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Effects of fermented soybean residues on growth performance, apparent nutrient
digestibility, meat quality and serum biochemical indexes of Hu sheep
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Abstract: The experiment was conducted to study the effects of fermented soybean residues on growth performance,
apparent nutrient digestibility, meat quality and blood physiological indexes of Hu sheep, and to investigate the value
of fermented soybean residues in the production of meat sheep. In the present study, twenty-one healthy male Hu
sheep with similar body weight were selected and randomly allocated into a basal diet (control) group, a soybean
residue group (basal diet+20% soybean residue, SR) or a fermented soybean residues group (basal diet+20%

fermented soybean residues, FSR), with 7 animals in each group. The experiment lasted for 49 days, including a 7-

W Fiy H 2 2021-11-15; ¥ 8] H 38 : 2022-02-24
FEATE LA R A EAFTE[CX(19)1006 ] %8 .
PER A G (1997-), 55 VL9 m Bt ZE L o E-mail: 2019105057@njau. edu. cn

* il fFEH Corresponding author. E-mail: maoshengyong@njau. edu. cn



531 B 11 Fll2F i 2022 4F 87

day adaptation period. The results were as follows: 1) Compared with the control and SR groups, addition of 20%
fermented soybean residues in the diet (FSR) significantly increased the average daily weight gain of Hu sheep (P<C
0.05) and significantly reduced the weight gain cost (P<Z0.05). 2) The apparent digestibility of dry matter (DM) ,
crude protein (CP) and neutral detergent fiber (NDF) of Hu sheep in the fermented soybean residues group was
significantly higher than that in other groups (P<C0.05). 3) Compared with the SR group, the carcass weight of the
FSR group was increased (P<C0.05), while the dressing percentage, meat redness values of the FSR group were
greater than those of the other groups (P<C0.05) , and the drip loss was lower than other groups (P<C0.05). 4)
Compared with the control and SR groups, the serum total protein content of the FSR group was increased (P<C
0.05) , and the urea nitrogen content was reduced (P<C0.05). Compared with the SR group, the serum albumin
content of the FSR group was increased significantly (P<C0.05). In conclusion, the addition of fermented soybean
residues in the diet significantly improved the average daily gain of Hu sheep, reduced the feed cost, improved the
apparent digestibility of DM, CP and NDF, and improved the meat quality and serum biochemical indexes.

Key words: fermented soybean residues; Hu sheep; growth performance; apparent digestibility; meat quality;

serum biochemical indexes
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1.3 M E AR X1 EEBEREBEEMNESRKTE
1.3.1 KM ?Eﬁtﬁﬁﬁ/‘]%—i*ﬂ%fﬁ—f Table 1 Nutrient levels of soybean residues and fermented

ot S vt e . " soybean residues(dry matter basis, %)
Wb X TR W SR BEAT S I RR 43 0 A ) b A o — premp—

i SRS ARV

Al @‘(;KM:E ° %%—LE %% /El 32 EKJ Z{ﬁ\ *Jri Gl %IJ 7Hi .1 Items Soybean residues  Fermented soybean
SET ) 5K & & (dry matter intake, DMI) . F£ 48 §5 4% (SR) residues (FSR)
JE A 48 T 107 35 H 18 5 (average daily grain, ADG) HLEE 1 Crude protein (CP) 19.16 19.50
T L (feed to gain ratio, F/G) HLAE i Ether extract (EE) 3.61 2.91

- . KL 4% Crude ash (CA) 9.47 8.12
1.3.2 FWHAE T IERM0E 4749 K it )
L - . - e HLEF4E Crude fiber (CF) 13.13 13.73
I3 d BT AL, e i K B SREIF PR, S0 FAVEVE 2 £F 4 Acid deter 13.25 13.63

