TEIRAN 23R ( Jiangsu J.of Agr.Sci.) ,2025,41(8) ;1575-1582
http: //jsnyxb.jaas.ac.cn 1575

AL T RINEE AR R TR SR RS A R SR CR [ 1] VTR 24, 2025,41(8) 11575-1582.
doi ;:10.3969/j.issn.1000-4440.2025.08.014

& B EE X E R ARS8 B 1R IR 2R

wAL, B F, xE, #EA
(I SCHE B e i 5 SRR 25 i/ 0 W 26 R T S0 58, G 98 415000)

WE., NTHTREES B, 216 B 21 H T RS RENL A A 20 (4% 2% 3k4], Bl R4 ) B
H (4% EE ) CH (4% KEES B )3 41, TR 30 d BRI RIS, 4502, & 4L 0SF15 H 8 & A A
KRB FELZEFYEE(P<0.05) , HUL C HEBRAM, B HEIRZE, B A MG TR EREILFE R
R R E LA HG T TR B H T A 4 .C 4H(P<0.05) ,(HEEAR & B NEF®EHEMIK, A
20, C A JFF 290 H BRI 07 FL DL AR A, {5 B 2E A8 JHE 240 it 55 B A3t A, L8 JHE A T L, Jm) 38 0, 8 W e
C A IHERR G E ST A4 B H(P<0.05) ;A 41 B 439/ B IE 43 3 7T LR I ™ 8 Hial, ¢ ARy inTE
IEH, BT HRBAEKE S ERENE A 4 B 48 ERE (P<0.05) . L6 , 65 RS E b & n
49 T FL A I A X 1 AR R B LU R FRR T

KW FHRE; Bk Ak P il

RESES, S831.5 XERFRIAD . A XEHS: 1000-4440(2025)08-1575-08

The feeding effect of fermented okara on Cyan-Shank Partridge chickens

HUANG Chunhong, ZHOU Yu, LIU Xiaokang, XIONG Jiaxin
( Zoology Key Laboratory of Hunan Higher Education, College of Life and Environmental Sciences, Hunan University of Arts and Science, Changde 415000,
China)

Abstract: To explore the potential of fermented okara as feed, a total of 216 healthy 21-day-old Cyan-Shank Par-
tridge chickens were randomly divided into three groups: Group A (4% wheat bran group, i.e., the control group), Group
B (4% ordinary soybean residue group) , and Group C (4% fermented soybean residue group). A 30-day feeding trial was
conducted. The results showed that there were significant differences in average daily weight gain, relative growth rate, and
feed-to-gain (F/G) ratio among the groups (P<0.05), with Group C performing the best and Group B performing the
worst. The activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) in the serum of Group B were significantly higher than those in Groups A and C (P<0.05), while the total protein
content and creatinine concentration were relatively low. The liver cells of chickens in Groups A and C had clear boundaries
and no inflammatory foci were observed. However, the boundaries of liver cells in Group B were less clear, and some liver
tissues exhibited local yellow infiltrating inflammatory foci. The intestinal index of Group C was significantly higher than that
of Groups A and B (P<0.05). Meanwhile, mild and severe bleeding were observed in the intestines of Groups A and B,
respectively. In contrast, the intestines of Group C were healthy, and the villus lengths of the duodenum and jejunum were

significantly increased compared to Groups A and B (P<

W75 H B8 . 2025-01-03 0.05). Overall, the addition of 4% fermented okara in the

ELIBA - WIEA HAREIL 4 LI H (2021]J30468 ) ; W16 44 2 feed of Cyan-Shank Partridge chickens is beneficial for im-
BT S5 H (20A339) proving their growth, F/G ratio, and health status.

