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Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %
i H Ttems # & Content
JE Bl Ingredients
E K Corn 9.44
YR RS Beer slack 48.28
% ¥5 Pennisetum purpureum Schum 32.82
/NZ %k Wheat bran 3.98
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i H Items £ & Content
TtH Soybean meal 3.03
f1 ¥ Limestone 0.26
£k NaCl 0.37
B 445 CaHPO, 0.32
/N#54T NaHCO, 0.42
15245 Shell meal 0.90
TR K Premix" 0.18
41t Total 100.00
35K Nutrient levels”

RiffiE ME/(MI/kg) 16.26
FLEE BT CP 15.23
PRI £F 4E NDF 39.57
R MR 4T 4k ADF 27.98

1) &F 5w WIR A A Contained the following per kg of
premix; VE 3 000 IU, VD 150 000 IU, VA 500 000 IU, Cu
1.3 g,Fe 4.0 g,Mn 3.0 g,I 80 mg,Zn 6.0 g,Co 80 mg, Se
50 mg,

2) AU BE A THARLME, R 9 S . ME was a calcu-

lated value, while the others were measured values.

1.3 HstR
1.3.1 PRI R A B A A I

R HFE 4% 242 W I 3 48 (TR I T A% AR 35 346
RN A PR B SERHE SRR R A, 7 08.00—
09:00 F1 14:30—15.30 WIA] A Tic stk 4 4 3855
SR, F A = R E (AT, C) FAR XTHE
(RH, %) , [A]B@EFIA] A 30 min, {3 2% 2255 5 B 5 3
Y e B AH AT 5 A I K 2F AR B R —— B iR
JE (RT,C) & 3Kk B (BST,C) 1 I W 45 32
(RR,¥/min) , FELL I E], K AR SE PR,
TR R FH 2h 0 W R ARG T R A e 3R
Y T 1 L B 5 4 2 3 B SR FH 3 4 21 90 DN ik ASC A
I B Sk | A | 2e 3 AN ST G SF 24 9 BE AR
IRFEIRE § PR R R FHN T80 =X, g2 914l
S 2 min 132 3 3B 1 min (59 °F 2 {E 1E A 0
1.3.2 SRR LIRS F IR

TEIE RIS 4 8 2 3 d RAERMBAL IR
A e R A 2R | TR I S A S K AR ] AR A
TR IFE T Y R & & (DMI) 5] AR A2 (i
e T 65 CHET SRt 100 B, R # L5
Mg kP E T4 R (DM) B F B (CP) L

PG EF 4 (NDF) F1R P4 P i 47 45 ( ADF) & &,
SRR A KA TS 32 0 T AR
FEFA T WAL (%) = 100-100x (f7l K
R AN IR 53 05/ 258 R AN TS IR 43 5 it ) X
(FME ISR SR/ AR IZ RS
1.3.3 =i S b o I
G I 1A i SR B K B Sk K AR P g 6 AR
H¥= 055 78 B N & 3 8 R 7 45 H
50 mLWIFE {54 A ZhFL o o B A AT 2L 0
e, wiEFLIRR FLEA R ILEIEY & &%, If
WHE A%F IR OER ™ 5, Fi)a 1 FREND)
FEZ B4 30 mL, T4 20 mL A H T-20 T
FE IR BV B0 AE YR A BR A wl Al b K%
JIg o i L A B 5
4% FLIRR IEFL " i (kg/d) = 0.4%
P (kg/d) +0.15xFLIE R (%) x
P (kg/d) o
1.3.4 8 KWMESEE K B WS DNA 21
BRI 1 d RHT , A e 2R BE L
PR3 3k, 312 3k it E A AU B CR R &
i SR IR B, e AP B T oK &b R AT, TR Al
MISC56 % SR R BE 1IN pH ., X FH il 2 98 B
K TR AR AR B R AT A0 R A B Ab B 1) B 1T mL
REW, BB ESAE 1 mL 8.2% MR Y 2 mL &
O, T =20 TUKER MR, 2 I8 & Pk g 107 R
(VFA) & H;2) U4 mL g BER T LE T, %
ZHH 4 mL 0.2 mol/L 3R B .L & F, T
—-20 CUKFANIRAE, B ZA S A (NH,-N) 5 1i53)
HU10 mL 98 B W T3 0%, T-20 Tk N
FE 4 B & 1 (MCP) & & 54) B 15 mL
BT E.OE R, -20 CHAFE, T4 U DNA
98 5 VAR TR N R R H AU 3 R
(Aglient 7890B, 3£ [H ) il & ; 2 A& & & 5k AR
By — U R AN L vk s s R R A R R
FIZ% S sa vk e . B 1.0 mL R B, S
Wright %1 [ — G007 — 52 00 B 7 i 4R 90 1 T
A4 DNA ,DNA ¥ J¥ ] NanoDrop 2000 {3 43 6t
J#11 ( Thermo Scientific 2 H] ) M & , WG (OD)
HTE 1.8~2.0 ZHMXEXTFEDA A, H
16S rDNA ¥ 53 A9 H UAE Y 261k
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1.3.5 I A4k BU A AL R 6 il

