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Comparative Studies of the Combined Dietary Animal
and Vegetable Proteins on Growing and Blood
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Abstract

In order to investigate the effect of the combined dietary animal and vegetable proteins on growing fe-
male and male rats and mice. 25 female and 25 male rats of 4 weeks old weigmng approximately 43-65
g and 47-60g, respectively, were subjected to feeding trials for 4 weeks and then subsequently to met-
abolic trials for 10 days. In case of mice, 25 female and 25 male mice of 4 weeks old weighing appr-
oximately 12-17g and 12-16g, respectively, were equally treated

The dietary energy level was set as 3600 kcal ME /kg, and protein and fat provided respectively 12
and 5% of the dietary energy. The rest 83% of the energy level was supplied with appropriate amou-
nts of starch and glucose. The following results were obtained. The body weight gain of female and
male rats were increased as the combined dietary animal protein level increased. Whereas that of
male mice was the highest for the diet E(Ap 104+Vp90). Food efficiencies both of female and male
rats were improved as combined dietary of animal protein increased. Male rats were superior to
that of female. In the mice, the food efficiency value of male mice was superior to that of female.
And the values of the male showed the same fashion asthat in the growth rate, although it was not
for the female. Protein efficiencies, both of female and male rats, were improved as combined dietary
of animal protein level increased. That of male mice was in accord with the body weight gain and food
efficiencies. But that of female mice - was not accordant . Nitrogen retention of the experimental
diets in the same protein level was in proportion to nitrogen intake.That of male mice was improved ’
as animal protein level increased, but, that of female mice was not. Body protein utilizability was
found to be superior in mice to rats., Blood serum protein level was not found to be affected by
the experimental diets in the same protein level. The best combination ratio of animal and vegetable
protein seems to be variable depending on the sex and species of animals, and the best diets for fe-
male and male rats and female and male mice were found to be experimental diet A{(Ap 10+ Vp 90)
or diet B(Ap 75+Vp 25),diet C(Ap 504Vp 50) and diet E(Ap 10+ Vp 90), respectively. From the
above-mentioned results that there was no difterence in growth rate or body weight gain from
the weanling period to puberty, and that the protein requirements of rats -and mice v-=ve different

from each other.
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Table 1. Combination ratio of experimental diets.
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Iable 2. Formula and chemical composition of experimental diets.

A B C D E
Ingredients :

Ap:Vp Ap:Vp Ap:Vp Ap:Vp Ap:Vp

90:10 75:25 50:50 25:75 10:90
Casein +fish meal 14. 21 11.84 7.89 3.95 1.58
Soybean protein 1.30 3.26 6.52 9.78 11.74
Glucose 10. 00 10. 00 10. 00 10.00 10. 00
Corn starch 61.91 62. 45 63. 34 64.21 64.74
3Soybean oil 5.28 5.15 4.95 4.76 4,64
Cellulose 3.00 3.00 3.00 3.00 3.00
Vitamin Mix. 0.30 0.30 0.30 0.30 0.30
Mineral Mix. 4,00 4.00 4.00 4.00 4.00
Crude protein (% ) 12.29 12. 34 11.71 12,07 12.11
ME (Kcal / kg) 3600. 30 3599, 80 3599.70 3600. 30 3600. 30

1) Energy value used : corn starch: 3,650 keal/kg
casein : 4,051 kcal / kg

soybean oil : 9,240 keal/ kg

2) Cellulose : alpha cellulose, Sigma chemical compony

3) Vitamin mixture (in IU or milligrams per gram of mixture) : Vitamin A, 500 IU ; Vitamin D, 400 IU ; Thiamin
HCl, 5 ; Pyridoxine HC), 0.5 ; Cyanocobalamin, Smeg ; Vitamin K, 0.2 ; Ascorbic acid, 50:

4) Mineral Mixture (%) : CaCQ, 29.29 ; CaHPQ, 2H,0, 0.43; KH,PO,, 34.41; NaCl, 25,06 ; MgSO,-7H,0, 9.98;
CuSQ,-5H,0, 0.156 ; Fe (C,H,0,) -6H,0, 0.623 ; MnSO,-H,0, 0.121; ZnCl,, 0.02 ; KI, 0.0005 ; (NH,) Mo,O1-
4H,0, 0.0025 :
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Table 3. Performance data of male rats fed experimental diets.

