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Effects of Dietary Protein Level on Milk Composition and
Postnatal Growth in Rats

Kim, Wha Young - Kim, Jee Yoon - Hong, Kyoung Hee * Lee, Hyun Sook
Department of Food & Nutrition, College of Home Science, Ewha Wamans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effect of dietary protein level throughout gestation and lactation on milk composition
and on postnatal growth in infants, using rats as an animal model. Female Sprague-Dawley rats were provided with either high(25%
ISP(Isolated Soy Protein)diet) or low protein diet(10% ISP diet) throughout gestation and lactation. Milk samples were taken for
analysis from the lactating rats at days of 7, 14, 21, of lactation. Dams and some pups were killed after 4 weeks from parturition
(Experiment 1). Pups from dams of each diet groups were randomly selected and reared with 25% or 10% ISP diet for 4 morc weeks
(Experiment 2). In experiment 1, marernal protein intake and body weight gain throughout gestation and lactation was higher in
25% ISP group. Serum protein, Ca, Fe, Zn, K concentrations were significantly higher in 25% ISP group. There was no differcnce in
birth weight between two groups, however the mean body weight at 4 weeks postpartum was significantly higher in 25% ISP group.
Serum profiles of pups at weaning were similar to that of dams. Milk compositions were changed during lactation processes and
were affected by dietary protein level, Lactose and Ca, Cu, Fe concentrations in milk were higher in 25% ISP group, whereas, lipid,
triglyceride were higher in 10% ISP group. In experiment 2, food intake was higher in pups from dams of 25% ISP group but was
unaffected by pup's dietary protein level after weaning, The weights of liver and kidney were affected by maternal protein intake.
The weight of intestine was affected by both maternal protein intake and pup's diet. The weights of femur and scapula were affected
by maternal protein intake. There were no differences between four groups in serum profiles. Therefore, as mentioned above, it
seemed that the effect of maternal protein malnutrition to fetus was able to be overcome to some extent by high protein diet intake
after weaning, In conclusion, 1) Dietary protein level throughout gestation and lactation affected both nutritional status of dams
and pups and milk composition: 25% ISP group supported better nutritional status than 10% ISP group. 2) It seemed that effect of
dietary protein level after weaning on pups was able ro be overcome the influence of maternal diet in fetus to some extent. (Korean
J Nutrition 32(8) : 855~-863, 1999)
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Table 1. Composition of experimental diets(g/kg diet)

Groups

Ingredients 10% ISP(L) 25% ISP(H)
Corn starch 711.5 559.25
Isolated soy protein 100 250
Corn oil 100 100
Salt mixture” 35 35
Vitamin mixture® 10 10
Choline chloride 2 2
DL-methionine 1.5 3.75
Methyl-cellulose 40 40

1) Salt Mixture(g/kg mixture): calcium phosphate, dibasic 500 : So-
dium chloride 74 . Potassium citrate, monohydrate 220 ; Potassium
sulfate 52 : Magnesium oxide 24 . Manganous carbonale 3.5 : Fe-
rric citrate 6 ; Zinc carbonate 1.6 : Cupric carbonate 0.3 ; Potassi-
um iodate 0.01 ; Sodium selenite 0.01 : Choromium potassium sul-
fate 0.55 ; Sucrose, finely powdered to make 1000g

2) Vitamin Mixture(mg/kg mixture): thiamin - HCl 600 : Riboflavin
600 . Pyridoxine. HCl 700 : Nicotinic acid 3000 . D-Calcium pan-
tothenate 1600 : Folic acid 200 : D-Biotin 20 : Cyanocobalamine 1
: Retinyl palmitate or acetate 400,000 1U vitamin A activity . dl-o-To-
cophery!l acetate 5000 IU Vitamin E activity . Cholecalciferol 2.5 :
Menaguinone 5 : Sucrose, finely powdered to make 1000g
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Table 2. Diet intake, protein intake and body weight increase of dams during gestation and lactation

Period Groups Diet intake(g/3weeks) Protein intake(g/3weeks)  Body weight increase(g/3weeks)
C H©? 4775 + 216" 1194 + 54 1038 = 8.7
Gestation
L(TT) 4603 £ 17.5 46,1 £ 1.7* 764 + 49*
) H(9) 677.2 £ 339 222.6 £ 50.3 -90.2 = 0.1
Lactation
L(11) 651.6 + 18.2 60.6 = 4.8% -111.4 £ 111
1} For 3 weeks of gestation 2) { ) numbers 3) Mean + SE

4) For 3 weeks of lactation H: 25% ISP diet group
*Groups differ significantly(p < 0.05) by t-test

L: 10% ISP diet group
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Fig. 2. Weight changes of pups during 8 weeks postpartum.
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Table 3. Effect of dietary protein level on biochemical values in serum from dams and pups(4 weeks postpartum)

