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Abstract: We investigated the effects on the blood biochemical indexes, antioxidant indexes, rumen fermentation
indexes, and rumen bacteria of two different ratios of mulberry silage as a replacement for soybean meal in the diet of
Xiangdong black goats. Forty-five healthy Xiangdong black goat rams aged 5—6 months with similar body weight
(18.241.6 kg) were randomly divided into three groups: a control group (group CK), a 50% replacement group
(group S,) and a 100% replacement group (group S,). The pre-test period was 7 days, and the formal experimental
period was 55 days. The remaining feed from the previous day was weighed every morning before feeding and the
goats were weighed every 2 weeks. On the morning of the 54" day of the formal test period, blood samples were
collected from the jugular vein of each goat. Rumen fluid was collected orally 3 hours after morning feeding on the
54" day and before morning feeding on the 55" day of the formal experimental period for the determination of blood
indexes, rumen fermentation indexes, and rumen microbial composition. The results showed that the final body
weight, average daily gain, and dry matter intake were significantly higher in the S, and S, groups than in the CK
group (P<C0.05). The serum low density lipoprotein cholesterol concentration was significantly lower in group S,
than in the CK group and group S; (P<C0.05) , and serum albumin and cholinesterase concentrations were
significantly higher in group S, than in the CK group (P<C0.05). The total antioxidant capacity was significantly
higher in groups S, and S, than in the CK group (P<Z0.05), but the malondialdehyde content was significantly higher
in group S, than in the CK group (P<C0.05). As the amount of mulberry protein in the diet increased, the molar
ratio of acetic acid to isovaleric acid decreased significantly (P<C0.05) , and the molar ratio of propionic acid to
valeric acid increased. The replacement of soybean meal in the diet with mulberry silage did not affect the alpha
diversity of rumen microorganisms (P>>0.05). The dominant taxa in the three groups were Bacteroidota and
Bacillota. With increasing amounts of mulberry silage in the diet, the abundance of Bacillota increased significantly
(P<C0.05) , and the abundance of Bacteroidota decreased significantly (P<C0.05). The dominant bacteria in the
three groups were Xylanibacter, Butyrivibrio, Segatella, Succiniclasticum, Fibrobacter, and Olivibacter. The
abundance of Butyrivibrio was significantly higher in group S, than in the CK group and group S, (P<C0.05), and
that of Olivibacter was significantly lower in group S, than in the CK group and group S, (P<C0.05). These results
show that replacing soybean meal with mulberry silage in the diet of goats improved their metabolism and increased
their antioxidant capacity without affecting the alpha diversity of their rumen microorganisms. Therefore, this
resource has promising applications in ruminant breeding.
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detergent fiber, NDF ) Fl 2 7 ¥ % 21 4k (acid detergent fiber, ADF ) £ & 43 % & 35. 66 % ~57. 34 % H1 16. 85% ~
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1 HR5H®
1.1 RBEitS5mEdm

T 2023 4F 10 H — 2024 4% 1 H 76 W 7 2 4 U i1 30 BE 77 30 22 R0k A BR 2 w647 o ) FH 3 04 3% il 90 e
BT S T R 5 SR R R L s B I 7E AR K 2 85 em A2 AT IR ED K B IV PR A A A B AR 2 A A% b i R Y
B B AR (A7 60 d s T A de I

TE R B H AR T AR [(18. 2 1. 6) kg9 5~6 J % i 75 J& 1L 5 45 HU, BE AL A3 5L 3 41 (X A s 1 240 Fn
WIS [ 4l), Rl 15 K. XA (CK ) M MLl B R, U 41 (S, S, 41) 43 50 DL e 4 6k 58 848 50 % il
100% F TR, SR FRPRIE(NY /T816-2004) " E il H AR, HOMZH i M 8 F5 K W 1.
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31 W FF B ) ML 330 2 Al AT BR S A AR BE R BB, A H R 1590 NIRRT B, R e e iR s e B
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Table 1 Experimental diet composition and nutrition level

