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Surmmmary

In Experiment 1, when fasied chicks were fed diets conlaining various sources of protetn for 3
days, the activities of lipogenic enzymes (acetyl-CoA carboxylase, fatty acid synthetase, citrale cleavage
enzyme and malic enzyme) in the liver of prowing chicks were significantly lower in the soybean
protein or gluten diet than in the casein or fish protein diet. Triglycride contents of the liver and
plasma of chicks fed the cascin or fish prowin diet were significantly Yower than thar of those fed
scybean protcin or gluten dict. In Experiment 2, the effects of dielary amino acid mixture simulating
casein or protein on the activitics of hepatic lipogenic enzyms were examined, The activities of ace-
tyl-CoA carboxylase and fatty acid synthetase in the liver of chicks fed the casein diet were signifi-
cantly higher than thal of those fed the soybean protein diet or two dicts of amino acid mixtures.
Furthermore, there were no significant differences between the two diets of amino acid mixture based
on casein or soybean protein. However, the activities of malic enzyme and citrate cleavage enzyme
tended to he lower in the soykean-type amino acid diet than in the casein-type amino acid diet. Thus,
some effecis can be ascribed to the protein itself and seme to the amina acid composition of the

protein sources,
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Introduction

The role of dietary composition in the regu-
lation of fatty acid synthesis have been the subject
of numerons investigations. Both the composition
and level of carbohydrate, fat avd protein have
becen demonstrated to alter the rate of fatty acid
synthesis and the activities of the associated cn-
zymes (Romsos and Leveille, 1970). On the other
hand, the role of dietary pratein in the regulation
of hepatic fatty acid synthesis has been studied
much less than either dietary fat or carbohydrate.
Yeh and Leveille (1969) and Tanaka et al. (19
79, 1983) rcported that the hepatic lipogenesis
and the activities of the associated c¢nzymes in
chickens were decreased by increased dietary
protein,

Plant protein, in particular soybean protein,
generally has shown hypocholesterolemic eflects
when compared with animal protein such as
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casein (MNagata et al, 1981ab). Some of the
publications also reported serum  and liver trigly-
ceride levels in addition to cholestero] levels,
however, the effects of dietary plant protein on
the triglyceride levels were inconsistent (Cohn et
al., 19R4: Goldberg et al, 1982; Lefevrc and
Schneeman 1984; Iritani et al., 1985).  Further-
more, most of these publications were being carried
out on rats. Therefore, in the present study, we
have investigated the effects of the source of
dietary protein on the activities of Tipogenic en-
zymes in the liver of growing chicks,

Materials and Mathods

Animals and Diels

Duy-old male White Leghorn chicks obtained
from a local batchery were used in this study.
They were raised on wire floors. Feed and water
were made available at all times. [n Expcriment
1. at five weeks of age, all chicks were weighed
individually and divided into four groups of six
birds each. Thereafter, chicks were fasted for 3
days and reled the diet containing one of several
protein  sources for 3 days. Chicks were
maintatned on an automatic lighting schedule from
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06:90 to 20:00 h at 25°C. The dietary proteins
casein  {Wako Chemicals, Osaka, Japan,
90.9% protein), fish protein {(obtained from Japan
Chemical Feed Co. LTD., Hakodate, Japan, 85.2%
protein), gluten(Wako Chemicals, Osaka, Osaka,
Japan, 90.6%, vprotein) and soybean prolein
(Fujipro R, Fuji Oil Co. LTD., 90.3%) in Expe-
riment 1. Composition of experitental diets were
shown in table I.

ware

TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS

In Experiment 2, dietary protein (casein or
soybean protein) were replaced with amino acids
to simufate casein or soybean protein. Eight birds
were assigned ta each treatment.

General procedure

At the end of Experiment ! and 2, all the
chicks were weighed individually. Thereafter, using
a heparinized syringe, blood samples were taken

Ingredients Dictary protein
____ _ Casein __ Tish protein__ Soybean protein _ Gluten
(%)

Caseln 19.8 - - =
Fish protein — 211 — =
Soybean protein - - 19.9 -
Gluten - — 199
Corn starch 59.2 59.2 $“2 592
Celtuiose 150 13.7 149 149
Mineral mixture?” 5.3 5.3 53 53
Vitamin A, D mixture? 0.2 02 02 0.2
Vitamin B mixture® 02 0.2 02 02
Choline chlornide 0.3 03 03 0.3
Crude protein (%) 18.0 18.0 18.0 18.0
Metabolizable energy {(kcal/kg) 2978.5 2975.3 2968.7 2923.0

" 14,17 NaCl, 27.17% K HPQ, - 3H,0. 21 8%, CaHPO, - 2H,0, 2529, CaCQ,, 8.6% MgS0, - 7TH,0, 2.3%, FeS0,

- THLQ, 0.665% MnSO, + 4H,0, 0.067%, Kl, 0.021% ZuSO,, 0.025% CuSO, -

SH,0.