ERI RS 1 d R R AR B Sk K A4 1WA
A FHEASR A M STE DK 20 mL i R A
Tl EAE (5 mL) H SR A AR A 5 7 BVl
i i ) s L S M e~ G (17 3 = Sl N
2 500 r/min 0> 15 min, WA ML . R I3 £ 2
JUUECH B B e AT AR [ B (TP) L H & H
(ALB) BRE#HH (GLB) A WNF &M (ALT) 4 5
R (AST) JRZE A (UN) 4 JH & # ( TCHO) |
% B (GLU) |, % Ak [ 588 4 e W B Ak il
(T-SOD) A Mt H Bk % 4k Py i ( GSH-Px ) 55 3 4
L AU (CAT) 36 7 DL K s bt S8 AL e 1 ( T-AOC) |
N (MDA) & it ] S R bR [ 5 2 (INS) |
N 1 70(HSP70) AERKIER (GH) A2 B
JZ %R (ACTH) M (B, )  — ML R IR IR R
(T,) JUMLHUR IR (T,) & & ], RS R
BT R & 1 R A ) TR T
1.3.6  7K4-98 B W UE W & PCR kil

SEF ¢ 6 E i PCR (qRT-PCR) JH T ' W ™
FHGE A | 4 T 0 i e i o il AN 2 oA B I
LightCycler® 480 7Yt it PCR 1%, 16S rRNA 5|
Pyt F T 7 B BE TR R A TR 19 7€ 1t 18S TRNA 514
XoF TR B sE . PCR ROWARF N 20 pL, £ 5
9.2 pL SYBR Green G , £ W Fl 1F 18] F1 52 1] 5|
Y4 1.0 pL(10 pmol/L) , LAZR/K 8.0 wL,DNA
0.8 wL, FrA5I#*HY PCR ¥4 3 40 45 40) 1 A8
Pk 10 min, %X J5 95 C 15 s [ 40 MEH,60 C 60 s
Bk, I H L PCR 3719 J5 , B3RP i A 4 4l B 5%
YIH) DNA #E17 10 5 & 5 5 B 7 A 4 1 it 4k
(95 C 10 5,60 T 60 s,40 P§F) , H Nanodrop

2000 f = 43 Y66 BE I 2 PCR F= 4 ik B, AR 4ig
PCR F= 9K B J JLAH N 9 DNA I B 115545 4
HERHE DUEI, 38 2 B (B0 24 ( Co) {85 b v il 2
I TR A A AR HIREA 1 5 DUEL
1.3.7 K49 B R ZRE PRI

