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Effect of Dietary Protein Level on Immune Substances in Milk and its Transfer
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ABSTRACT

This study was performed to determine the effect of maternal protein intake on 1) the
concentration of immune substances in milk 2) degree of passive immunity to pups via lactation,
and 3) specific antibody production to a specific antigen, B-lactoglobulin(BLG). 4) the effect of
passive immunity that pups received from mother during lactation on the production of
antibodies when the pups were challenged to the same antigen. Part of the female rats were
immunized with BLG before and during pregnancy. The pregnant rats were placed into cither
25% or 10% isolated soy protein diet throughout gestation and lactation. After weaning, pups
from cach group continued to be fed the same diet. At 18 weeks of age, all the pups were
challenged with BLG. Total IgA and IgG, lysozyme, BLG-specific IgA and IgG were measured
in dam’s serum, dam’s milk, and pup’s serum. Total IgG, and lysozyme in dam'’s serum and
milk were higher in high protein group. Total IgA and IgG in pup’s serum remained higher in
high protein group from 5-to 18 weeks of age. BLG-specific antibodies were found in the milk
and serum of immunized dams, and in serum of pups born to immunized dams but not in the
non-immunized group. BLG-specific IgA and IgG were again higher in high protein group
and declined with time. The concentration decreased faster in the low protein group than in
the high protein group. After immunization the pups with BLG, serum BLG-specific antibodies
were not differ between rats born to immunized dams and those born to non-immunized dams.
Therefore passive immunity rats received via milk as a pup had no effect on the BLG-specific
antibody production later in life. This study shows the importance of protein status of mother
and strongly support to the endorsement of breast feeding. (Korean J Nutrition 29(6) : 569~
577, 1996)
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Immune group

Fig. 1. Experiment Design.
IH:immunized dams fed 25% soy protein diet
IL:immunized dams fed 10% soy protein diet
CH:control dams fed 25% soy protein diet
Cl.:control dams fed 10% soy protein diet
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Table 1. Composition of experimental diets(g / Kg diet)

High Protein Low protien diet
diet
Corn starch 559.25 711.5
Soy protein 250 100
Corn oil 100 100
Salt mixture” 35 35
Vitamin mixture” 10 10
Choline chloride 2 2
Methionine 3.75 1.5
Cellulose 40 40

1) AIN salt mixture(g/Kg Mixture) : Calcium phosphate,
dibasic 500, Sodium chloride 74, Potassium citrate,
monohydrate 220, potassium sulfate 52, Magnesiun ox-
ide 24, Manganous carbonate 3.5, Ferric citrate 6.0,
Zinc carbonate 1.6, Cupric carbonate 0.3, Potassium
jodate 0.01, Chromium potassium sulfate 0.05, Sucrose
finely powedered to make 1000.0g

2) AIN vitamin mixture{per Kg Mixture) : Thiamin.HCI
600 mg, Riboflavin 600 mg, Pyridoxine.HCl 700 mg, Ni-
cotinic acid 3g, D-calcium pantothenate 1.6 g, Folic
acid 200mg, D-Biotin 20mg, Cyanocobalamin 1mg, Vi-
tamin A(Retinyl palmitate) 400,000 IU, Vitamin E(dl-a-to-
copheryl acetate} 5,000 IU, Cholecaiciferol 2.5 mg,
Menagquinone 5.0mg, Sucrose finely powdered to make
1000.0g

. Lysozyme %42 Lysozyme©| gram %373 A
Mirococcus lutus®) AlE8e Ao zn SAl7|
= ¢la)& o]&3 Lyso plate assay methodE ©J-83
%E}_ZO).
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no 64-351)¢+ anti-goat IgG alkaline phosphatase
conjugate(Sigma, cat no A-4187)& AHg3IATt. BLG
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ELISA®l 23 &4 3t5it.
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Table 2. Concentrations of protein and immune substances in dams's serum”