A B C D E
Items Ap: Vp - Ap:Vp - Ap:. Vp Ap: Vp Ap: Vp
90:10 75:25 50 : 50 25:75 10 : 90

Initial weight (g}  52.8+ 0.90* 52.5+0.76 52.4 £0.66 52.1 £0.61 53.1 =0.49
Final weight (g) 197.24 5.84  183.246.48 147.3 +4.12 140.2 +£3.09 122.0 +2.52

Weight gain**(g)  144.47% 5.09°° 130.7£5.93°°°  93.9 14 49"%¢%* 8§ 1 +3 445% gg g +2 ]1]4¢
Food intake (g) 395.6--11.38°¢ 386.5+9.80%°°® 319.9 +4.90%¢337,0+ 9, 08*%e> 299, 4 17,1740

Food efficiency

 Food eff 0.3+ 0.010  0.340.009  0.290,009  0.26+0.002  0.23£0.002
Protein intake (g) 48.6% 1.40  48.04119  37.6 £0.57  40.7 +1.27  36.2 +0.87
Protein efficiency 5 g7+ 0.05  2.72:0.09 2.49%0.09  2.16%0.04  1.90%0.02

* Means + SEM

% %  Differences between the combined ratio of dietary protein are significant (p <7 0.01).

* % * Differences between the combined ratio of dietary protein are significant (p < 0.001).
Different large superscripts represent significant difference (p<C 0.01) in the same row

Different small“superscripts represent significant difference (i <_0.05) in the same row

0
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Rody weight (gm)
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(Weeks) (weeks)
Fig. 1. Weekly body weight changes of male rats. Fig.2. Weekly body weight changes of female rats
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Table 4. Performance data of female rats fed experimental diets.

Items A B C D E

Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp

90 : 10 75:25 50 : 50 25: 75 10 : 90
Initial weight () 52.7+1.36* 5134084 50.7=0.71 50.8-+0. 83 50.4+0. 93
Feial weight (z) 157.3+1.21  156.5+2.26  132.5+3.13  137.343.14 131 1+4.33
Weight gain** (g) 104.6+1.56cc 105.2+2.3%cc  81.8+2 82rm0 86 542 g6Asad 80,744, 124@
Food intake (g) 348.1+3.26  369.0+7.30 325 1+9.18  328.0+5.32  334.248.60
Food pfficiency ¢, 3020.004c¢ 0,280, 00448cocs 0, 250, 007488 0, 260, 0054°6%0, 240, 009"
Protein intake (g)  42.8+0. 40 45.5+0.90 38. 11,07 39. 60, 64 40.5+1.04
Protein efficiency o 4440 038« 2,310, 04 assea 2. 1450, 06 s 21840, 0dasas 1. 9940 (74e

ratio » =

*  Means + SEM

* % Differences between the combined ratio of dietary protein are significant(p <0.01)

Different large superscripts represent significant difference (p <0.01) in the same row.

Different small superscripts represent significant difference (p <0.05) in the same row.

Table 5. Performance data of male fed experimental diets.

Ttems A B C D E

Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp

90 : 10 75:25 50 : 50 25:75 10 : 90
Initial weight (g)  13.3%0.25*  13.220.31  13.4%0.28  13.120.19 1344012
Final weight (g)  25.3+£0.3¢  24.5£0.76  27.8+0.70  25.1% 030  21.5%0.73
Weight gain (g)  12.0£0.36m  11.3+0.55*  14.4+0.89  12.0+0.26% 8 1+0.62
Food intake (g) ~ 141.6%5.71  120.6+0.71  125.0+4.96  149.0%2.90  120.5+4.40
Food efficiency ¢ 08+-0. 004xsme 0,090, 008405 0,120,008 0. 080,002 e 0,070, 002+
Protein intake (2} 17.4+0.70  14.9%0.25  14.6+0.58  18.0+0.35  14.640.53

Protein efficiency
ratio * *

0.78+0.04 asacc . 7610, 0948asca (. 9910, 10 8¢

0.66%0.014°« 0,55+0.044a

*  Means £ SEM

* % Differences between the combinec ratio of dietary protein are significant (p <(.01)

Different large superscripts represnt significant difference {p <0.01)in the same row.