TEHE BN THL(1978-) 2o, WIFF R W+ 287, T ENFH ) Key words: Cyan-shank partridge chickens; oka-
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ARG T IR K sk 21 H s 75 BERR RS TR A7
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(290.72+36. 11) g, H0 [ 1 i FH A 240 A R
2NHE]
1.2 RIewr#t

ARG iy FH 57308 e 0 s ) 9 e A
PRI ERE G Y, #4075 R B TR & AL R}
PN ——BE 45 ZEA AT B 11 280 5 3 e e ) S Kk
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TERERE6 4, IS ARG, SER RS LR
UIBTRAE 65 C 44 T AT THAL S 2 FH . 2 Fl
B RE RS RPUE TR SRR 1,

Table 1 Nutrient and anti-nutrient contents of common okara and fermented okara

G s 2 ML A i HLRR I & & MRS & 1 HLLF 4 PaC-R-dl/ e ﬂﬁ? Eﬁ@#ﬂ?ﬁﬂ?ﬁu
(%) (%) (%) (%) (%) A (T g)
W38 i 18.37£0.82 9.59+0.19 4.21£0.23 63.86+2.31 3.97 21 925.26
AR 23.32+0.61 8.48+0.17 4.26+0.18 58.79+1.79 5.15 4 635.58
I3 J 2 P 0 A0 5909 A 0 S T 21 (65 °C) A, A o3 23t I 45 S T LA 4, TIU Ay Jok 2 A AT 11 BRLA°E

1.3 e fEst

S5 (77 HE XSG FN R XS L A ) 6E) (GB/T 5916 -
2022) "% SR VF123 By AR Rl i b (A 41,
R HRZH IR 4% 22 %K) o FF 4% 530 LB 4% K&
R 23 4 40 A5 B AR Stk AR AR P 1) 496 23k, 1l
o7 L (B 2H) R R (C A1) AIREer A A
S R B EFRACE o i IR 2 Fik 3,
14 {AFEE

FHRIXG T4R 7 d J5 , AL O R (A 41) |

WE S (B ) fE TR EmA (C 4)  d¥c 6 1
I BAE B 12 PIXG S I R DR A s
T 4% G 4% K S g Ak, R0 )
Z: B IR AT X ) 55 48 BBV E RLAR , R AT T 8 By 9% TN
OB BE 22~ 26 °C 3 KR IF. f K 8.30.
12:30F117 : 3088 X5 H HER B FIOK . 4553 6 A hy
30 d, B RSN F R, Hic SRR, W E T
AR BRI AERET 65 C TR E S AR, it
AR ELHANRERARE L, Hr B b =1k
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Table 2 Composition of experimental diets ( air-dry basis)

251 A B4 CH
FERE (%) 4.00 - -
Wil AR (%) - 4.00 -
KT H (%) - - 4.00
FREE(%) 58.20 58.20 58.20
GHMIEE(%) 24.00 24.00 24.00
RIS (%) 4.00 4.00 4.00
WAL R B it (%) 5.00 5.00 5.00
AR (%) 1.20 1.20 1.20
BER AT &8 (%) 1.30 1.30 1.30
THER(%) 0.30 0.30 0.30
TURERS H (%) 2.00 2.00 2.00

A 4% A BN IRZH ;B 21 . 4% 3530 G4 ; C 4H . 4% RIE s
20, TN 1 kg AR AL 8 000 TU 464 A, 1500 1U 44 %
D;,25 U4/ % E, 1 mg 4E4: 2 K, ,2 mg 4i: % B, ,8 mg 4/ %
B,,3.5 mg A/EE By, 0.1 mg Z/EH By, ,3 mg R, 15 mg IZ FR4S,
20 mg MAMR,0.2 mg A=W EK, 65 mg Fe,20 mg Cu, 60 mg Mn, 60 mg
Zn, 0.25 mg Se, 0.8 mg 1,5 g #i&E R ,3 ¢ HHIEM,

#£3 RBERERAT(RFHH)

Table 3 Nutrient levels of experimental diets ( air-dry basis)

B A B4 cHl
FHE (MI/kg) 11.72 11.51 11.53
HAERFEE(%) 18.52 18.59 18.92
HLE 8 (%) 2.76 2.88 2.79
MRS &8 (%) 2.03 2.09 2.09
& (%) 0.65 0.81 0.80
B (%) 0.56 0.65 0.65
AR (%) 0.68 0.70 0.72
AR & i (%) 0.45 0.46 0.47