R ,m,é\ﬁiﬁﬁ 10% TH id‘%{%ﬁo ﬁ 150 gﬁ gent fiber (ADF)
FEIM10% F i e ] T WA LIRS G BT — 20 Cuk 414 F P P 2 4T 4E Neutral de- 37.35 42.93
e o IS S5 AR B A Rl RE i R R, 28 0. 425 mm tergent fiber (NDF)

F2 HBERABRREFRKE

Table 2 Composition and nutrient levels of diets(dry matter basis)

I H XJ HR2H ERI ¥ T LI 4
Ttems Control group (CON) Soybean residues group (SR)  Fermented soybean residues group (FSR)
J5 K} Ingredients
e 4 T 5 Oaten hay (%) 23 23 23
%5 Alfalfa hay (%) 17 17 17
E K Corn (%) 30.0 23.1 23.6
K Soybean meal (%) 16.5 14.5 14.0
K e %k Kz Fermented wheat bran (%) 4 4 _
%k Wheat bran (%) 7 — —
K K W 5L Soybean residues (%) - 16 —
% ¥ 5.3t Fermented soybean residues' (%) — — 20
4 NaCl (%) 0.8 0.8 0.8
R K Premix” (%) 0.8 0.8 0.8
{1 %} Limestone (%) 0.6 0.4 0.4
B R 245 CaHPO, (%) 0.3 0.4 0.4
77K F Nutrient levels®
4L HE Digestible energy (MJ-kg ') 13.28 13.32 13.37
H & Crude protein (%) 17.36 17.15 17.27
HLAR I Ether extract (%) 3.86 3.87 3.76
PR VB I 27 4k Neutral detergent fiber (%) 29.21 31.75 33.23
TR 1 0k ¥ £ 4k Acid detergent fiber (%) 20. 20 20.75 20. 85
MK 53 Crude ash (%) 5.81 5.78 5.74
5 Ca (%) 0.70 0.73 0.71
WP (%) 0.48 0.45 0.43

R I 1 80 %0 B AN 20 %6 Bk Bz 4 By I W) & BE 1 3K o The fermented soybean residues used in the test was a mixture containing 80% soybean
residues and 20% wheat bran; * %} T 32 # iE B 1 &% A The premix provided the following per kg of diets: Fe (as ferrous sulfate) 334 mg, Zn (as zinc
sulfate) 313 mg, Cu (as copper sulfate) 80 mg, Mn (as manganese sulfate) 251 mg, I (as potassium iodide)246 mg, Se (as sodium selenite)44 mg, Co
125 mg, V, 18000 IU, V,, 3000 1U, V, 576 1U; *{4 1L &E M it 518, 4y 52 . Digestible energy was a calculated value, while the others were

measured values.
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R 7 3 i, I A L 3R A A0 AE - T B (dry matter, DM) | F M Uk % 2T 4k (neutral detergent fiber, NDF ) (KL 4
H (crude protein, CP) AJIEI5 (ether extract, EE) (B2 7 Ut ¥ 2T 4 (acid detergent fiber, ADF) & & ; F8#£ T 65 CJ%
EFHEA8 h, FARZAF T M 48 h J5 R TH B WI K 43, SR 5 By 0, 28 0. 425 mm W G ok 8 U5, 0 5 B3 3 JL 8 57
LAY T i, BRI E T vk S 2 ok e A 2 0 R 2 T % AR B e A AR ) <
1.3.3 IMmiEdf Tl 0 20 49 K38 /2 25 I8 S0 kR i 10 mL F R I Hr e ) #5504 b, £ H8E [ )5 3500
r-min B0 10 min, BB E WO E T — 80 ‘CUKFRRAT . ] Procyte 42 A 3h i 41 i A 3 43 H1{X (IDEXX,
I =)W A 1l e A AL FE A o
1.3.4 PSR JE AT A R E HASE 4 h, Bl HEh PO e . B2 E R AT K URE S i A7 €
AILPA pH i K35 e B0 L FR K 7 A DR B A I o LRI A S 2 R AR B AR O ik
1.3.5 Sk WHENA T kg D= MAGCT- R -d /B E (kg 2 -d ),
1.4 #HEAE