Dams Pups
H©)" L H(9) L(12)
Hct(%) 444 =+ 06 370 + 09¢ 399 £ 05 360 £ 067
Protein{g/dI) 98 + 07 60 =+ 05* 59+ 0.6 56 £ 09
Lipid(mg/dl) 2777 £+ 20.8 3373+ 2927 2344 + 67 265.4 + 57.6
Cholesterol(mg/dl) 959 + 13.2 152.8 =+ 2037 767 = 4.9 899 =+ 327
Trigyceride(mg/dl) 1084 =+ 147 1039 + 87 142.7 £ 14.2 165.9 =+ 44.7
Ca(ppm) 523 &+ 27 389 =+ 4.0* 515 £ 2.6 335 + 427
Mg(ppm) 230 x 12 26 = 30 214 + 0.7 174 + 09
Cu(ppm) 1.27 = 0.0 110 £ 017
Fe(ppm) 749 + 033 552 + 0.60*
Zn(ppm) 0.360 + 0.013 0.308 + 0.019*
K(ppm) 8742 =+ 333 4404 & 55.3*
Na(ppm) 33280 + 462.1 33333 £ 3567
1) () numbers 2) Mean + SE

*Groups differ significantly(p < 0.05) by t-test

1 Groups differ significantly(p < 0.1) by t-test
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Table 4. Effect of dietary protein level on mitk composition during lactation
Period 1 Week 2 Weeks 3 Weeks gp?
; Groups
Nulrients H L H L H L
Protein(g/dl) 146 £ 05" 153 + 06 143 + 04 130 £ 0.5* 157 £ 07 13.8 = 09 NS
Lipid(g/dl) 94 £ 15 161 £ 1.4* 104 = 07 150 = 19 81 = 07 105 = 1.0 A B
Triglyceride(g/dl) 34 = 08 38 + 07 32 + 03 72 + 1.9* 35 £ 04 41 = 03 A B, A*B
Cholesterol(mg/dl) 6077 £ 58.7 876.2 + 22.4* 749.8 + 160 7740 *+ 55.6 6426 + 1546 586.3 + 1464 NS
Lactose(g/dl) 157+ 012 1Ll14x 014* 195+ 0.4 180+ 0.14 193+ 0.0 185+ 013 A B
Ca(ppm) 1986.7 £ 130.5 2429.6 + 123.0* 20453 + 1445 30327 £191.4* 24533 £ 1657 31319 £ 103.6 A B
Mg(ppm) 2524 £ 126 2554 + 150 2465 £ 123 2700 + 26.2 2562 £ 136 2503 &£ 171 NS
Culppm) 382+ 011 4241 011* 382 010 442+ 008 402x 0.8 434+ 0.05 A
Fe(ppm) 782+ 012 734+ 012¢ 742+ 047 6.59 £ 0.25* 570+ 0.14 514+ o2 A, B
Zn(ppm) 2049+ 281 1701 083 1658 4.18 1428+ 1.59 1891+ 4.21 2150+ 853 NS
K{ppm) 1590.0 £ 749 15176 + 709 14050 =+ 523 13574 *+ 656 14083 &+ 54.7 13519 = 93.0 NS
Na(ppm) 5797 + 972 4944 + 702 7015 £1207 4083 + 48.7* 3460 * 49.3 464.3 + 664 A*B
1) Mean + 5E *Groups differ significantly(p < 0.05) by t-test at the period

2) Significant Factor:Statistical significance was calculated at p < 0.05 by 2-way ANOVA

A: Dietary protein level
A*B: Interaction between dietary protein level and lactating period

B: Lactating period
NS: not significant
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Table 5. Diet intake, protein intake, body weight increase, food efficiency ratio and protein efficiency ratio of pups during experimental pe-

riod"
Diet intake Protein intake Body weight increase Food efficiency ratio  Protein efficiency ratio
(g/4weeks) (g/4weeks) (g/4weeks) (F.ER) (P.ER.)
HH(6)* 526.1 =+ 13.3% 1315 £ 3.3% 1673 = 0.1° 0.318 + 0.014° 1.274 + 0.057*
HL{6) 577.0 £ 16.7° 57.7 = 1.7¢ 1143 + 7.6° 0.200 + 0.009° 1.973 + 0.093°
LH(6) 436.7 + 5.6° 1092 £ 1.4° 135.8 + 6.1° 0.287 = 0.01¢6° 1.235 £ 0.065°
LL(5) 378.6 + 14.3° 379 + 1.4° 745 £ 2.2° 0.210 + 0.005" 2.104 + 0.046°
SF? A A B A B B B

1) For 4 weeks from 5 weeks postpartum

HHM: pups of 25% ISP group from dams of 25% ISP group
LH: pups of 25% ISP group from dams of 10% ISP group
2) ( ): numbers

