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EFFECT OF DIETARY PROTEIN SOURCE ON LIPID METABOLISM IN CHICKS
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The effect of dietary protein source (soybean, egg-yolk, whole egg and casien) on the lipid profile
of plasma and liver and excretion of fecal sterols in female Fayumi chicks was studied. Soy-protein had
a general hypo effect on blood and liver lipids and significantly increased fecal sterol excretion. Egg-yolk
and whole-egg proteins were found generally associated with high blood and liver lipids and low fecal
sterols. The mechanism of lipid lowering effect of plant proteins is discussed.
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INTRODUCTION

Diet is considered to play major role in hyperlipemia
and atherosclerosis. The role of nutritional factors such as
the type and concentration of dietary fat [14], the type of
carbohydrate, and dietary fibre [5-9] in changing plasma
lipid concentrations has been widely emphasized. However,
there have been indications that atherosclerosis might be
influenced by the kind of protein in diet [10]. Further-
more, epide-mological data derived from human popula-
tions indicate that positive correlation between animal
protein in the diet and mortality from coronary heart
disease is as strong as that between dietary fat and heart
disease [1,11,12]. Vegetarians are reported to have lower
plasma lipids [13-15] and dietary trials [10, 15] provide
evidence that level of plasma cholesterol can be reduced in
humans by substituting plant protein for animal protein
in the diet. The present investigations, therefore, were
effected to study the effect of different protein sources
(plant and animal origin) on serum and liver lipids and
excretion of sterols in female Fayumi chicks.

MATERIALS AND METHODS

The experiment was conducted with female Fayumi
chicks in the animal house of Department of Agricultural
Chemistry and Human Nutrition, NWFP Agricultural
University, Peshawar. Day old chicks were obtained from
Veternary Research Institute Poultry Farm, Peshawar, and
were fed for one month a commercial poultry diet pur-
chased from Messrs ANI-Feeds Co., Peshawar. The birds
were then divided into four groups, each consisting of four
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chicks and transferred to separate cages. Defatted soybean
flour and defatted powders of boiled whole-egg and egg-
yolk were used as protein source in the test diets, whereas
casein was fed to the control group of birds. Protein and fat
levels in the diets were 20 % and 15 % respectively. All the
birds were fed a hypercholesterolemia inducing diet con-
taining 0.5 % cholesterol [17] (Table 1). Water and feed
were fed adli-bitum throughout the feeding trial.

Table 1. Percent composition of 20 % protein diets.

Casein Soybean Egg-yolk Whole-egg
group group group group

(control)
Protein source 21.70 45.50 21.14 25.10
Fat (Hydrogenated oil) 15.00 15.00 15.00 15.00
Mineral mixture* 4.00 4.00 4.00 4.00
Vitamin mixture* 1.00 1.00 1.00 1.00
Cholesterol 0.50 0.50 0.50 0.50
Choline chloride 0.50 0.50 0.50 0.50
Starch 57.30 33.50 57.86 53.90
Total 100.00 100.00 100.00 100.00

*The composition of vitamin and mineral mixture was according to
Peterson et al [16].

At the end of one month feeding period the chicks
were starved overnight, blood was drawn through cardiac
puncture and the sera separated by the method of Oser
[18]. The chicks were then slaughtered and the livers
removed. Liver lipids were extracted by the method of
Folch et al. [19]. Cholesterol, triglycerides and phospho-
lipids in the sera and liver extract were determined by the
methods of Kim and Goldberg [20], Carlson and Wads-
trom [21] and Fiske and Subbarow as described by Var-
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ley [22], respectively. Fecal matter of the last 48 hr was
collected, air dried and ground. It was then extracted with a
1:1 chloroform: methanol mixture and sterols in the ex-
tract were determined by the method of Kim and Gold-
berg [20]. The results were statistically analysed using
T-test for paired data.

RESULTS AND DISCUSSION

Results on the effect of different protein sources on
the serum and liver lipid levels and fecal sterol excretion of
female chicks fed on hypercholesterolemia-inducing diet
are given in Table 2. Soybean fed birds had lower serum
and liver lipids compared to casein fed (control) birds.
However the effect was statistically insignificant except
in liver phospholipids in which case it was highly signifi-
cant (P < .01). Egg-yolk as well as the whole egg has oppo-
site effect on all body lipids as the birds fed on these pro-
tein sources had higher lipid contents than casein fed
birds. However, the increase by egg-yolk and whole egg
feeding was insignificant on serum phospholipids. Feeding
of soybean significantly (P < .01) increased sterols excre-
tion over that of casein fed birds. Feeding of egg yolk and
whole egg had no significant effect and the sterols excre-
tion was comparable with that of control birds fed casein
as protein source.