B IR BRACHRE R T A, A I E (A 41.4% 2% %k
2H , RIS HEZH 5 B 2H - 49% 0530 Gk 2H 5 C 21 . 4% R e LB 4
1.5 HEmRESHE

FARIEES A5 1R B 7. 30K B4 5 52 20 1)
2% H A A R LA 3 P00 P DAL R i, Y £R
ML T ICRE R MAE o DA XS 1A P 3B P
I3 WEFNC R mIEROOI AR, RE T 5 A0t
A TETRE TR 8 = I (o) + AR MTEAK
H(g)x100%, 73T+ 48 2= | [ml i v B
251 em HEET 4% 2 BPBEPRT, 7L 1 em’
JHRELHZR PRl 8 T 4% 2 R P IR
1.6 fFEIEREEN T %
1.6.1 Ak FAMTR SR NRILHE
PN AT ARHEC 88 A 7 BE 44 TRl R T8 A EE 115

J7H) (NY/T 823-2020) 1" 43 4% 2 XS (1) SF- 14 H 4%
B AR AR AR L,
1.6.2 i AMIAF MIEBEA(TP) &8 K
K AR AT W (AST) W61k | TN 2R 24 S 5 7% Tlg
(ALT) W5 P | Ol 1 W PR T ( ALP ) 5 1 | L 102 ot & 1
(LDH ) e JIUBR B4 ( CK) 35 1  LETF ( CREA) ¥k
JE RZ A (BUN) Wk B A% Bl (GLU ) ¥k B 55 A4 4k
TR FH 0 B R AR A A BT AR
1.6.3  JFREAe i 18 20 2330 7 69 B A R 35 AR &
KR RANE -2 e e I E AL 2000 |, e RO K
PR AFIE A S 41270 8 b, FEFH & ki 1 ) L BRI T
XA TR AL B — F 2R 2 T3 I AR
Wb ER R, HEAT AL SR 0 R A ISRl 2L, e
HistoCore MULTICTU - H gl %& % X U1 B ALK 41 41
YIRS wm WY R, 585 IR AR - e o i e £
ARG P PR B dt R, S5 FH 3 22 AR 4815 ik 1ok
B IHFAE B AT, Image T 30X
WK TR T R R AT
1.7 HiE4biE

i [ SPSS Statistics 26 # A4, K FH B K Jy 22
7M1 (One-way ANOVA) 1 Duncan K22 8 HE R 7A X
BAGHATEAT 08T, 25 R DL Y AR i 22 320, i
KRN 0.05,

2 ZER5HT

21 BEHBBEKEESHELL

WM 4 Fin  EA RIS L 22 18], 5 BERR A 1 -7
YIH AR A KR OB SR e R E2E R
WL CHBEFT A 4 (P<0.05) ,A HBFHILT B
41(P<0.05), Bk B 4If71% %N 88.89% LISk, Hdx
2 AL H A #3520 100. 00%
2.2 EHIRGMEE LSRR

W 5w  TEAS RIS AL, 75 BEURRAS A 1M 35
MEARSED B AR, I HEFEM|RT A 4
(P<0.05) ., SHFYIREAHC B (4N AST ,ALT (ALP)
WHHIBAREST A4 .C4(P<0.05), 5 C
YA EL , A 41500 E S REAR 3G ) ZLIRR B0 2 A 1
WERME(P<0.05) ;5 C AL, A 41 B 4540
PN B B A0 A O 1 UL DAt 0 e 7 2 e )
F LTH(P<0.05) , TEAIFENRIGAL ], 5 5 Wk ugad o
REAT DG LI B JC b 25 22 5, B A IR R AUk &
2 T 2 4H(P<0.05) .
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Table 4 Growth performance and feed-to-gain (F/G) ratio of Cyan-Shank Partridge chickens in different groups