15 H H #4b ¥ Diet treatment (95 2 Dry matter basis)
Items CK S, S,

H A 41 B Diet composition

Tk Corn (g-kg 1) 258. 6 244.8 194.8

% %k Wheat bran (g-kg ') 44.0 128.9 251.9

I 4 B 3 Mulberry silage (g-kg ') 0.0 268.0 500. 0

M1 Soybean meal (g-kg ") 147.0 73.5 0.0

TG Straw (g-kg ") 500.0 232.0 0.0

WRIRAS CaCO, (g-kg 1) 7.0 3.5 1.3

WER 4045 CaHPO, (g-kg ") 18.5 24.2 26.9

& NaCl (g-kg ") 5.0 5.0 5.0

VIR K Permix (g-kg 1) 20.0 20.0 20.0

B3t Total (g-kg 1) 1000. 0 1000. 0 1000. 0

H 77K Nutritional levels

IR #HE Metabolizable energy (ME, MJ+kg 1) 8.68 8.75 8.70
HMLZE 11 Crude protein (CP, g-kg ") 116.0 116.0 116.0

P PR 4T 4E Neutral detergent fibre (NDF, g-kg ') 415.8 380. 4 356.5

FRIEVE T 2T 4 Acid detergent fibre (ADF, g-kg ") 267.5 253.7 243.9

5 Ca (g-kg ") 10.0 14.0 17.2

P (grkg 1) 6.4 9.0 11.0

B Ca: P 1.56 1.56 1.56

T VHUR R R A kg BB 4 R RSk 35 mg, 4 15 mg, 4% 90 mg, 4% 70 mg, i 0. 05 mg, Wl 1 mg, 44 0. 15 mg. “fLFRE W S H 1.
Note: " The premix provided 35 mg of Fe, 15 mg of Cu, 90 mg of Mn, 70 mg of Zn, 0.05 mg of Se, 1 mg of I and 0. 15 mg of Co per kilogram of dry

matter. © The metabolic energy was calculated theoretically.
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1.2 H#&RELHAE
1.2.1 MEREA FEIEH 54 d R Z BT HEAT R L, 4 R AR A2 10 mIL, &3 30 min &, 3000 remin '
B0 10 min, R BB AN 2 mL BOE RS T — 20 CIRAF TR 2200 .
1.2.2 FHBHEAR TEIE R 54 d R J5 3 h A1 IR 55 d R AR AT 43 5 48 FH O ks 96 18 WOR B 4 X 1 HE R 42
REW, B HREREASmLAEE1NS50mL A2 2 mL BEELE, B TRATRAFEEILEE ., —3H5o
S EE A pH I (REX PHS-3C, BIAXEREAS )T ) B2 2 pH.
1.3 AF 5
1.3.1 Il ¥ 48 br 4 B i 4 A sh A= 4k 43 B4 (Cobas C311, Basel, Hti =) il % 1L 3 -5 88 05 A€ 15 A0 5 1) 45
b, 178 %5 B (glucose, GLU) | il [& 5 (cholesterol, CHOL) | H it = i (triacylglycerol, TG) g i fiff (lipase, LIP) |
1= % 1% JIE % A (high density lipoprotein cholesterol, HDL-C) I % J& i & H (low density lipoprotein cholesterol,
LDL-C) & , 5 JiF Ik A% ) A ¢ 48 #5 40 4% & %% % B (aspartate transaminase, AST) & N ¥ 2 B (alanine
aminotransferase , ALT ) 1 L B& g i ( cholinesterase , CHE) , 5 % FH & A5 105 A 56 B9 45 B5 @1 43 2 1 (total protein,
TP) 1L % (blood ammonia, BA) . Ifi. /K & % (blood urine nitrogen, BUN) fil (4 % H (albumin, ALB) [ & & .

2 B £ (AKAO012M \AKFA013M . AKAO001M-100S \ AKPRO14C , 4t 5% & 128 T) 15 B 5 #2443t iy 0 52
J7 B A2 L2 I P 0 B BT S AL BE ) (total antioxidant capacity,, T-AOC) . [ (malondialdehyde , MDA ) ¢ J& |
i 48 AL W) B AL T (superoxide dismutase , SOD) F4 e H ki 48 A ¥ ( glutathione peroxidase , GSH-Px) i 4
1.3.2 FEWHER W E RS B 35 mL & T 2 mL BG4 L A0, 15 mL25 %6 fi B #R 7 W, 16000 -
min B0 10 min J5 B 3 6 B W EE kT R NHL-N e BE 2 BR B R B O 3 T g R R % T B T
(total volatile fatty acid, TVFA) & & .
1.3.3 JEEMAEY X RN E DU () Ak B 20 22 1) 4 968 B WA REAS, £ T DNBSEQ Ml 1y ~F- 5 % & B 4f 14
16S rDNA 1 V3— V4 KXHEAT M, 57 45 0 % B0 2E 47 13 98, SR 5 (8 T DADA 2 5535 XA 20 91 BEAT 25 1845
B34+ ¥ 5142 5 (amplicon sequence variants, ASV's) , fz J5 i 1] RDP(ribosomal database project) %4l £ #17 Lt
XF RN RE o o Z2FEVE DL R AN R 20 18] 099 G0 0 IX R A2 4, Y00 BGTBUA: 0 18 1 23 B 7 5 #4740 17
1.4 HELRT 5