K I Excel 2019 3 47 B4 7 45 3 B, fifi F SPSS 26. 0 #F 17 8 K 5 22 5 #F (one-way ANOVA) , Jf- %
Duncan L 1T 2 8 LKL S, 1B 35 4K 7 P<<0. 05,
2 ZHRESW
2.1 ABaExHFARBAERPEFRAN IR
2,001 R A NI A A KPR AR Y R 22 3 AT, & 4L E R GR IR B2 JE 1B 3% 22 % (P=>0. 05) , Tl K EE &L
BHMAREEREEA D EWM(P<0.05) , 5XRAEF AR E . SXRHAMGEHMIL, kB EAN
ADG i ##55 (P<<0.05) ,fH DMIFI F/G ¥ 70 . #7284k (P>0. 05) .

K3 ABEENHELEREENZIE

Table 3 Effects of fermented soybean residues on growth performance of Hu sheep

i H Items Xt HEZH CON G4 SR KT 4 FSR iR SEM P {H P-value
¥ i % & & Dry matter intake (DMI, g-d ") 1141. 12a 1113. 33a 1175.79a 31.15 0. 590
W14 14 T Tnitial weight (kg) 23.37a 23.33a 23. 36a 0.37 0. 990
KRR Final weight (kg) 36.01a 33.91b 37.11a 0.54 0. 040
SE-34 H T Average daily gain (ADG, g+d ™) 258.02b 216. 04c 280. 76a 8.25 0. 002
L H L Feed to gain ratio (F/G) 4.49a 5. 24a 4.25a 0.20 0.110

Vo R EING S R 2 5 i (P<0.05). FI.

Note: In the same row, the different lowercase letters mean significant difference (P<Z0.05). The same below.

2.1.2 P G W SR 20 U AR 1) R ) P % 4 ] 0, 0T R A () AR AR B T i AR R i R A (P<<
0.05) . & e W5 20 5 2 (4 3% 5 AR R 8. 700G - kg ', 5 6 B4 S s 0 AH EE L 43 500082 1 2. 30 Fn 2. 51 76 -kg ',
H25 8% (P<<0.05) %45 R R, a0 & B O n] LURE AR I 26 19 7% 50 AR
2.2 KRB EEXEF IR A B ARG

HH 3% 5] H, AT S 20 ) F ) DM CP Fl NDF FULTH A6 238 i 35 5 T HAh W 20 (P<<0. 05) ,{H =20 Z [ i) EE
FIADF SR Ak % 22 5 A i 35 (P>>0.05) .

x4 RBEEXNMFEFUHEN I

Table 4 Effects of fermented soybean residues on economic benefit of Hu sheep

T H Items X ZH CON kA SR KWL FSR FrifE % SEM P {ff P-value
#E B Feed consumption (kg-No. '+d ") 1. 14a 1.11a 1.18a 0.31 0.59
T B AR Feed cost (yuan-No. '-d ") 2. 74a 2.34b 2.35b 0.07 0.01

1 H A Weight gain cost (yuan-kg ') 11. 00a 11.21a 8.70b 0.47 0.04
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K5 REBEEBWHBFRSIRIELENZMW

Table 5 Effects of fermented soybean residues on nutrient apparent digestibility of Hu sheep (%)

T H Ttems Xf 20 CON T4l SR KBS B4 FSR b e SEM P {} P-value
T Dry matter 68. 88b 68. 46b 72.42a 0.43 <<0. 001
HL#E 11 Crude protein 72.58b 70. 22¢ 74.90a 0.45 <<0.001
HLUIE D5 Ether extract 73.69 72.82a 72.79 0.17 0.370
VR T 4E Neutral detergent fiber 60. 19b 60. 28b 62.31a 0.25 <0.001
Ji% 1 Pk % 27 4i Acid detergent fiber 52.69a 52.92a 52. 96a 0.09 0.463