HL: pups of 10% ISP group from dams of 25% ISP group
LL: pups of 10% ISP group from dams of 10% ISP group
3) Mean =+ SE

4) Values with different superscripts among 4 groups were significantly different at p <{ 0.05 by Duncan's multiple range test
5) Significant Factor:Statistical significance was calculated at p < 0.05 by ANOVA

A: Dams' dietary protein level during gestation and lactation

B Pups' dietary protein level
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Table 6. Effect of dietary protein level on pups' organ and bone weights(8 weeks poslpartum)
HH(6)" HL( LH{6) LL(5) SF
Liver Weight(g) 853 =+ 0.44* 6.52 + 0.41"™ 6.13 + 0.43° 414 +0.21° A
Weight/100gBW(g/100g) 341 + 0.11° 3.02 & 1.46° 3.80 £+ 013 357 £047° A
Kidney Weight(g) 260 =+ 0.29° 272 £+ 047 1.82 =+ 0.29° 2,16 + 0.01® A
Weight/100gBW(g/100g)  1.05 + 0.12° 1.26 =+ 0.04° 111 £ 0.14° 1.86 + 0.05° A B
Intestine Weight(g) 3.1 £ 0.22° 291 + 0.23° 276 + 047 1.79 £ 022° A B
Weight/100gBW(g/100g) 1.27 +0.12° 135 + 0.08° 172 x0a7 1.52 & 015" A
Spleen Weight(g) T 1.50 £ 030 1.44 =+ 0.06 1.25 +0.20 123 £017 NS
Weigh/100gBW(g/100g)  0.55 =+ 0.13° 0.67 + 0.05° 077 £ 0.11% 1.05 + 0.13° A, B
Thymus Weight(g) 099 +0.16 1.16 =+ 0.06 0.82 + 019 091 + 002 B
Weight/100gBW(g/100g)  0.40 =+ 0.07° 0.54 + 0.01° 0.53 + 0.10° 0.79 + 0.03" A B
Femur Wet weight(g) 0.649 + 0.034* 0.658 + 0.032° 0.435 + 0.033° 0.436 + 0.075° A
Dried weight(g) 0.371 £ 0.013" 0.343 + 0.020° 0.237 + 0.019° 0.236 + 0.034° A
Scapula Wet weight(g) 0.166 + 0.007° 0.149 + 0.012° 0.113 £ 0.011° 0.098 £ 0.005 A
Dried weight(g) 0.093 % 0.003" 0.093 £ 0.006° 0.073 + 0.005° 0.061 == 0.002° A

numbers

N

2) Mean + SE

3) Values with different superscripts among 4 groups were significantly different at p < 0.05 by Duncan's multiple range test
4) Significant Factor: statistical significance was calculated at p < 0.05 by ANOVA

A: Dams' dietary protein level during gestation and lactation
NS: not significant
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Table 7. Effect of dietary ireatment on biochemical values in serum from pups(8 weeks postpartum)

HH(6)" HL(6) LH(6) LL(S) SFY
Hct(%) 429 =+ 18" 437 £ 17 388 + 28 405 + 09 NS
Protein(g/dl) 75 + 10 84 + 15 95 = 1.1 76 + 17 NS
Lipid(meg/dr) 3111 £+ 583 2009 =+ 396 2325 £ 54.7 2605 + 57.3 NS
Cholesterolmg/dl) 1463 £ 219 1021 + 112 985 + 202 866 + 160 NS
Triglyceride(mg/d) 1014 =+ 14.0 979 + 279 1021 + 302 89.1 + 193 NS
Ca(ppm) 426 + 37 501 <+ 45 572 + 46 536 £ 5.1 NS
Mg(ppm) 207 + 15 195 = 03 184 =+ 06 186 £ 09 NS
Culppm) 066 + 0043 0.64 + 0.070 082 + 0.110 0.62 + 0.037 NS
Fe(ppm) 8.14 & 0477 7.73 = 0.31¢ 701 + 047° 521 £ 0.51° NS
Zn(ppm) 038 = 0018 0367 = 0.029 0397 + 0019 0391 = 0015 NS
Na(ppm) 34640 =+ 406.5° 62200 =+ 356.5° 33500 + 185.0° 4070.0 =+ 446.1° NS
Kippm) 888.0 <+ 102.7 1063.1 =+ 844 967.5 =+ 419 1158.7 =+ 88.1 NS
1) ( ). numbers 2) Mean + SE

3) Values with different superscripts among 4 groups were significantly different at p < 0.05 by Duncan's multiple range test
4) Significant Factor:Statistical significance was calculated at p < 0.05 by ANOVA

NS: not significant See Table 5. for abbreviation
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