2 Vitamin A 5000, Vitamin D 1008 {IV) or 1CU/g mixLure).
¥ Thiamine-HC! 1200, ribofavin 120, niacin 1000, pyridaxine-HCI 80, Ca-pantothenate 407, inositol 4000, folic
acid 50, DL-a-tocopherol 200, A-aminobenzoic acid 1000, biotin 6, menadione 50, cyanocabalamin 0.5, lactose

91893.5 (mg/100g mixture).

from the wing vein of each chick for determina-
tion of triglyceride and non-esterified fatty acids
(NEFA) concentrations. From cach blood sample,
plasma was later extracted and then stored at
=30°%C until analysis. At necrapsy, the liver and
abdominal fat were immediately removed and
weighed. Livers were placed in an icc-cold saline
to determine triglyceride contents, and the activi-
ties of lipogenic enzymes.

Preparation of liver hamogenates

Livers were homogemzed in 0.25 M sucrose
solution containing 1 mM  ethylenediaminetetra-
acctate- 2Na (ENDTA-2Na), after which the homo-
penates were centrifuged {(Model RS-18, Tomy
Seiko) at 600 x g at 4°C for 15 min. The super-
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natants were reccntrifuged (Model 65P, RP 40-
705 rotor, Hitachi koki) at 105,000 x g at 4% for
60 min and the resulting clear supernatants
(cytosolic fraction) was used for assaying lipogenic
enzymes.

Enzyme assay

Acetyl-CoA  carboxylase (BEC 6.2.1.3) was
assayed by HMCO, -fixation method {Qureshi et
al., 1960). Fatty acid synthetase was assayed by
1-#C-acetyl-CoA incorporation method (Hsu et
al., 1965). Glucose-6-phosphate  dchydrogenase
(EC 1.1.1.49) was defermined by fallowing the
rate of glucose-6-phosphate dependent reduction
of NADP (Lo6hr and Waller, 1974); malic enzyme
(EC 1.1.1.40) by following the rate of malate-
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dependent NADP reduction (Qchoa, 1955). Cilrate
cleavage enzyme (EC 4.1.3.8) was determined as
described in Takeda et al. {1965). The protein
content of solutions used for enzyme assay was
determined by the method of Lowry et al. (19
51). Enzyme activitics are expressed as nanomole
of substrate converted to product per minute per
mg protein at 25C or 38°C. Triglyceride contents
in the liver and the plasma were carried out
accoring lo the procedures as reported by Hsu
et al. (1988).

Statistical analyses

All data were statistically analyzed using the
one-way layout design of the analysiy of variance
{Yoshida, 1975). Significant differences between
treatments were deterimined by Duncan’s multiple
range test (Duncan, 1955).

Rasults and Discussion

e
In Experiment 1, body weight gains, feed

intakes, and weights of the liver and abdominal
fat of chicks fed dicts containing different protein
sources for 3 days are shown in table 2. Body
weight gains, feed intake and the abdominal fat
weight did oot significantly differ among the
protein sources. The liver weight was smaller in
chicks fed the soybean protein or gluten diet than
in those given the casein or fish prolein diet.
Table 3 shows the activities of hepatic lipogenic
enzymes of chicks fed diets containing different
protein sources for 3 days. The activities of
Iipogenic  enzymes, except  glucose-6-phosphate
dehydrogenase, in the liver of chicks were signi-
ficantly lower in the soybean protein and gluten
diet thaw in the casem and fish protein diet.
Malic enzyme and glucose-6-phosphate dehydro-
genase are involved in the generation of NADPH
for fatty acid synthesis under a variety of con-
ditions. However, it seecms that the chicks differs

TABLE 2. EFFECT OF DIETARY PROTEIN ON BODY WEIGHT GAINS, FEED INTAKES, AND WEIGHTS OF THE
LIVER AND ABDOMINAL FAT OF GROWING CHICKS (EXPERIMENT 1)

Dietary Body weight Feed Liver Abdominal fat
protein gain intake weight weight
(g3 days) {gf3 days/bird) (%) (%)
Casein 533+ 61" 109 5.0+ 0.3¢ 0.16 + 0.0l
Fish protem 540+ 73 109 45 £ 0.2 0.11 £ 0.02
Soybean protein 424 £ 6.5 105 40 £ 03" 0.09 £+ 0.01
Gluten 36.2 + 8.0 107 3j0+01° 0.1 +0.03

" Mean 4+ SE for six chicks. s - 5 .
2b< Mean values in the same vertical column having different superscript letters are significantly different from

one another (p < 0.05).