%} DNA FEA 3547 16S rRNA JE I 5, 43 Hr
KA B RUEY Z R, )T 45 R ok A DI A F
(Majorbio, '), H Mothur £ F (1.31.2 filiA)
IRET o ZREER 16S TRNA JE K51 8085 L)
R BER AR = B A R, T HEAE S KT
(OTU) M 5 25 (ZETTRUE K ) 4341, B
ERIMFRRA 3 4 MOSO 4 H, B aifb )5 1Y 7 41
5 Silva 25 #E ( Release 128) #AT HXT, i FH 0.97
F4) T P B (ECHE 43 id B OTU b, 3 i i A A%
W% P2 H (RDP) 43 28 4 0 2 4> LA IRER
PERY OTU W25 53 e, ] Qiime 2 {4 (2017.
6.0 RUAS) X988 40 AT 0 25, R B (v2.3.2
TR ifi 2 SIALN
1.4 HERITSHH

R HE 2 Excel 2007 45 # 3 R Fi] SPSS
19.0 #4150 R R O 25 40 A B Y iR AT 0 3
Mr, 4 1R) 22 55 . 3% % R ] Duncan [R3E T 2 &
FLE, DL P<0.05 25 5 3 PE FIWi bR o, di 38
168 FHSE S48 +hR o 22 0K

2 % B

2.1 EAERERFNEPLAR T K 4 £ B IEFRA R
IR 2 AT, b 0 R 5 2 e Bl % oK A A

FEUR RN AT R A T B R (P>0.05) 55 1

ek, IV 4 B iR R 2 PR (P<0.05)

F2 AR PRE XS K 4 £ RIS AR R

Table 2 Effects of chromium nicotinate and cysteamine on physiological indexes of buffalo

WiH 205 Groups Pt

Items 1 I m v P-value
IRFEIRE BST/C 34.59+0.53 34.59+0.68 34.24+0.57 34.66+0.67 0.364
HIBiEE RT/T 38.22+0.15" 38.11+0.28" 38.12+0.20" 38.02+0.24" 0.045
IR 451 % RR/ ( YK/ min) 22.08+2.11 21.98+3.48 22.18+2.32 21.95+2.84 0.732

[T 8 R AR AN A 7B 7R 25 57 W 3 (P<0.05) |, AR T BB G T R RR 28 5 AN 35 (P>0.05) o R KT,

In the same row, values with different letter superscripts mean significant difference ( P<0.05) , while with the same letter or

no letter superscripts mean no significant difference ( P>0.05). The same as below.
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2.2 MHBEAMERBRNKERBERFEIRN

LRI
HFE3TH, T4 DML BEm T IHIHMNV
2 (P<0.05) ; VA HLEE A R R ML R B 25

T 1 4H(P<0.05) 5 #% 21 1] ik 4 9k 4% 4 4 22 LT 1k
FEBARRE(P>0.05) 5 IV ALHY M P52 4 32
SLH AR B 5 T 1 41(P<0.05)

R3 HRBMERENKGRIEBRFSRIE LR

Table 3 Effects of chromium niacin and cysteamine on feed intake and nutrient apparent digestibility of buffalo

SyE| 205 Groups J
Items 1 I m \Y P-value
¥R &5 DML/ (kg/d) 9.16+0.43" 9.89+0.88" 9.52+0.92"° 9.84+0.89° 0.048

F253 W IH L% Nutrient apparent digestibility/ %

ML A BT CP 67.76+4.00° 73.78+5.20™ 74.91+2.72% 77.67+3.42° 0.025
TR VE BRI 47 48 ADF 55.52+2.84 57.70+0.95 56.53+2.96 57.26+2.91 0.656
FrpE R 4T 4k NDF 62.03+2.44° 64.63+1.63™ 64.95+1.35" 66.81+1.58" 0.021

2.3 MRERSRANEREREXT k4 LM RE BO RS IR
HEA A, VAR =R Em T L4, 1
HMMA (P<0.05), HIMMAH B =@ i E e T 1
AT (P<0.05) ; I ZH A1 IV 4H 1 4% FLIE ¥ 1E
AreRES T LAMIIH(P<0.05) ; MAHKF