Lactation

Period H(B)" i) SF”
(weeks)
Protein(g/d!) 3 9.52 +0.88 6.98 +0.84"
IBARID area, mm?) 1 91.25 +5.40 81.06 +4.06 NS
2 80.50 =4.90 67.74 +5.26
3 77.68 £5.36 75.28 £556
IgG(RID area, mm?) 1 9251 £3.43 88.35 +6.02 A, B, AB
2 79.85 £4.06 81.00 +6.80
3 87.87 +£3.91 63.25 +2.80
LZ(RID area, mm?) 1 97.95 +3.82 93.34 +3.58 A, B, AB
2 99.98 +3.23 88.22 £5.20
3 93.21 +2.05 68.84 +2.27
BLG specific IgA 1 0.913+0.064 0.695£0.151 NS
(ELISA unit, OD) 2 0.773+0.086 0.598+£0.159
3 0.656+0.086 0.495+0.137
BLG specific IgG 1 0.879+0.011 0.87140.044 B
(ELISA unit, OD) 2 0.804+0.031 0.7744+0.056
3 0.728+0.044 0.616+0.075
1) Mean+S.E. 2) Number of samples
3) A : Effect of dietary protein level was significant at a=0.05 by F-test
B : Effect of lactation period was significant at a=0.05 by F-test
AB : Interaction between A+B factor was significant at a=0.05 by F-test
NS : Effect of dietary protein level and lactation period was not significant at @=0.05 by F-test
4) Effect of dietary protein level was not significant at a=0.05 by Student's t-test
Table 3. Levels of protein and immune substances in milk"
Period Lactation tH(g)” L) SFY
(weeks)
Protein(g/dl) 1 1493 +0.65 15.44 £+ 0.80 NS
2 14.40 +0.46 13.29 + 0.56
3 15.76 £0.79 13.58 + 0.89
ISARID area, mm? 1 9743 +6.87 106.99 + 7.1 NS
2 133.89 +7.00 113.29 £12.65
3 132.00 +9.27 105.15 +11.83
IgG(RID area, mm? 1 112.13 £7.50 10548 + 5.77 NS
2 113.79 +4.49 112.14 + 5.82
3 133.63 +4.14 100.53 + 6.66
LZ(RID area, mm?) 1 92.39 *£5.66 66.35 + 3.14 A, B, AB
C2 89.98 +4.20 67.49 + 3.84
3 81.71 £3.49 60.92 + 3.70
BLG specific IgA 1 0.889+0.106 0.604x 0.157 A, B
(ELISA unit, OD) 2 0.568+0.071 0.391% 0.104
3 0.499+0.057 0.306+ 0.083
BLG specific 1gG 1 0.961+0.073 0.854+ 0.097 NS
(ELISA unit, OD) 2 0.910+0.053 0.802+ 0.091
. 3 0.78410.057

0.634+ 0.112

1) Mean+S.E.

2) Number of samples

3) A : Effect of dietary protein level was significant at a=0.05 by F-test
B : Effect of lactation period was significant at a=0.05 by F-test
AB ! Interaction between A+B factor was significant at a=0.05 by F-test

NS : Effect of dietary protein level and lactation period was not significant at a=0.05 by F-test
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Table 4. Levels of serum protein, IgA and IgG in pups’