i FH EXCEL 2021 X 4 JE A7 490 42 4 B, fi JH SPSS 25. 0 i {03t e JE AT 8340 L 5% FH B I8 2807 22 40 #
A AR RE IR A A R BT AR AR AR R AT B A, A 22 S 3 SR Duncan BT 2 H AL, SRR E
B T i) 5 I S 3 BT O R R AR AR R AT S MR 0, DL H R A SRR 4R R[] Sy SE RGO, R 50 20 ) SR
B[] 2 ) A5 AE R S AR T o 28 5 3% O P<<0. 05, 22 5 [ 3 P<<0. 01, 987 SR ) Z A6 1230 47 it BGI
WA BTG AW R v 3. 2. 1/ Kruskal Test #E47 i 2 146 56 .

2 HRESH

2.1 A kMgt

T IV Rk 3R R AR TR U AR R S R K M RE R R A 3 2 TR, P RDRE 3R R AR 90k X 28K B (final body
weight, FBW) -] H ##% & (average daily gain, ADG) . T #) Jfi % & & (dry matter intake, DMI) FiUR} 5 b A W 3 5
M) (P<<0. 05) , Hif DM B A L 5] 6 38 i i S 2386 i (P<<0. 05),S, 5 S, 4119 ADG 3/ T CK 41 (P<<0.05),
1M S, 20 i kL LU SR AR, 1 AT CKORT S, 4 (P<<0. 05) .
2.2 ik AR AR

AN TA] 8 3 A R Z B ) % LDL-C .CHE \ALB F BA & #74 B E M0 (P<<0.05) (% 3). S,41#Y LDL-
C WL T CK A S, 41 (P<<0.05) , CK FI S, 41 Z [7] 22 5 A Ik 3 (P=>0. 05) 5 S, 41 ) CHE Ml ALB & i it # & T CK
ZH(P<<0.05),S, 41 CHE M1 ALB & i 5 CK M S, A ¥ 0 i # 22 % (P=>0.05) , S, M1 S, 40 1) BA &% i W F L T CK
4 (P<<0.05) , " & AL § M % GLU,CHOL, TG ,HDL-C ,LIP, TP, BUN,AST 1 ALT ¥ & & & ¥ i
(P>>0.05),
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Table 2 Effects of silage mulberry replacing soybean meal with different proportions on growth performance of Xiangdong black

goats
i H H 4B Diet treatment R iR P1E
Items CK S, S, SEM P-value
¥ #A E Initial body weight (IBW , kg) 18.3 18.0 18.5 0.43 0.643
A A T Final body weight (FBW, kg) 21.2b 22. 4ab 22.5a 0.28 0.002
SF-1g H 1 Average daily gain (ADG, g+d ') 45.8b 65. 3a 67.7a 4.36 0. 002
F¥ 5 % & i Dry matter intake (DMI, g+d ™) 607. Oc 788. O0b 893. 0a 137.41 0. 002
B L Feed/gain (F/G) 15. 7a 12. 5b 14. 3a 0.80 0. 040

T CK R X RAL, S, S, 43 0 378 3 T DRk 88 A8 H R 5096 #1100 %0 B9 SLK1 ; AT A [ 0 Fe R b 2 ) 25 5 3 (P<<0. 05), R,
Note: CK means control group, S, and S, mean 50% and 100% of soybean meal protein in the diet were replaced by silage mulberry, respectively;

Different letters in the same row indicate significant differences among treatments (P<C0. 05). The same below.