TABLE 3. EFFECT OF DIETARY PROTEIN ON ACTIMITIFS OF LIPOGENIC ENZYMES IN THE LIVER OF GROW-
ING CHICKS (EXPERIMENT 1)

Acelyl- Fatty Citrate Mali Gilucose-6-
alic
Dietary protein CoA acid cleavage L phosphate
carboxylase synthetase  enzyme dehydrogenase
(nmole/min/mg protein)
Casein 218 £+ 0.17°Y 473 £ 0.327 99.9 + 5.8° 167.3 £+ 11.1° 571 £ 036
Fish protcin 223+ 0.12% 4.14 4 047 87.2 + 4.9b 146.1 4+ 16.4° 670 + 1.01
Soyhean protein 1.39 + 0.08® 161 + 0.278 61.1 + 6.5° 99.0 £ 8.4 567 £ 032
Gluten 1.14 £+ 0.13® 3.46 + 0.21° 478 + 3.4° 105.3 £ R.S° 5.48 £ 0.49

% Meant SE for six chicks. . M |
A5 Mean values in the same vertical column having different superseript letters are significantly different from

one another (p < 0.05).
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from the rat in terms of the pathways available
for the production of NADPH. Usually the
pentose-pathway dehydrogenases were not active
in the liver of chicks, at least not active enough
to supply any appreciable amount of NADPH.
Also, Romsos and l.eveille (1974) have pointed
out that the relative importance of the pentose-
pathway dehydrogenascs for the generation of
NADPH in the liver of chicks might be less
sighificance than these dehydrogenases in tissues
of the rat or pig, due 1o the fact that, in contrast
to those in the rat, the pentose-pathway dehydro-
penases in the liver exhibited low activities and
were not responsive to dietary manipulations
{(Madappally ¢t al, 1971; Goodridge, 1968). The
results presented in Experiment 1 clearly demon-
strated a relationship between protein sources
and activitics of enzymes involved in hepalic
lipogenesis of chicks. Howewver, G&PIT showed
the lower activity in comparison with malic en-
zyme in the liver and did not affect by dietary

protein. Similar results have been obtained by
Herzberg and Rogerson (1984) and Iritani et al,
(1986) in the study used rats.

Triglyceride conients of the liver and plasma
of chicks fed the casein and fish protein diets
were significantly lower than that of those fed
the soybean protein and gluten diets. Whereas
plasma NEFA concentralion was opposite Lo
plasma triglyceride concentration.  Yeh ¢t
al. (197)) and Yeh and Leveille (1971) have
pointed out that increased NEFA concentration
in the serum increased hepatic long-chain acy)-
CoA levels and depressed hepatic [atty acid
synthesis, presumably by inhibiting acetyl-CoA
carboxylase and fatly acid synthetase activities
(Tubbs and Garland, 19€4). The mechanism
involved in dietary protein, however, appears more
complex.

In Experiment 2, the effecis of dietary amino
acid mixtures simulaling casein and soybean
protein on hepatic lipogenic enzyme activities were

TABLE 4. EFFECT QF DIETARY PROTEIN ON CONTENTS OF HEPATIC TRIGLYCERICE AND PLASMA TRIGLY-
CER'DE AND NON ESTERIFIED FATTY ACIDS (NEFA) OF GROWING CHICKS (EXPERIMENT )

Dietary protein Liver easma
Triglyceride Triglyeceride NEFA
(mgfg) (mg/100 ml)
Casein 7.62 + 0.67°" 66.3 £ 5.1F 4.14 4+ 0.48e
Fish protein 7.04 4+ 0.51° 573+ 46 481 + 0.48*
Soybean protein 332 4+ 021° 25.6 4+ 3.9° 7.14 £+ 0.97°
Gluten 3,09 4+ 0.258 227 £ 2,70 5.68 + 0.628°

" Mean £ SE for six chicks.