Age(weeks) IHF(8)” ILF(8) CHF(6) CLF(6) SF”
Protein(g/dl) 5 9.16+0.21 8.07+£0.32 9.3730.29 795+ 0.21 A
18 9.58+0.32 8.50+0.26 9.42+0.28 8.63+ 0.23 A
IgA(RID area, mm’) 5 80.72+3.59 90.66+5.89 110.28+7.44 101.80+12.71 A, C
6 88.9614.47 88.89+8.95 95.70+7.39 90.21+ 3.02
7 93.60£7.03 88.07t4.70  101.22+5.89 9773+ 4.55
9 113.9148.62 100.89+8.12 110.28+£7.44 92.80% 4.46
1 102.01+5.82 87.87+3.31 107.45+7.47 90.21+ 3.02
13 97.98+3.95 93.24+6.71 101.22+5.81 9256+ 2.34
15 97.59+5.11 85.53+3.31 110.13+5.68 90.17% 3.01
IgG(RID area, mm’) 5 105.08+4.76 90.21+3.02 96.53+4.64 88.261+ 5.80 A, B, BC
6 85.861+4.41 83.19+3.02 107.12£6.15 9394+ 3.97
7 86.65+2.68 91.31+£3.03 95.18+4.46 85.69+ 5.04
9 101.54%5.78 82.19x4.17 95.18x4.46 95.14+ 3.77
11 117.98+5.82 105.24+3.66 102.43+4.90 96.66+ 6.35
13 100.59+4.61 102.794+5.50 98.17+0.31 100.07+ 3.34
15 115.6015.48 97.731+4.55 107.12%6.15 105.33+ 5.50
1) MeanS.E. 2) Number of samples
3) A : Effect of dietary protein level was significant at a=0.05 by F-test
B : Effect of age was significant at a=0.05 by F-test
C : Effect of immunization was significant at @=0.05 by F-test
BC : Interaction between B+C factor was significant at a=0.05 by F-test
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Fig. 2. Levels of serum BLG specific IgA, BLG specific IgG before immunization in pups.
* Sinigicantly different between groups by student's t-test

Table 5. Levels of serum BLG specific IgA, IgG in pups after BLG immunization”

{(weeks) Age IHF(8)? ILF(8) CHF(6) CLF(6) SF”

BLG specific IgA

(ELISA unit, OD)
after Tst immunization 0.8234+0.121 0.461+0.055 0.779+0.126 0.565+0.108 NS
after 2nd immunization 1.449£0.105 1.613£0.029 1.400+£0.077 1.267 £0.192

BLG specific 1gG

(ELISA unit, OD)
after Tst immunization 0.305+0.047 0.4124+0.036 0.315+0.050 0.278+0.038 NS
after 2nd immunization 0.976+0.096 1.202+0.055 0.906+£0.097 0.86410.183 ’

1) Mean=£S.E. 2) Number of samples

3) NS : Effect of dietary protein level and immunization was not significant at a=0.05 by F-test

Table 6. Pearson's correlation coefficient on passive immunization

Dam's serum Pup's serum(before immunization)
— *1) - *
BLG specific IgA  Dam's milk IH r=0.884 H r=0.996
IL r=0.940* IL r=0.885*
— * - *
BLG specific IsG  Dam's milk IH r=0.826 H r=0.998
IL r=0.870* IL r=0.901*

1) Significant at a=0.05

2 Mo} o] ¥ BLG specific IgA®] 15 &4 5 Aol Abole] BLGO that aA|gte] 2oj= ojw|H

#8 B9 AAT ARAL 2ol [gAE ob19] BH o QRoIABTE A7IFS) BN o Fag) o]
EE B F4UA gk Aom 4Ho] gelo & Aol @A) ool e mN7) wielghn Alaw
8 F 2719 Tghrk I FeEthe SAA% o, |

B3 Qo 2427) §59 A FFS AMolel  £9E FP 25 Wol A7t 4R Fo) 2L
Wely)5o) $08 9% gPHtT uA, 2ol =2ENS A A P GEL WA e o

BLGE W3 ofuloAlX glojd Aj715 2] A% 55 olwy) 9)} 1FZ5E ojsd BLGe g oA

HE 155744 9) BLG specific IgA%} [gGFe 25 2 Gzl AF 1556 BLGE HY

o] %‘ﬂ‘"élgl L ol *":P““:r“’ﬂ/ﬂ lﬂ"li 713ke] A 84 A= wadE o
o] o

S

W 279 4 EFAA AEE AZEg o Ao] Tz
ﬁ:
]