2151 PRI AE () AMFERE ()  CFHIAMEE(yd) MXERER(%) B FEG 2R (%)
A4l 296.67+12.19a 760.67=+17.00b 15.47x0.74b 156.80+13.04b 2.31£0.12b 100.00
B4l 290.17+4.62a 664.83+95.56a 13.44£1.78a 129.30+4.62a 2.78+0.21c 88.89
cdl 292.00+11.49a 847.50+19.97¢ 18.52+0.76c 190.61x13.21c 2.17£0.10a 100.00

A 4% FRAL, RIXT BRL 5 B 41 4% 53 S 4L C 4. 4% KRR A, FSEEREA RR/NG 43388 22 57 W35 (P<0.05)

R5 FEIEREHIARIGH ME & L IER

Table 5 Serum biochemical indicators of Cyan-Shank Partridge chickens in different groups

£t A4 B4l CH

BEAREE(g/L) 45.10+1.63b 39.40+1.35a 42.20+1.09ab
REABIRE LA MG (U/L) 275.21+12.32a 469.15+22.10¢ 318.28+10.69b
AR ASEFL ARG E(U/L) 3.41+0.35h 8.16+0.38¢ 2.89+0.22a
TR PE A RR R 1 (U/L) 976.09+22.13h 1 420.10+16.89¢ 451.06+20.87a
FLER L A AP (U/L) 262.12+19.65a 728.20+26.10b 705.42+18.56b
JULRR SRS % (U/L) 2 817.11+41.03b 2 806.09+46.15h 2 618.26+32.55a
JULRBF ¥ B ( wmol/L) 9.65+0.56a 8.87+0.36a 10.50+0.19a
JRZE R HRE (umol /L) 1.15£0.09a 2.14£0.05¢ 1.72£0.01b
HERIRARE (mol/L) 15.98+0.56b 14.25+0.21b 10.63+0.57a

A ZH A% A FRAL, BN HEAL ;B A1 4% W38 Tk 415 C 41.4% KT, RITEE G A AR IR/NE R38R 2255 8.3 (P<0.05) .

2.3 EHIRBAFAEERZETL FWI, A 5 C 4T BERRNG 1 JH- 4 L 5 PR B4 775 0, %

3 A IREZH T RS A BT (A 2 S AE R AT e AREHESI RO/ U IE  HOR WA AE AL,
L MG BT R, WA 1 R BR T B 4L (B 21T VRS AT A i A BR O M, EL AR 233G )
T BAURRAS A PR WL L (LR BEAL SN, oAy 2 ZHE M ] DU A Joy B o (B R SR AE A
JPRAS T2 T 4R DLW S 5, P20 R WL 4

e

Al

<
H
%
5

A H A% FFRA BRI B 41 4% B0 S0 20 ; C 20 4% RIFF A, I @ FF L BT IRFELL , P b A (R Sk BT b B (A0 S A AT
B 1 FREARERIARGAF SN R AR FTL (x40)
Fig.1 Appearance and histology changes ( x40) of Cyan-Shank Partridge chicken liver in different groups

2.4 BHIRIGIIEEENIFEHESIR, 1.32% 8.26%+1. 69%510.69%+2. 05% , 5 A #HAH
A4l B 4. .C AR MBI E D B 8.95%+  [b,B 4. C 41T BHRR S A% i i 46 Ko 0 A Fr R
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W& & LTH(P<0.05) , W& 2 fios, D8 A
JEDRRRES 1) Jay 38 g T m] LD i R a5 B 2L
T D RRXE B4 Ja 3 B B L, R A TR Y
A T PR R T R 7 AL T A B AR Al S 5 € AL
JEDRR XS D) o L B S8 S L, M T ) R A DL T 2
AWk, A 3 BRI I B 20 B P
A& SERMERILL C 4LEhE, 1 A 41 B AT IS Y
TR I B4 N 52 AN R A BE B 5 i i v . Ak
6 s, 5 A 21 B ZHAH L, C TR Y+ 48

MR ERKE SHRERKE S WY E RS B E
M3 (P<0.05) ; A B KEAE A 415 B 4. B 4
Hc4mrRFELR, C45 A AF MBS+
TIRMGORE S O A 25 5 0 B 4L RS 1+
A W R E TR N AR T A 41 (P<0.05), B4
T RS )+ 38 I WUZ & B 2 v T At 2 4
(P<0.05), £ 3 P iRuGa], 7 R 1 25 B 906
K 2 o6 5 B A 23 W L2 T2 B Y A e 25 25
F(P<0.05) ,