Other investigators have reported substantial -reduc-
tion in plasma cholesterol associated with soybean protein
feeding in chicks [23], rats [24] and pigs [25]. The
hypocholesterolemic effect of soybean protein feeding has.

also been demonstrated in rabbits fed on diets low in fat
and devoid of cholesterol, but lactalbumin and egg white
were associated with increased plasma cholesterol [10,26].
An enzymatic digest of soy-protein gave a low level of
plasma cholesterol similar to that obtained with the intact
protein in rabbits, and soy-protein isolates could partially
counteract the hypercholesterolemic effect of casein [27].
Our results also agree with those of Hevia and Visek [28]
on chicks who reported that soybean protein feeding dep-
ressed plasma cholesterol compared to lactalbumin and egg
white solids.

A number of dietary trials on human beings indicated
cholesterol lowering effect of vegetable proteins [29-35].
Some workers, however, suggested that this effect might
have been due to variations in dietary constituents other
than protein [35-37]. Nevertheless, Carroll [38] and
Sirtori et al [29] clearly demonstrated decrease in plasma
cholesterol in healthy and hypercholesterolemic human
beings respectively with soyprotein diets in comparison
to diet containing animal protein.

The mechanism by which dietary protein affect the
plasma and tissue lipid levels is yet not fully understood.
The observed decrease in lipids with plant proteins could
arise from decreased synthesis and absorption of lipids,
and/or increased secretion of steroids. Feeding of soy-
protein to chicks in the present study, feeding of whole
grain and their lipid extracts [17], and administration of
unsaturated lipids to rats [40, 41] increased fecal excre-
tion of sterols and bile acids. Therefore, an increased
excretion of cholesterol/bile acids in feces might be one of

Table 2. Effect of feeding of soybean,whole-egg and egg-yolk proteins on serum and hepatic lipids and fecal sterols in

female Fayumi chicks.
Serum mg/100 ml Liver mg/100 g
Cholesterol Triglycerides Phospholipids Cholesterol Triglycerides Phospholipids Fecal sterols
mg/chick/
48 hr.
Control 15841 £26.41 151.87 £21.43 224.50 £0.89  208.00 58 268.00 £ 83 425.00 £81.00 100.00 £9.80
Soybean  135.82 £11.63 146.50 £11.07 174.50 £0.50 206.00 £0.93  247.00 £22.00 257.00 *14.24 314.00 £16.50
1426 D 335D 22.27D 0.96 D 7.80 D 39.52D 2141
(N'S) (NS) (N S) (NS) (NS) (®<0.01) (¢ <0.01)
Egg-yolk  415.74 £61.12 273.75 £33.80 245.75 £0.88 526.00£12.00 520.00£19.00 1260.00 £5.2 117.0%56
162.441 80.251 9461 1521 94.02D 194471 171
® <0.05) P <0.05) N S) @®<0.01) @®<0.01) @®<0.01) (NS)
Whole egg  383.33 £52.2 215.62 £19.62 166.66 £5.9 500 £19.00 494.00 £19 1250.00 £11.72 99.00 £8.8
141981 41971 25.75D 1401 84.321 194.11 1 1.00D
® <0.05) ® <0.05) NS) ® <0.01) @® <0.01) ® <0.01) (NS)

All values are average of four independent determinations from four chicks (Mean * Standard Deviation).
D = % Decrease over control, 1 = % Increase over control, NS = Nonsignificant.
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the possible mechanisms of lipid lowering action of plant
foods. Oxidation and turnover rate of cholesterol were
slower in rabbits on casein diet than those on either chow
diet [8] or diet with soyprotein isolate [42]. This might
be one of the reasons for the hypocholesterolemic res-

ponse to plant proteins diets. Coenzyme A (CoA) which

has a functional sulphydral (-SH) group, plays an impor-
tant role in acetylation [43], and in the synthesis of
cholesterol [44]. Reports of Bagchi et al. [45] indicate
that serum cholesterol level in rats correlate closely with
sulphydral content of liver. It can be, therefore, presumed
that the biosynthesis of cholesterol can be inhibited in
animals fed plant protein diets.

REFERENCES

Pt

W.E. Conner and S.L. Conner, Prev. Med., 1, 49 (1972).
. J.T. Anderson, F. Grande and A. Keys, J. Am. Dietet.
Assoc., 62, 133 (1973). ‘

. R. Zeiser, Am. J. Clin. Nutr., 26, 524 (1973).

. J. Stamler, Arch. Surg., 113, 21 (1978).

. J. Yudkin, Proc. Nutr. Soc., 31, 331 (1972).

. H. Trowell, Am. J. Clin. Nut., 29, 417 (1977).