Different small superscripts represent significant difference (p <0.05) in the same row.
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Fig. 3. Weekly body weight changes of male mice
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Fig. 4 Weekly body weight changes of female mice.

Table 6. Performance of female mice fed experimental diets.

{tems A B C D E

Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp

90 : 10 75: 25 50 : 50 25175 10 : 90
Initial weight (g) 14.740.29°  14.9+0.41 14.5+0. 29 14.0-+0. 27 14.6+0. 12
Final weight (g) 24.740.35 24.740.51 21.940.77 23.140,57 95.7+0. 42
Weight gain  (g) 10,040, 12 9.8+0.92 7.4+0.73 9.1+0.55 11. 140.51
Food intake (g) 119.4+3.40 126.4%3.75 118.5+4.88 117.4+3.97 129.8+3. 41
Food efficiency (,08+£0.002°* 0.0840.002%® 0,06+0.004  0.08:0.003* 0090, 002*"
Protein intake (g)  14.740.42 15.60. 29 13.9+0. 57 14.2+0. 48 15.70. 41
Protein efficiency o g1 04 0.6240.04 0.53+0.02 0.64+0. 07 0.7120.02

ratio

* Means = SEM

% % Differences between the combined ratio of dietary protein are significant (p < 0.001).

Different large superscripts represent significant difference (p < 0.01) in the same row.

Different small superscripts represent significant difference (p < 0.05) in the same row.
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'Table 7. Effect of dietary animal to vegetable protein on nitrogen retention of male rats.

A B C D E
Items Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp
90: 10 75:25 - 50 : 50 25:75 10 : 90
Nitrogen intake (mg/day) 158.5 173.4 239.2 172.9 180.4
Fecal nitrogen (mg/day) 16.8 20.4 24,1 23.6 17.4
Digested nitrogen (mg/day) 141.7 152.9 215.1 149. 3 163.0
% of Nitrogen intake (% ) 89.40 88.22 89. 44 86. 33 90. 35
Urinary nitrogen  (mg/day) 102.1 93.8 103.9 32.9 92.4
Nitrogen balance  (mg/day) 39.6 59.2 111.2 56. 4 70.6
Nitrogen retention (%) 24.98 34.14 46. 49 32.62 39.13
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Table 8. Effect of dietary animal to vegetable protein on nitrogen retention of female rats.

A B C D E
Items Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp
90: 10 75:25 50 : 50 25: 75 90 : 10
Nitrogen intake (mg/day) 185.3 175.8 174.5 184. 7 114.7
Fecal nitrogen (mg/day) 19.6 21.6 18.3 19.4 17.8
Digested nitrogen (mg/day) 165.7 154.3 156. 2 165. 2 96.9
% of Nitrogen intake (%) 89. 44 87.73 89.50 89. 47 84.50
Urirary nitrogen  (mg/day) 98.9 98.1 80. 4 85.9 64.6
Nitrogen balance  (mg/day) 66.8 56. 1 75.8 79.4 32.3
Nitrogen retention (%) 36.05 31.91 43. 44 42.99 28.16
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Table 9. Effect of dietary animal to vegetable protein on nitrogen retention of male mice.