°f Mean values in the same vertical column having diffetent superscript letters are significantly different from

one another (p < 0.05),

TABLE 5. EFFECT OF DIETARY AMINO ACIDS SIMULATING CASEIN AND SOYBFAN PROTEIN ON RODY
WEIGHT GAINS, FEED INTAKES, AND WEIGHTS OF THE LIVER AND ABDCMINAL FAT OF GROWING

CHICKS (EXPERIMENT 2)

Dietary Rady weight

_ protein gain
(g3 days)

Casein 51.5 4+ 5.0b"
Soykean protein 3924 578
Casein amino acids 30.4 £+ 3.14
Soybean protein amino acids  31.0 & 3.3°

Fecd Liver Abdominal fat
intake weight weight
(gf3 days/bird) (%) (%)
103 3.83 +0.28 0.34 4+ 0.05
96 3.91 +0.36 0.24 + 0.05
95 3.56 + 0.19 0.26 + 0.04
92 3.20 4 0.33 0.37 + 0.06

" Mean+ SE for eight chicks.

" Mean values in the same vertical column having diffcrent superseript letters are significantly different from

onc another (g < 0.01),
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examined. Body weight gains and feed intake of
chicks fed the casein diet tended to be greater,
although not statistically significant, than that
of those fed the other diets (table 5). When
diclary protein was replaced with the amino acid
mixture simulating either casein or soybean pro-
tein, the activitics of acetyl-CoA carboxylase and
falty acid synthetase in the liver were not dilferent
between the two groups fed amino acid mixtores,
although the activities of malic enzyme and citrate
cleavage enzyme tended to be lawer in the soy-
bean-type amino acid diet than in the cascin-type
amino acid diet {lakle 6). Furthermore, the acti-

vities of acetyl-CoA carboxylase and fauy acid
synthetase in the liver were significantly lower
in the casein-lype amino acid diet than in the
casein diet. Similarly, although triglyceride contents
in the liver and pisamma were higher in chicks
fed the casein diet than in thase fed the soybean
protein, there were no significant differences
between the two diets of amino acid mixture
based on casein or soybcan protein (table 7).
Thus, it is suggested that some mechanisms
ascribed to the protein itself as well as the amino
acid composition, are involved in the effects.

TABLE 6. EFFECT OF DIETARY AMINO ACIDS SIMULATING CASEIN AND SOYBEAN PROTEIN ON ACTVITIES
OF LIPOGENIC ENZYMES IN THE LIVER OF GROWING CHICKS (EXPERIMENT 2)

Acetyl- Fatty Citrate , Glucose-6-
. . . . Malic
Dietary protein CoA acd cleavage phosphate
enzyme
o _carboxylase synthetase enzyme dehydrogenase
{(nmole/min/mg protein)
Casein 2434 0.16%"7 434 4 0.40° 1307 £167° 1456+ 113> 521 4+ 0.50
Soybean protein  1.47 4 0.06* 311 + 0.36° 829 4+ 1168 934 4 129° 6.10 + 0.62
Casein amino 1.41 + 0.052 275+ 017" 795+ 848 1242 4 I56° 633 3 046
acids
Soybean protein  1.42 4 0.09% 240 4 0212 62.0 & 5.6° 969 + 7.6" 6.56 + 0.55

amino acjds

Y Meanst SE for cight chicks.

“b¢ Mean values in the samc vertical column having diffcrent superscript letters are significantly different from

one anather (p < 0.05).

TABLE 7. EFFECT OF DIETARY AMINO ACIDS SIMULATING CASEIN AND SOYBEAN PROTEIN ON CONTENTS
OF HEPATIC TRIGLYCERIDE AND PLASMA TRIGLYCERIDE AND NEFA OF GROWING CHICKS

(EXPERIMENT 2)

Dietary protein Lizen Biaama
e _Triglyceride Triglyceride NEFA
(mg/g) (mg/100 m)
Cascin 6.91 +0.91%" 54.1 + 8.0° 4.01 +0.33
Soybean protein 2.89 £ 0.2]2 353 £ 6.1° 531 £ 0.30
Casein amino acids 3.22 4 0.40° 290 +3.7® 6.81 4+ 0.56
Soybean protein amino acids 2.19 + 0.228 28 +3.0° S.87 £ 0.6!

¥ Mcan £ SE for eight chicks.

*® Mean valucs in the same vertical column having different superscript letters are significantly different from

one ancther (p < 0.05).
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