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Abstract: Black soybean protein and whey protein are two kinds of high-quality plant or animal protein materials.
Their consumption can improve the immune characteristics of the body. However, there are relatively few studies on the
immunomodulatory effect of the black soybean-whey protein blend. In this study, four groups of rats were fed with a standard
diet (CP), whey protein diet (WP), black bean protein diet (BSP) and black soybean-whey protein blend diet (BS-WP)
for 60 days. At the end of the feeding cycle, serum biochemical indicators, IgM, IgA and IgG mass concentrations, spleen
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lymphocyte proliferation index, natural killer cell activity, spleen index and thymus index were measured to explore the

regulatory effect of black soybean-whey protein blend on the immune system of rats. Results showed that compared with the

single protein source group, the serum immune biochemical indexes (total protein, albumin, globulin, urea nitrogen, alanine

transaminase levels) of the black soybean-whey protein blend group significantly increased (P<0.05). The mass concentrations

of IgG, IgA and IgM increased significantly (P<0.05), with the increase of IgG content being the most significant. Compared

with the groups treated whey protein or black soybean protein singly, the IgG content of the protein blend group increased

by 38.23% and 41.02%, respectively. In addition, the spleen and thymus indexes significantly increased (P<0.05), with the

increase of the spleen index being 35.33% and 35.91%, respectively, and the increase of the thymus index being 31.51% and

34.26%, respectively. Therefore, black soybean-whey blended protein blend diet can significantly improve the body immunity

capacities of rats.
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T U METE Sprague Dawley K iR (3 W) 32 K,
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RN T KRERERN (2241 C. M
X R FE 50%~60% 6 BB R 12 h i 58 3F 55 T 15
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-, ZHR AIN-93G ArifE, ZHERIERRS IEFRRHL
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B, (s R R bR 16 TUAFI & : JRIR (UA, %
5 C012-1-1) M &, # & ¥ (GLU, %5 F006-
1-D FEAE. SHEER (TC, 45 Al11-2-1)
SEMNRE. HM=8 (TG, %5 A110-2-1) &&
M. SEE (TP, %5 A045-2-1) Mik&E. &
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fEEE A (LDL %, 5 A113-1-1) WK &, BA
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M, 3% H HyClone 2 ®]; Jif 4+ Ifil i (Fetal Bovine
Serum, FBS), JN% K Wisent A 7] ; CCK-8 (Cell

Counting Kit-8) & lliX7 &, HZA Dojindo /A ;
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1.2 B 5%4%
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PG E T, H K Hitachi A7) 5 @ KR,
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HRBRIG RS A A 6
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Table 1 Compositions of the different protein source diet

groups (g/kg)
R CP#l  BSP4 WP  BS-WP 41
B%E4 200.00 — — —
BSP — 199.30 66.30
WP — — 198.50 132.5
IoREA 39750 393.00 388.50 390.00
EoRMAE 13200 132.00 132.00 132.00
A 100.00  100.00 100.00 100.00
X a2k 70.00 64.80 63.10 63.70
HFeE 50.00 50.00 50.00 50.00
IR 35.00 35.00 35.00 35.00
Ak 10.00 10.00 10.00 10.00
L- JrA R 3.00 3.00 3.00 3.00
AALA2 5 2.50 2.50 2.50 2.50
%T;’%fj‘ 0.01 0.01 0.01 0.01

iZ: CP 4% @ 42 90.00%, BSP %@ 42 90.30%,
WP 2% & 4& 90.66%, BS-WP 2% & 42 90.50%.
132 wFAIE AR R IRE O 5

X SD KR IAIME 60 d Ja R E AR &, RIS
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D, =2 %100
) i 100% (2)
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D ——RAE3EH, Y% ;

D,—— A58, %.
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B, AEE AN EL KT 95%, FE IR EEGN IR N
ZT 2x10° 4.