HRERAERE

Items A B C D E
Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp
90:10 75:25 50 : 50 25:75 10 : 90
Nitrogen intake (mg/day) 53.9 46.9 56.5 65.8 52.4
Fecal nitrogen (mg/day) 7.2 5.8 7.9 6.7 5.2
Digested nitrogen (mg/day) 46.5 41.1 48.6 59.1 47.2
% of Nitrogen intake (% ) 86.57 87.67 86. 02 89.77 90. 05
Urinary nitrogen  (mg/day) 4.9 8.1 12.1 11.9 25.4
Nitrogen balance  (mg/day) 41,7 33.0 36.5 47,2 21.8
Nitrogen retention (% ) 77.51 70. 36 64. 60 71.73 41.60
Table 10. Effect of dietary animal to vegetable protein on nitrogen retention of female mice.
Items A B C D E
Ap: Vp Ap: Vp Ap: Vp Ap: Vp Ap: Vp
90:10 75:25 50 : 50 25:75 10 : 90
Nitrogen intake (mg/day) 64.2 58.0 59.4 49.8 63.3
Fecal nitrogen (mg/day) 7.5 6.9 7.2 5.8 5.8
Digested nitrogen ({(mg/day) 56.7 51.0 52.2 43.9 57.5
% of Nitrogen intake (%) 88. 37 88. 02 87.87 88. 25 90. 88
Urinary nitrogen (mg/day) 19.9 12.9 23.1 17.9 24.9
Nitrogen balance  (mg/day} 36.8 38.2 29.1 26.1 32.6
Nitrogen retention (%) 57.32 65.86 . 48.99 52.41 51.50
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Table 11. Total protein, urea nitrogen and cholesterol Table 13. Total protein, urea nitrogen and cholest-

content of serum within the combined
ratio of dietary protein in male rats.

erol content of serum within the combi-
ned ratio of dietary protein in male mice.

Constituents Total protein Urea nitrogen Cholesterol

(8/100ml)  (mg/100ml)  (mg/100ml)
Treatments

Initial 7.56+0.78
AAp:V 8.45+1.29
98: 16)

14.40£1.99 67.62% 7.75
7.44%0.55 85.89% 1.01

Bz; ;@ 6.98+0.16  7.86%0.67 85.46113.47

C!g \5/8 7.96+0.95 9.20+2.04 85.64+16.79
D AE : V;‘,’ 7.27£0.99  11..57%£0.99 91.38% 3.43

25:7
7.89+1.29 9.9410.37 89.35% 4.47

Bl

Table 12. Total protein, urea nitrogen and cholest-

erol content of serum within the combi-

ned ratio of dietary protein in female rats.

Constituents Total protein Urea nitrogen Cholesterol
{g/100ml) {mg/100ml)  (mg/100mi)

Treaiments

8.03£0.60
8.74=1.77

14.3411.64 89.23* 8.68
10.4010.57 72.94% 4.66

Initial

A Ap:Vp
9 :10

B Ap:Vp
75:25

C Ap:Vp
50 : 50

D Ap:Vp
2%:75

E Ap:Vp
10 : 90

7.60£0.73  9.88%1.69 70.93% 4.10

9.07£1.37 15.82+1.81 89.44+ 7.61
8.54+0.73  16.39%3.01 83.78%+ 1.83

8.43+£0.69  19.03+5.60 84.76% 5.60
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Constityents Total protein Urea nitrogen Cholesterol

(g/100ml)  (mg/100ml)  (mg/100mi)

Treatments

Initial 7.22 17.95 129.75

A Ap:Vp 8.53 15.25 105.07
90: 10

B Ap:Vp 9.05 21.69 —
75:25

C Ap:Vp 9.49 10. 08 152. 40
50 : 50

D Ap:Vp 1.31 20,98 155. 02
25:75

E Ap:Vp 8.63 5.94 —
10:90
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Table 14. Total protein, urea nitrogen and cholest-
erol content of serum within the combi-

ned ratio of dietary protein in female mice.

Constituents Total protein Urea nitrogen Cholesterol

{g/100ml) (mg/100ml)  (mg/100ml)

Treatments

Initial 7.4 19.95 120.59

A Ap:\p 7.79 21.03 129.88
90: 10

B Ap:\p 7.79 23.90 150. 02
75: 9%

C Ap:\p 8.16 16.08 115.81
50 : 50 _ )

D Ap:\p 7.79 20.08 " 133.20
2%5:75

E Ap:Vp 9.67 T ¥/ _—

10:90
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