A Y A% FEFRA BN IRLH B 21 4% 18 A4 C 4. 4% K BE G, RSk Irte b I s,

B2 FEANEHHFEGFEARFR

Fig.2 Intestinal conditions of Cyan-Shank Partridge chickens in different groups

A Y A% FEFRA BT IRZH ;B 41 4% Sl Il 4 C 4 4% kBEG A, LERRA I+ 380, TEEA b=, FEE R NG,

B3 FERBAFTMRE+ . ZHEOGARFRE(x4)

Fig.3 Histomorphology of duodenum, jejunum, and ileum in different groups of Cyan-Shank Partridge chickens ( x4)
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Table 6 Histology status of intestinal villi in different groups of Cy-
an-Shank Partridge chickens

£ty A4 B4 cH
T HEA TR (pm) 805.08+14.94c  859.53+22.89h  943.57+3.39a
+ AR IE (um) 114.75£30.05a  66.06£10.77b  135.20+3.10a
T HIANUZERE (pm)  74.86£9.58¢  121.63+8.02a  103.75+2.10b
AR (pm) 678.00£66.75¢  767.00+20.30b  844.43+3.72a
2B TEE (pm) 55.12+¢1664c  81.25+5.79b  110.94+4.25a
WA UZIEERE () 168.59+33.11a  143.07+6.60b  106.92+2.66¢
7286 K (um) 632.01+27.78b  642.26+25.40ab  657.19+3.88a
[IAZRESERE (um) 136.85+41.00a  61.79+12.95b  113.73+2.74a
B AUZEE (um) 114.00£34.62ab  92.3329.57h  136.11+2.95a

A Y 4% A2 ERAL BT BB s B 41 . 4% 30 St 41 C 4. 4% KT E 4.,
[FH TR G AR NG FR3OR 2257 B8 (P<0.05)

3 i i
31 SEEREHERIRL KR B AR
(RIELL ) BIEAI

FEAMIESE & 0 i A5 i A 4% 27 # A Wt
T HERRXG Jo | X6 174 A 3k B A5 3] I 25 4 vy, X 5 923
LT MR B SRR 4% SRR IS5 R
W75 A0 RS HAR TR 10% & BE G, Wh R
AR R XU RS AR R AR I 3% ~ 9% 11 2% T i
BEWE, FIARRE S T XENEKEE, I
e TR AR (R Y A XS )k 38 5
i, Sl 2. 5%3287 EF+2 10. 0%, HAR R
LR LR MR, FEAHIFSE o, 1] IR 3 i
ZH AR HE s T A 2 4] MO R R A R
T HA 2 20, 3X R fig 538 T2 S A R
J IR TS TR A O, AR TR
3 A A I ABIF Y i I i I L P A I
fo TN A RS R AR | 3 5 e T 2 s v
P T R0 3 P ORI T8l B B YA G, B
AWFFE I, TEXS DR b S I i i, 0 SR AR A ] s
FhFEARTE R ZHERF R UE T2 BT P 5T, B
G RN 3 25% , WU Y AR AR AL
SRR SRR P W38 S i 4 R A
TR 28 S I vl e itk B8 5 e Ak R kR &
PR S 7 A R A R AR G A | AT A T sk 14035 11
P IS, Gt 2R S A T R AR 1 R 5
PURE A MREPUE RN S' Y | R a b