B bR IR P i 4 R R ) T 4% T A AL
200 pL FIARFREERD T 96 FLAN MBS 7R, 2R 5 AL
JHN 20 puL [ ConA (& &R E A 5 pg/mL), R
SN ARG, R E TR 2 5% CO, 4
MuBEFRAH R BEFR 24 h, B 21 uL 1) CCK-8 ¥4,
G E THRGFATNE 4h, RENHET
g ARAC T, 5 450 nm K AL B RE BEAE . BEIk
B s R Bae AR (3) HHEPY,

4

D= OD iy OD i
OD 435~ OD s 5,

K

OD ;5 —— VAT A0 40 6, B 0 49 RPMI-1640 32 7R3
A= aIL;

Dy—— M B mIE TR 4, %.
1.3.5 NK#JE ot

AN AR EEAR R (YAC-1 48
M) £ E R K, RN R R N R
=T 1x10° A RN 4T & K 1.3.4 6% H RN
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BRI 45 R U] BSP AL Rz 1 KRR
SRR K.

15 s
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Fig.1 SD rats fed diets with different dietary protein groups
Z:(a) CPAKXR;(b) WPZAKK;(c) BSPAKXR;
(d) BS-WP 2B KA.
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Fig.2 Effects of feeding different groups of diets on body
weight of SD rats

2 B ARE B FERR AT — RN TR AR
2HEMER (P<0.05); XKEFHRRATE—LAFFH
R AT A A A £ R (P<<0.05).

2.2 M A AR AT B AT

VAl BS-WP X K B4 g BE RS2, 2 [
W 8 5 0 g vk, s K BRI 1) 17 TR AL AR

bR, KLl 25 R0k 2 fros. 5 CP. WP, BSP 41 4H
b, BS-WP KRG 1) TP Bk & T
27.24%- 21.00% F130.71%, TP fEL4ERFINE A 1AS
BIE. s STt R EEMER, v AL
A BE FRARBGUART B 5 T AR L B AL
Pt S AR B RS FEAN ], AT RE R
R HE ) B 1 A RUSORR FE LT, X P R 33K
BS-WP £H K BRI H ) TP o i 188 o g JE 2

3% TP EE & SEREH (GLOB) Al
ALB W, TP &FEabkm, K\NIEA E AR
RS, BIshAE sk RAFPY ., aRah s ik,
BS-WP 4K A A 5 i iR RE /) -

AR, KRSEIIEEDE, 5+ ALB
P T 14%~16%, TP R ERER S T 15%~17%,
GLOB JR &I E R K T 23.44%. 18.33% A1 29.54%,
gk R WAL & A R AR I S 11T . AR
H1, BS-WP 41 5 CP. WP. BSP 41 #1 Lk, ALB Ji
FIWRE KT 55.08%. 29.56% Fl127.92%, it
B BS-WP X} KRRy H I TER. BEaHhth e
PR B R (R A S R UA R ThRE, RS
HIRWAINERN, AEASERA N,

ALT /2R FThBe (1 B Z 5 bR, CP. BSP %4
A1 BS-WP % 2 K B IMIL7E 1Y ALT 7% /) 2 # KT WP
4, WTRESZEY WP B FEI T Y 63 I 1R Th
A, M7 R AE . s BUN LAk & A 5
AR H o AR =4, 2 RESERNEA
JRAR A0 S BB~ R O B R b o & 2H K BRI 1)
BUN SEEEHZES, WHAEAHNEEERA K
G, ARTHURE BB E RBARE .