2.3 AWM EAHFEFHEANSRG @

F 2 6 1T 1, 45 41 26 (Y SE R TG B Y Y0 ) (2R E AR R S CEUE pH,,, A1 pHL, T W E M2 5 (P>0.05) .
5 R A FE & T T LI 0 IR AR R R (P<Z0. 05) (B 5 X IR M L, 22 SR B3 (P=>0.05) . 5%} g
RN L AR LY, T i A B S SRR LD B 3 4R R (P<<0. 05) , T K 51 2Kk W 35 T R (P<<0.05) o

R6 KAEBEEXNHEEZEMERA MR

Table 6 Effects of fermented soybean residues on slaughter performance and meat quality of Hu sheep

i H Ttems X HR41 CON 4l SR REGHAFSR ik SEM P {f P-value
SEHI % # Live weight before slaughter (kg) 36.01a 33.91a 36. 83a 0.55 0.075
flil {4 H Carcass weight (kg) 17.03a 15.53b 17. 84a 0.34 0.010
J& 53R Dressing percentage (%) 47.24b 45. 80c 48.45a 0.38 0.007
5 4] 47 Shearing force(N) 74.55a 80. 98a 78.12a 1.36 0.154
K48 Drip loss (%) 35.45a 30. 76b 29.02¢ 0.11 0.034
AP Cooking loss (%) 35. 46a 32.80a 30. 39a 1.08 0.159
TEPE L* value 48.11a 49. 64a 48. 11a 0.48 0. 344
2L J¥ a* value 20. 80b 19. 43c 34.30a 1.56 <20. 001
& b* value 8.15a 7.68a 7.78a 0.30 0.812
pHos i 6.32a 6.38a 6.29 0. 04 0.672
pH,, , 5.54a 5.55a 5.58a 0.02 0.801

T L a b op 5 7m0 Y 58 2 20 BE AN

Note: L*, a*, b* indicate brightness, redness and yellowness in meat colour respectively.

2.4 KRB 2 &k A ALIRAT A R

P28 7RI, 55 0 REZE RN G 2 A L, K T LT AL SR A I B i AR (P<<0.05)  IRE A F i i
EREAL(P<<0.05) . 5 Gl A Lh, & I8 W 20 ) 56 i 3 1 AR 1 35 4R (P<<0. 05) B 5 X B4l 2 1] T8
BEZEF(P>0.05),
3 iFit
3.1 BARTRMEE S EHE A RERS B REAIBEG Y

WA, G R IR R R B RS W SR R R R R TR Y,
238 s, o O80AE ) kT A BT A A A S v 0 R 3R T A R R I A I S T A 1) e M D T
b, 1) % 1 et i v 7 A 1 LR 45 ) 0, A ml ke 3 RO 1 R AR IR s B, 3 4 = [0 10 T A R SR A
AT 25 S UG I H R R R K T S R X B R e AR W R (R PR K O B SR T TSR A H O
LA X — 25 R UL, KB B 7E RS e sh ) R (i 00 R, W4 & sh i (9 2k 7= R B, 5 BOZ 45 5 £ 25
AT B 5 & T L H R ER T ISR SR AR AT O . AR B i R B R R i 411 S5 (1 DML CP R NDF 26 07
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x7T ABEEXMNHFEMFENERNZE

Table 7 Effects of fermented soybean residues on serum biochemical indexes of Hu sheep