. A.S. Truswell, Nutr. Rev., 35, 51 (1977).

. D. Kritchevsky, S.A. Tepper and J.A. Story, J. Fd.

Sci. 40, 8 (1975).

9. D. Kritchevasky, Arch. Surg., 113, 52 (1978).

10. K.X. Carroll and R.M.G. Hamilton, J. Fd. Sci., 40,
18 (1975).

11. J. Yudkin, Lancet, 11, 155 (1957).

12. J. Yerushaimy and H.E. Hilleboe, State J. Med., 57,
2343 (1957).

13. M.G. Hardinge and F.J. Stare, J. Clin. Nut., 2, 83
(1954).

14. F.M.” Sacks, W.P. Castelli, A. Donner and E.H. Kass,

" New Engl. J. Med., 292, 1148 (1975).

15. K.S. Mathur, P.N. Wahi, D.S. Gahlant, R.D. Sharma
and S.K. Srivastava, Indian J. Med. Res., 49, 605
(1961).

16. .D.W. Peterson, W.H. Hamilton and A.L. Lilyblade,
J. Nutr., 101, 347 (1971)..

17. K.S. Mathur, S.S. Singhal and R.D. Sharma, J. Nutr.,
84, 201 (1964). ;

18. B.L. Oser, Hawk's Physiological Chemistry (McGraw
Hill Publishing Co. Ltd., New Dehli, 1976), pp.361.

19. J. Folch, M. Less and G.H. Sloan-Stanley, J. Biol.
Chem., 226,497 (1957).

20. E. Kim and M. Goldberg, Clin. Chem., 15, 1171

(1962).

[\

0 30 Lt AW

21. L.A. Carlson and L.B. Wadstrom, Clin. Acta., 4, 197
(1959).

22. S. Varley, Practical Clinical Biochemistry, (William
Heinemar Medical Books Ltd., London, 1963) 3rd ed.,
pp- 371-73.

23. D. Kritchevsky, R.R. Kolman, R.M. Guttmacher and
M. Forbes, Arch. Biochem. Biophys., 85, 444 (1959).

24. N.R. Yadeve and L.E. Liener, Nutr. Rep. Int., 16, 385
1977).

25. D.N. Kim, K.T. Lee and W.A. Thomas, Fed. Proc., 37,
747 (1978).

26. RM.G. Hamilton and K.K. Carrol, Atherosclerosis,
24,47 (1976).

27. M.W. Huff, RM.G. Hamilton and K K. Carrol, Athero-
sclerosis, 28, 187 (1977).

28. P. Hevia and W.J. Visek, J. Nutr., 109, 32 (1979).

29. C.R. Sirtori, E. Agradi, F. Conti, O. Mantero and E.
Gatti, Lancet, 1, 275 (1977). .

30. R.E. Olson, J.R. Jablonski and E. Taylor, Am. J.
Clin. Nutr., 62, 111 (1958a).

31. R.E. Olson, J.W. Vester, D. Gursey, N. Davis and D.
Longman, Am. J. Clin. Nutr., 6, 310 (1958b).

32. G.R. Walker, E.H. Morse and V.A. Overley, J. Nutr.,
72,317 (1960).

33. R.E. Hodges, W.A. Krehl, D.B. Stone and A. Lopez,
Am. J. Clin. Nutr., 20, 198 (1967).

34. R.E. Olson, G. Bazzano and J.A. D’Elia, Trans. Assoc.
Am. Physicians, 83, 196 (1970).

35. R.E. Olson, M.Z. Nichaman, J. Nithaka and J.A.
Eagles, Am J. Clin. Nutr., 23, 1614 (1970).

36. J.T. Anderson, F. Grande and A. Keys, Am. J. Clin.
Nutr., 24, 524 (1971).

37. A.Keys, Am. J. Clin. Nutr., 20, 1249 (1967).

38. P. Helms, Lancet, I, 805 (1977).

39. K.K. Carroll, Nutr. Rev., 36, (1978).

40. S.0. Byers and M. Friendman, Proc. Soc. Exp. Biol.
Med., 98, 523 (1958).

41. O.W. Portman and L. Sinistera, J. Exp. Med., 106,
727 (1957). 4

42. M.W. Huff and KK. Carroll, Fed. Proc., 36, 1104
(1977).

43. F.E. Olsen and F.J. Stare, J. Biol. Chem., 190, 149
(1951).

44. L. Jaenicke and F. Lynen, Coenzyme A. in “The
Enzymes” eds. Boyer, H. Lard, and K. Myrback,
(Part B) (Academic Press, New York, 1960), Vol. 3,
p. 94

45. K. Bagchi, R. Ray and T. Datta, Am. J. Clin. Nutr.,

13, 232 (1963).



