, were in the
acceptable levels and had significant increase after supplementation.
Whereas PCV and hemoglobin were also in the acceptable levels through-

out the study.

5.2 Nitrogen balance

In this study, the urin#ry nitrogen excretion in the subjects
significantly increased after soybean supplementation. Positive
nitrogen balance was observed throughout the study period. This
could be explained by the fact that their nitrogen intake was greater
than nitrogen excretion. Besides, the higher urinary excretion had
reflected metabolic waste nitrogen from the greater nitrogen ingested.
These results most likely came from soybean supplementation supplying
4-5 g protein/capita/day or 0.64-0.8 g N/capita/day.

In male, the urinary creatinine excretion was unchangeable. This

could be due to methionine is a limiting essential amino acid in soybean.
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However, the positive correlation between urinary creatinine excretion
and urinary nitrogen excretion indicates the validity in using these

two parameters to assess their somatic protein status.

5.3 Carnitine status

There was no significant change in serum and urinary carnitine
levels in total subjects and males during the study. This reflected that
there was no change in their carnitine status. This study confirms the
validity in employing the urinary carnitine excretion to reflect protein-
calorie status and catabolism of skeletal muscle. Since there was
significant positive correlation between urinary total carnitine excre-
tion and urinary nitrogen excretion as well as urinary total carnitine
excretion and urinary creatinine excretion in these subjects.

This study has shown that soybean supplementation improved
protein status in institutionalized adolescents. However, there is a

need to refine their diets to improve their carnitine status.
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