x3 BFREAMBEATELZANERBLENFTENEROZ N
Table 3 Effects of silage mulberry replacing soybean meal with different proportions on serum biochemical indexes of Xiangdong

black goats

i H H M AL FH Diet treatment by i P1E

Items CK S, S, SEM P-value
B Glucose (GLU, mmol-L ") 3.71 3.89 4.31 0.186 0.081
JH [ Cholesterol (CHOL, mmol-L ") 2.35 2.34 2.12 0.121 0.297
3 =W Triacylglycerol (TG, mmol-L ') 0.527 0. 502 0.593 0.043 0.307
%% J¥ I§ 4 11 Low density lipoprotein cholesterol (LDL-C, pmol-L ") 0.827a 0. 825a 0.552b 0. 060 0.002
1o 9% ) I6 11 High density lipoprotein cholesterol (HDL-C, pmol-L ") 1.48 1.52 1.51 0.082 0.919
e Wil Lipase (LIP, U-L 1) 16.0 14.6 16.4 0.843 0. 280
MR Total protein (TP, g+ ") 89.6 90.8 91.1 3.052 0.936
H#& A Albumin (ALB, g-L 1) 38.6b 41. 8ab 44. 1a 1.261 0.012
i1 /R Z & Blood urine nitrogen (BUN, mmol-1. ") 7.42 7.42 8. 00 0.225 0.488
1% Blood ammonia (BA, pmol-1~") 144.0a 116. Ob 104. Ob 4.813 0.007
JRBi EE Cholinesterase (CHE, U-L™") 186. Ob 200. Oab 217.0a 4.335 0.017
4 Wi Aspartate transaminase (AST, U-L 1) 96. 4 118.3 108. 1 10.715 0. 362
49 % i Alanine aminotransferase (ALT, U-L ") 28.5 28.5 28.7 1.320 0.992

2.3 ik AAIEAT

T RS B ARG R T-AOC M MDA % it A3 i 352 W (P<<0. 05) (% 4) , XF SOD Hl GSH-Px iy 1 £ 7C &b
FERW(P>0.05), Ho S IS, MK T-AOC L % 2 5% (P>0.05) . HY B & & T CK4 (P<0.05) . S, 4
MDA i 8 %5 T CK41(P<<0.05), S, 4 # MDA & it 5 CK Ml S, 413 o i % 22 7 (P=>0.05) .
2.4 B HABAMK

NS AT LA, 75 Rk SR AR TR R R B S N R ST RR SRR R NG W R R LA
£ %ﬁﬂfﬁJ(P<O.05),XﬂLpH\TVFA\Tﬁ&L‘J*%EW\tK\Z»thﬁﬂNH;;N?T:E%%H@(P>O.05)0 B 5 2 AR L A Y 3
SR 5 G IR 11 B8 7K L A0 3R B O i 3 B IR (P<<0. 05) , TN TR R NG IR B 7K L Bt 2 A LE 9 38 iy B o, Herh S, 20 i TN
M@/wE%ETLKﬂ&ﬂ@<O%)WCK%&ﬁW& RILZERANEFE(P>0.05). CKHMKIRERLL
AT S S, 41 (P<<0. 05), S, Fl S, 21 (14 I8 R BE /R b 22 57 A8 1 35 (P=>0. 05) 5 5 T R BE UK b e B2 AR B 461 oy 50 %6
IR H B2 & 8 A (P=>0. 05) , 722 AR e il 15 31 100 %6 ) 1 2 B AR (P<<0. 05) .
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F4 BFPEAMRBERTERGAZANHERLENFRELEROT D
Table 4 Effects of silage mulberry replacing soybean meal with different proportions on serum antioxidant indexes of Xiangdong

black goats

I H H kAL 3 Diet treatment B e TR Py

Items CK S, S, SEM P-value
ML EMLRE J1 Total antioxidant capacity (T-AOC, pmol-mL ") 17. 54b 28.03a 28.05a 1.08 <0.01
ALY B AL BE Superoxide dismutase (SOD, U-mL™") 28.00 41.18 35.46 2.31 0.07
A . Malondialdehyde (MDA, nmol-mL ") 1.22b 1. 94ab 2.56a 0.22 0.03
A 06 H Ko %01k ¥ i Glutathione peroxidase (GSH-Px, pg-mL™") 150. 43 134. 59 148. 62 3.77 1.86