BS-WP. WP. BSP 5 CP 41 K R M bk, I i
TC & &A%, KFEEP N RAMAAEEA
FROKEEW, e Mg Atk dads, 45 REBWIIFEA
IK A A 380 P 935 1 A 5 BRI T /0 BRI 9 A L [ 7K
T, BRARERIE 36.3%, ELA I 35 R JH [ B A AR B T 3L
2 FEL s 2 OV o e T e 45 /0N R 7 i e
IR TR, BERKAEA /DN RPN AST. ALT.
TG. TC. N _E (Malondialdehyde, MDA). LDL
KPR T, M8 TG & & 1 B IX Fh 46 ] g
U ERE 53 & ehe 1B 0%, B Re 5 HLE
IM3% TG 5 Mk AE 18 5 K
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Table 2 Effects of feeding different components of feed on serum biochemical indexes of SD rats
A ALIR AR CP 4 WP 41 BSP 41 BS-WP 41
TP/(g/L) 37.61 £1.29% 39.52 +1.18% 36.66 = 1.83% 47.85 +1.94™
ALB/(g/L) 3.25+0.11 3.89+0.15% 3.94+0.14% 5.04+0.10™
GLOB/(g/L) 32.47 +3.23% 33.87 £3.35% 30.94 +3.16% 40.08 +3.78"
ALT/(U/L) 28.46 +1.56™ 35.61 +1.93%™ 32.83 £2.41¢ 30.36 +2.04™
BUN/(mmol/L) 5.18 £0.16™ 5.96 +0.42™ 5.68 £0.23™ 5.99 £0.19™
GLU/(mmol/L) 5.58 £0.21™ 533 £0.26™ 430+0.27% 3.23 £0.44%
TC/(mmol/L) 4.09+0.12* 3.64 +0.66™ 3.04 £0.23%% 2.66 *0.54%
TG/(mmol/L) 1.80 +0.28™ 1.60 £ 0.34*™ 1.57 £0.20*™ 1.23+0.21%
HDL/(mmol/L) 0.57 £0.08" 0.86 = 0.04™ 0.79 £ 0.02%° 0.68 +0.06™
LDL/(mmol/L) 1.44+0.17% 1.28 +0.18% 1.62+0.16% 1.37 £0.09™
TBA/(umol/L) 1.48 £0.19% 1.67+0.22% 1.74 £ 0.29% 2.45+0.14"
UA/(mg/L) 62.07 + 547" 69.47 +3.90™ 66.02 +3.08"* 4738 +3.56™
LDH 3006.74 + 66.68° 3 560.67 2637  2551.69+96.01° 3762.26+79.37"
CK-MB 30.65 +2.13% 19.51 +2.65°" 2229 +1.65% 13.93 +1.83%
AST 63.25 +2.67" 47.75 +3.44° 39.25 +4.57™ 36.50 +2.07°
TBIL/(umol/L) 13.80 = 1.25™ 1431 +1.32™ 13.12 £ 1.99* 15.12 £ 1.30™
CRE/(umol/L) 84.92 + 6.18™ 74.63 £ 6.23% 79.34 +7.30" 85.12 +7.34™

E: AMRFEEEAFUNERFALE, LMRFELATANLRREE, AP XEFHEATEFMEF (P<001), )

BFEE AT ERSRE (P<0.05).

23 ME S RIEIHE G R U E AT

J9vFAt BS-WP 2H & [ % K bR G % Bk R 1 43 T
(IR, W T BS-WP 4 G Bk 2 A 45 B an ki 3
fizn, W CP. WP, BSP I & G, — & sk
EHZ TR EEZS, (HBS-WP 4K R g+
M3 1gG IgA Al IgM 5 HoAth = 41 A0 Eb 2 55 5 3%
B 3 Al %, TN BS-WP 2K BUAH b T i pp — 2R
HZH R SR LIS 1gG & &390 1 38.23%~41.23% ;
[, If7E IgA S &N T 11.74%~16.48%, il
EIgM S EINT 11.74%~16.48%. HLL_E5E
Al BS-WP g & o {2 i KRR iE o s sk B
TR,

Ig R MWAE R R EERRLS T, HIY
BLAA 0 G 923 40 M B35 S5, B 41 43 £k j 280K 3 41
)G BT i, A B RN EL B S e T LA ) f 9%
NBRE S, 1eG HEESMA P R, REEX
MUK G g% 70 I B 240 hr s 1gA FE S 5HL KPR
e 1gM HA G FMA R T BE . Moriya 25652 1
HHEZESTIRESAABEEAOMEEENE Igr

KF, g SRR FLIE & R R 1g KR,
Bumrungpert 255 713 5 1 2 B W DL IR & 1)
R TS, EOR e A 12 R, 5K
MR AL, FIEE AR 6 5 LB E R,
PR 12 JE G W 3G 1 BB 7k N 1g AT ALB H97KF .
A2 WP A BSP /EMEE 60 d, 5 CP 4AAHLL, TG
CEMER, RS T RAKNAEHEERTT A,
ol 3 MR I R R B, {2 BS-WP ZH K R i
) Ig KV =T CP. WP. BSP, [Aitk, W%1BS-WP
PR R 1g KPR T &

a 2000p
&
5 15001
g 1ooo} _B° ;-b— Bb
i
%“; 500 - %
“ _
0 CIP WP - Sl'3P
S A R
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Fig.3 Effects of feeding different groups of feeds on the
secretion of serum Ig in SD rats

E: AR FEE A TAN EFTRE, LMEFEH
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Fig.6 Effects of feeding different feed components on lymphocyte proliferation and NK cell activity in SD rats
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