%iﬁh"} Tee] B QA BAE RANE A 22 A onllAA A 2 39e 2l
&8 5 Qolch mab, Ho) Bl $5 RARE A 29itHTable 5). 24 WA FAGS 14 @

B ol A 7 B ohle HAINE G 9 PAGUT 47 BEAIN 700} o] T
£ 202 JehithFig. 2) ®3, weuEH A3} ofn] ole) ge Uehid ggieh asma o



576/ Aol AT} 58 BT $5U

nzRE A7 AR o 98 748 B¢ SFRAE A
79 A APl E FFE AR i Ao AR
o} ofmlFel A WeF Ro] A7 A Aol B
w47 g Ashz fFA 7122 3 ool W
A o] @ Aol oplet el FAE ol%

EPCERIER R

3. BLG specific Immunoglobulin2| o/ HT

2A9) GAZE R kol M7leAR ol A

TE goliy] Y3t ofmF el Y fF, EI A
#e YW anti-BLG FAgke) dRAFE ekl
1”/}(Table 6). olvlF°lA BLGS WHg F ojv|F 9|
oA BLG specific IgAsh [gGrF e E A& B
T AR T"ri‘°ﬂ/‘1£ dee] A7 vehte A3
g ®3led, 244 wr“élﬂ FAgkel 2 FuAT

=
2«
=
=t}
L
0
(o i
mlo
_E,
O.u
ozi
rEL' r
_19.
=]
£
o
1o
i)
o

W BLGel tH Re 117} 7&%51219_01, ‘11“‘
o) 7E A £ FAge w59 52 48 9
E HoJFo(r=0.885~0.998) olulF 9] Aol A
77 Gz A FFE vAH F77F 29
& W ogle] Fag s FYety e UEhY

At

:L
mﬁ‘.

7@,] uqcﬁ =3 GLFJ:

@l ot olel e Jge A wmc Ueh gk
Fol 24 TgAs} IgGakel ¥ & A7 nair
2) 2lo] o] % L FF WAE I3

A E Yehdizd mghilFe]l Adwlinc 49
lysozyme® BLG specific TgA F57} &9t} 18|82
2 Ao gkl ERIAS R 011:1]_',]_/] R LA 0]—143}

59 WAEA gl = GFE MA A9 WAr)T

o Jae A F Y& HAFA

3) BLGZ dAY9g oz f3# o] F5& Hi
Azat Q73] Ao)A BLG specific IgA <} 1gG7t
b A& o] FH-E Foto] AL ATFAAR oY

’\V\}OP“E}
4) 77 g2l BLGOﬂ 3k gl s
[e]
o 2o] iz ?it ;Xﬂ Eis
ol §A717be 2 Jgrg w lil% ﬁgi E%‘;E}
5) A7elA BLG B9S & F A7 €3¢ BLG
spec1ﬁc IgA% BLG specific 1G9 5%& BLGE ¥
A9 ojnol AN ejoit Aj7|9} izl A7 Atelel
Aoz} gttt ZBuR FR-E Fat olrlolA A7)
2 oldlE FEWHAL U A7z 22 gl ojg
A A THol e G VA EEe 4 5 I
AeH o oo vy JYUEE Ei WY

-
)

A el AR WA oA AN A7e BH B
g7 ol YL A7) HE] walel v
el o}7le] Welr o] S0 4TS Hrkm 1Y)
o B 97 2% 9a7] 2 54719 vl gk
o 2248 1] 37 o2 BAE F3HE o) of
78] Wol75g B4 ARALE nel Hele] SuslA
24 6ol 324 953 AT 2AT

Literature cited

1) A3, gordee 4%
320, 1992
2) Chandra RK. Nutrition and immunity : lessons from the

oo ehsx] 251 312-

past and new insights into the future. Am J Clin Nutr 53
1087-1101, 1991

3) Chandra RK. Protein-energy malnutrition and im-
munological responses. J Nutr 122 : 597-600, 1992