EAXREEST IHMNA(P<0.05), Hi 14
G S AFLIRHR TR 25 (P>0.05) ; A FLE
EIEY & R S T HABA (P<0.05) , Hdf T 4
A,

R4 MEABREEINPLRE XS K 4 A FL I BE RO RS 0T

Table 4 Effects of chromium niacin and cysteamine on lactation performance of buffalo

WiH 2H 5 Groups P
Items I I 1M \Y P-value
FEU T Milk yield/ (kg/d) 5.34+0.29° 5.46+0.22¢ 5.74+0.37° 5.98+0.33" <0.001
FL#E 12 Milk protein rate/ % 4.49+0.11° 4.79+0.07" 4.84+0.13° 4.73+0.10° <0.001
FLIEZE Milk fat rate/% 8.51+0.80 8.52+0.20 8.85+0.92 8.51+0.53 0.637
AL EIE Y , . , e
.57+0.87°¢ 420, .06£0.73" 17+0.41% 0.001

Milk total solid content/% 18.57+0.87 19.42+0.33 20.06+0.73 19.17+0.41 <
4% LN IE AL

oFUIRR LA it 8.06+0.49" 9.16+0.37" 9.06+0.63" 9.95+0.58° 0.047

4%FCM yield/ (kg/d)

2.4 MEERRANEMIE K FEE X BES BN

MES AT, TAMNAN RS & D ES
F 14 (P<0.05); I HRERFI S TR & =2 B %
T OH MAMNH(P<0.05) ;% H T R AL
RPN G EU KO/ NR . pH 25 A 5%
(P>0.05); | AMMAEDEASEREKT T4,
MLAHFIIV 4 (P<0.05) ; VAR GIR & & W5 & T
[ 21(P<0.05) ; T 4109 4% & PERR I R & =t 3%
R 4 M4V 41 ( P<0.05)

2.5 MAERSRANEPBEX Kk P K GEAE B
£H FX B %2 i

o6 nl g, I 4134 C12:0,C14:0,C18:2
[ -9, )2 —11( cis-9, trans-11) ] .C20:3n3 i & &
TN (P<0.05); I HAH Cl6:0 FTREFERT
WAHMIVH(P<0.05); 1 HF.H C20:0 FHEBFH
T4 (P<0.05) ; M4 FL h C24:1n9 & & 8 &
T WAV (P<0.05) 5 W4 3L 460 Fjg 15 1R
(SFA) SR FEHm T 1 4H(P<0.05),
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Table 5 Effects of chromium niacin and cysteamine on rumen fermentation parameters of buffalo

il 2[5! Groups P
Items 1 I m v P-value
pH 6.51+0.24 6.63+0.18 6.62+0.29 6.65+0.23 0.590
12 Acetate/ ( mmol/L) 7.87+1.42° 10.10+0.80" 10.23+1.20° 9.54+0.26" 0.044
N Propionate/( mmol/L) 4.34+1.14° 6.36+0.74" 5.95+0.66" 6.37+0.34" 0.037
T Butyrate/( mmol/L) 2.29+0.60 2.95+0.34 3.01+0.64 2.70+0.21 0.322
LR/ VR Acetate/propionate 1.83+0.16 1.60£0.19 1.73x0.23 1.50£0.12 0.211
5 TR Isobutyrate/ ( mmol/L) 0.20+0.06" 0.34+0.04" 0.31+0.03° 0.36x0.05" 0.011
5 MR Isovalerate/ ( mmol/L) 0.49+0.14 0.57+0.18 0.56+0.04 0.68+0.10 0.411
J A2 Pentanoate/ ( mmol/L) 0.37+0.11° 0.57£0.08" 0.55+0.11" 0.63+0.19" 0.041
B R VENG TR Total VFA/( mmol/L) 15.56+3.38" 20.90+1.83° 20.62+2.28" 20.30+0.59° 0.044
FH A% NH,-N/(mg/dL) 7.58+0.08 6.95+0.51 7.71x1.12 8.00+0.88 0.481
WY& H MCP/(mg/dL) 27.48+2.03" 35.07+2.93° 37.23+2.49° 37.81+2.89° 0.006