FRITERY B 5 BTG M AN 2T 2 R RS M Bl K 8
L AR BN K T I B R X
R AR R B R
32 EEEBEREHNEHAGEALAREING
s

MIE D REAH G BHE PEHE b A, Tt 3 5 i
PRSP REAS WIS B & e s X 7R
LY R 2R P AT R T UESE ) MEESE T A B
ARG P 240 Ry el M 2 I v 2L ) 3 A%, B A A )
HR R N30 S T REE A T B RR R BT R 55
FHECZ T, IR A g 8 2 %) X6 O D e 1
ST AL G G A, AR A, S e
Wi AR NRRL Y-8281 [ & 1 i 5, ke vl
T P IO LAt 3 o s P R U LA S A )
JHF TR AR, X T RE-S S L W Ry B i
WEhA ) R R S AR S PR RE T R IR
X, HETHT GE LN MEM R EZ I B
B2 G/ l-a AT A TR =N O s 2R /) T R
RPNFE T, BN, Gk 2 MR B AT T LT
ARG , LG A 2 B g Gl
AT RS FLAT IR 6244 Ao , LBy & i R o 0y
IR B AR T 3.32 1% .5.68 151 L KT T
B T HA U AEAVERISN, i A R IIBTRIG T, 7
AHIFFE R, e W T i 2 ) 7 BEURR XS T D R 2 1R
BHA 2 4 0 s, T e AR O A TR B S
SRR A PN BT A B s R o i A 6, B
IIEA TR LAY,
33 EEEREHXNEHABIHEALAREING

S|

5GEE B, R R A BRI S A AR TE R 2
WESEPUE IR N T & A b i HROCR — A
HET AT R WL S Ak R 9 )RR
RS RATEARGL A P REFE AR L X5 AS G ] W & e 57
Ab3E R FERE FORR RN S RN A kR TR
DA dl 2 A A O 2R T 285, SR A (D, [ ) AR A
P IBOR T SR AR AR R e A G LA R
R TUA4408L Bk A& e s il Rt , AN ] A R
B A s A B AT R LK TR AR T i g
SR TLR4 S0E 51 &2 % L R A0 e R
PESCI , AN [ R b 80 5 P R A i PR =R 4 i A
TFRYFIR DD MR A A 5 4 0 D i it 7
G TE A IR R e T DA A I A R MR
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FEMERE ., TR S5 A A /N BUH R oI ACK iih
B AT, T AR R RUBEAT TR 25 7= S i P T 4
ARV ARG = B R4 i 1D R ™ £, AT FAEAIR 1L-6 1L- 18,
TNF-a %5 42 48 40 it [ 7 7K SF, 3 /> COX-2., iNOS |
PGE2 NO 25 R A T A1 MCP-1 #a4L K Fr=4 ik ]
WL H] HDAC3/MAPK G HE (H il NF-xB % 4E &%
ARk 1L-10 TL-4 HT R I 7 7= A=Y T A 5
e Wy 1B R AE . 45 45 W 98 /)N U K 4% B8 200~ 800
mg/ kg 7 LT HUH: Bk SCIR B K I8 5 IR S
(LA 200 mg/ kg7 B R KSHE TR A ik 2
B BT SRR/ B IL-18 1L-6 I TNF-o S54fE
SR TIK- WA S v TL-22 Z53M 4% K K i i
PR 25 AR RN A 35 TR 5, AN [ 2 b 3ol
S5l 98 /N R B T E ) e A 2 TR) B (e g 1 4 R 3
i, FEIEREREN DR AN 6% 12% FLIR TA [ 45 &
iz w2 i, T 28 T R R R B 3 E Y T
PR R A A KR RE Y FEARR ST
TN R ALY B T 6 A8 1Y) K A v e 5 Wi i =
FRER A B 6 & W R 85 T | & T
B TE— e B RO T B i R 4
T 1, IR T 39 10 il fe e, R, 56
FREVAE Y o — A s TR T e 1 2 7 3
YIRS 35 7 B i, LAROKT 3 W 2 A SR 11 5 i)
B DB TIRA R LASE

4 %5

AEXT T+ 4% 22 K20, 4903838 T 2H AN AT DL 3%
Rof AT 7 B PR NS A A P8 DRI A%, R 0 1)
JHFRIE B3 fEE SR 5 49% 2 e e 20 D0 ] 2 it s R 1 A
KA E Rkl b [R] s R AR 2 36 X 14 AR 2
e, A RUGEE RS Y B 2R EIEA e R (R .
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