Ti H Items X Ht2H CON T4l SR KWEEEAFSR - pRHEIRSEM P {H P-value
M M Total protein (g-L ™) 59. 77c 60. 66b 64.33a 0.52 0.002
H#& A Albumin (g-L7") 30. 40a 29.43b 31. 83a 0.36 0.015
Bk 4 11 Globulin (g-L 1) 29.37a 32.23a 30. 66a 0.59 0.139
2k L Albumin to globulin ratio 1.04a 0.92a 1.04a 0.02 0.055
JR % A Urea nitrogen (mmol-L ") 10. 23a 9.20b 7.68¢ 0.34 0.003
Ja JIH [ 5 Total cholesterol (mmol-L ") 1.70a 1.47a 1.62a 0.04 0.057
Hih = Triglyceride (mmol-L ") 0.47a 0.40a 0. 46a 0.02 0. 360
% B Glucose (mmol-L ") 4.51a 4.46a 4.68a 0.06 0.226
L R B Alkaline phosphatase (U-L71) 463. 29a 381.00a 460. 00a 19.49 0.149
45 % & i Alanine transaminase (U-1." ") 17. 14a 16. 86a 20.57a 0.92 0.192
2 W i Aspartate aminotransferase (U<L ") 119. 86a 109. 43a 118.57a 3.86 0.509

AR T A A A o M X P BE 5 T R R S A R A s IR A G, — SR E R TR HOR S IRk
BRI 25 25 el A W mT Bt R R kT RO AR R R A UL AR AR IR 5 45 SR 5 S RN Tres 48
(AT 53 412 38 F AR — B0, A e B FR & B RP R B S S, R TR 0 1 DML, CP R NDF 7898 5 P9 19 A 550 0% fifg %
AR WEHTAH L2 AR
3.2 AMEBENPFEFRRAASRG I R

A IS T TR RS N 20 00 R LM T W B TR 0 R RN SR S5 IR U, O TS N ke
BB TSR RAENUARN DI . DL pH 2 PP RS T A S 48 bR 2 — , B 92 J5 pHAE 5. 8~6. 8 FE I
B o ARG T, 25 ALY pHos o 35 76 00 T P, (R 58 3 M 25 S, 5 SR U B 4l K 18 O S S e LA
pHo JEH AR, A T 0 5 5 (L) (R AIC, 200 B Ca ) {BR /3 , 20J3 (b) (EUBRAIR , A (™0 ARG v, 45 4180 2
B PR JBR B 5 B (L) M (b ) TE W Mk 22 57 (H R RS A 208 (2 ) 35 T HAL 4L, R H A A5,
B G0 3 AT AL PA I SRR B U0 0 LR, R AR b, A AR Y V) 22 O R U B A
W R T LT AN 2 5 JUL PR R B 10 0 o T K A B e 1 2 L PR A R K M B L B AIR 0 B PR OK PR AR R A . AR I
v, Tk T T 2RI S AL R ) K A R A Al 5 2L SR A1 106 B R T T v S UL PR A PR K R AR A
3.3 AW 2Bl F i ARG e

A4 Sl W) L5 A A A AR R S W AR K R B R AR RS B g IR O ) BB AR 2 — AT o S I R i
T B9 | BT TR 8 0 S A B 95 A PR R IR EE AR . — S O A MIIF SR AR I, R I IR} B 25 AR A B R 4y T R A
Y AE A TE bR . AEAEAE R WFIE AR I, T R 40 e R S A ™ A 0 A R B TR AR R O R A R PR AR g
I M G 2, A0 A A B B2 ORI SRR Y A B, DR TR o T A Tk S AR AN AR R A A i R A R 3R
R HIMEREAMAEARAE L EEN ., Zhang &2 W58 KB, Wb in 2% KB Rl B E R ST
JIES 2 SR L 5 R R R I o I R R R R W T LR G AR e AR T A £ A KT DL R AR
5 0, T I3 DR 28 R0 B 3 B S e 1 R4 R R ) R R ) S AR . ARG, S b LA L, R
2 A SR R IR A B W RN, U0 IR A T S T DL AR N DO B R L
AR %
4 i

H RS s i & e o T e AR S AR Y B AR B SR A B O A, BER S R DM,
CP HINDF 1R W15 AR IR 2 A & o 25 AL U0HT Y 2E 1Rk b a8 in & 9 W A B T B AR 3 1 14 35 58 AR, 2
E i
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