4) Miranda R, Saravia NG, Ackerman R, Murphy N,
McMurray DN. Effect of maternal nutritional status on
immunological substances in human colostrum and milk.
Am J Clin Nutr 37 : 632-340, 1983

5) Chang SJ. Antimicrobial proteins of maternal and cord
sera and human milk in relation to maternal nutritional
status. Am J Clin Nutr 51 : 183-187, 1990

6) 5ol - AL - AR Garre) Gepgeieh whel
oS g gbekel] A3 AT FFYYPIA 27 1 263271,
1994

7) Michalek SM, Rahman AFR, Mcghee JR. Rat im-
munoglobulin in serum and secretions : Comparision of
IgM, IgA and IgG in serum, colostrum, milk and saliva

of protein malnourished and normal rats. Proc Soc Exp



Biol Med 148 : 1114-1118, 1975

8) Orga PL, Losonsky GA, Fishaut M. Colostrum derived
immunity and maternal-neonatal interaction. Ann N Y
Acad Sci 409 : 82-95, 1983

9) Hanson L, Ahlstedt S, Andersson B, Cruz JR. The im-
mune responses of the mammary gland and its sig-
nificance for the neonate. Ann Allergy 53 : 576-582, 1984

10) Komatsu T, Okao M, Miyamoto H, Chen T, Shinka S. Ef-
fects of early antigen exposure through lactation on later
specific antibody responses in mice. J Immunol 141 : 2895-
2906, 1988

11) Banked milk is low in immunologically protective pro-
teins. Nutr Rev 45 : 44-46, 1987

12) Reddy V, Bhaskaram C, Raghuramuhi N, Jagadeesan V.
Antimicrobial factors in human milk. Acta Paediatr Scand
66 : 229-232, 1977

13) Hennart PF, Brasseur DJ, Desnoeck JBD. Lysozyme, lac-
toferrin, and secretory immunoglobulin A content in
breast milk : Influence of duration of lactation, nutrition
status, prolactin status, and parity of mother. Am J Clin
Nutr 53 : 32-29, 1991

14) Chandra RK. Antibody formation in first and second gen-
eration offspring of nutritionally deprived rats. Science
190 : 289-290, 1975

15) Huang Q, Coleman JW, Stanworth DR. Investigation of
the allergenicity of ﬂ-lactdglobu]in and its cleavage frag-

O

i B 4% 35 8 2E 29(6) 1 569~577, 1996/ 577

ments. Int Allergy appl Immun 78 : 337344, 1985

16) Kim SM, Enomoto A, hachimura S, Yamauch K, Kam-
inogana S. Serum antibody response elicited by a casein
diet is diredted to only limited determinants of ¢ sl-
casein. Int Archs Allergy appl Immun 101 : 260-265, 1993

17) Kim HY, Picciano MF, Wallig MA. Postnatal selenium re-
pletion protects lungs of neonatal rats from hyperoxia. J
Nutr 122 1760-1767, 1992

18) Lowry OH, Gosebrough NJ, Farr AL, Randall R]. Protein
Measurment with the Folin Phenol Reagent. J Biol Chem
193 : 265-275, 1951 ‘

19) WEE - NFERE. RRBWEHAM, FtET RN
+Y % pp.97-100, 1985

20) Osserman EF, Lawlor DP. Serum and urinary lysozyme
(muramidase) in monocytic and monomyelocytic
leukemia. J Exp Med 24 : 921-951, 1966

21) Bertotto A, Castellucci G, Scalise F, Tognellinj R, Vaccaro
R. "Memory" T cells in human breast milk. Acta Padiatr
Scand 80 : 98-99, 1991

22) Israel EJ, Simister N, Freiberg E, Caplan A, Walker WA.
Immunoglobulin G binding sites on the human foetal in-
testine : A possible mechanism for the passive transfer of
immunity from mother to infant. Immunology 79 : 77-81,
1993

23) Mata L], Wyatt RG. Host resistance to infection. Am J
Clin Nutr 24 : 976-986, 1971