MR HTE R R TR E R AN R AR AR AR AE B 22 R (P<<0.05) , Hf pH . R 7 T Bl 7 iR
JEE IR L B &N L AE i) I 3 h JiE A S 35 R R (P<20.01) , TVFA Y R Al NG R B8 /K L J2 NHL-N ik JiE i i 3% 1t
(P<<0.01),

ANTR) 53 41 DL K SR B I Xk 3 AR 2 Ll 208 B R Y pHLL LR (TN R SR N G R BE UK EE L 2T LR NHL-N AF
TE 5 A2 HAEH (P<<0.05), S48 pH LR EE JR FL AT 2 FE7E RS 3 h R (19 BRI IR CKOFI S, 4, 17 N H-
N TS R I SG R JEE JK LU B 38 i 32 v T CKORI S 4 . )W 3 h s CKOAIT S, 21 55 1308 B8 UK LE B AR B2 K1 S, 4
2.5 & H 0 AR

ASVs 73 B 45 2R R ], CK A k& W i 2102 4%
ASVs, S 4LR I H 2303 45 ASVs, S, 41 H 2243 £
ASVs, H 341347 19 ASVs i 991 4, CK Al S, 41 3t
A ASVs 2 1364 4, CK Al S, 41 #: 47 () ASVs
1170 %6, S, M S, A L4 19 ASVs S 1376 % (K1 1) . &
Ak b1 43 BT (principal coordinate analysis, PCoA ) FlHE J&
i % 4 HE 1 (non-metric multidimensional scaling,
NMDS) 43 #r (1 25 5 2 01 CK S, 1S, 21 1Y 1o A= 4 W
P IT(E 2)

a ZREPES TS A BN, 341 3 35 i (coverage) ¥
£ 99% LA b, H Sobs. Chao, ACE, Shannon f1 ~ B1 3AFRFFIERNFEE
Simpson f5 52 11K 76 .3 22 5 (P=0. 05) (F 3). Fig. 1 Venn graph of the amplicon sequence variants in three

AP 4B = B2 25 28 o A R W, 3 21 1 08
o A0 35 B 1) 38 2 FF 1 ] (Bacteroidota) #1258 AT
i [T (Bacillota) ( B 4A) , {5 3 52 B 78 4% 4 (8] A7 78 W 2% 22 5 (P<<0.05) (& 4B) , HJ5 2 & 5 i 1 1]
(Pseudomonadota) FI£f- 4 #T B ] (Fibrobacterota) , {H X B FP BT [ TR FE EAE SALMI W AE 3% LT . MEE I k5
SR E B A S0 ZF AR BT 89 R B 3 T (P<<0. 05) BT T DAY =R 2 1 38 B IR (P<<0. 05) ¢

1EJ@ K I, Xylanibacter . T B2 IN# J& ( Butyrivibrio) f# 3% F0R W )& (Succiniclasticum) | Segatella 27 4 KT 1
J& (Fibrobacter) Ml Olivibacter J3 L #15 J& (B SA) , Horf T W2 9K I J& F1 Olivibacter 41 ] 22 5 . 2 (P<<0. 05) (&
5B) . Xylanibacter f£ CK 20 3= B e a8 817 19. 97 %0 o T W IR 1A R AR 3% 30 R 147 J8 D 2 7 S, 20 3= BE 3 s L 43 0l oy
10.06% F19.70% . Segatella #F 3 20 0] i = BE LU AL HZ 30, 43 0 2. 74% . 2. 46 % F12.41% o Olivibacter 7£ CK il
SV FERE Sy A 3 2.39% 1. 44% HAE S,A M F AR T 0.50% . A 4EATRBAE CKA M £ e, A
1330 16 S, A i L e fIX, 8 0. 4506

groups
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Fig. 2 Principal coordinate analysis (PCoA) and non-metric multidimensional scaling (NMDS) analysis of rumen bacterial flora
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Fig. 3 Effect of silage mulberry replacement ratio on rumen bacterial alpha diversity
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Fig. 4 Phylum level bacterial composition and key species relative abundance difference
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ten species in abundance, showing the average relative abundance of each group; *** mean P<<0.001;** mean 0.001<ZP<<0.01;* mean 0.01<CP<<0.05.
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