6 MEERHR AN BLRL XS K 4 2L A K SERE AR ER 28 A BU 2 1
Table 6 Effects of chromium niacin and cysteamine on long chain fatty acid composition in buffalo milk wg/mL
Wi | 2H %] Groups Pl
Items I I m \% P-value
C6:0 1.04+0.33 0.92+0.24 0.83+0.07 0.90+0.04 0.727
C8:0 9.38+2.99 7.95+2.49 7.19+2.26 6.56+2.18 0.425
C10:0 89.12+22.36 84.98+38.55 77.20+25.58 69.59+24.00 0.696
C11:0 4.37+1.34 3.97+0.81 3.56+0.81 3.78+0.16 0.690
C12:0 249.31+20.50" 215.23+55.78" 202.41+33.25% 174.41+38.23° 0.037
C13:0 30.71+£8.69 28.25+5.78 28.21+3.33 32.05+£8.90 0.586
C14:1n5 42.97+12.22 38.19+12.04 46.01+£28.25 25.71+£6.77 0.266
C14:0 1 630.86+340.22° 1 337.25+433.84° 1 322.27+132.27" 1 144.49+313.29° 0.046
C15:1n5 0.26+0.05 0.21+0.14 0.17+0.08 0.26+0.11 0.763
C15:0 139.42+25.57 125.66+24.20 117.66+29.65 122.04+31.76 0.612
C16:1n7 158.43+55.86 130.18+32.47 137.66+53.07 96.49+27.47 0.206
C16:0 9 381.50+1549.13" 9 324.91+476.25" 7 529.65+633.56° 7 602.33x1 177.71"  0.049
Cl17:1n7 24.61+3.28 26.72+12.20 21.65+3.01 21.13+2.44 0.573
C17:0 92.94+37.38 75.69+£27.67 68.26x17.20 72.30+£11.09 0.491
C18:3n6 3.26+1.07 4.61+£2.23 3.57+1.07 3.74x1.15 0.546
C18:3n3 8.52+2.92 7.56%0.44 7.99+£2.63 7.69+0.67 0.798
C18:2n6¢ 104.70+£40.65 99.30+£27.58 88.18+18.60 103.04+32.22 0.920
C18:1n9¢ 9 382.70+1 601.55 8 883.20+4 086.45 8 668.03+2 097.29 7 838.18+1 576.52 0.552
C18:1n9¢ 1 569.12+£403.48 1 375.39+£237.18 1 179.99+491.82 989.10+408.85 0.088
C18:0 6 997.11+1 607.80 5 478.38+2 697.33 5 422.03+2 298.43 5 716.21+1 318.55 0.586
C18:2 (cis-9,trans-11) 232.91+79.80° 203.84£58.41% 183.67+61.28" 115.45+19.05" 0.013
C18:2 (trans-10,cis-12) 7.79+2.53 7.11+3.38 5.84+1.97 4.91+1.31 0.236
C19:0 18.71+7.32 13.78+£5.19 13.52+5.61 14.66+4.31 0.514
C20:4n6( ARA) 25.38+8.96 23.30£9.10 20.10+4.65 21.98+6.19 0.561
C20:5n3( EPA) 6.59+3.00 5.07+2.55 4.53+1.84 5.10+0.66 0.554
C20:3n6 45.59+£9.10 40.16x11.08 42.00+£11.58 41.40+9.30 0.552
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Wi | 2151 Groups P
Items I i m I\ P-value
C20:1 45.88+17.30 36.22+6.61 34.03£15.40 33.61£13.06 0.371
C20:3n3 29.26+13.84° 19.03+0.86™ 20.09+4.10* 14.16+3.33" 0.046
C20:0 132.18+43.50" 89.33£24.13" 88.01+31.55" 95.26£20.85™ 0.049
C21:0 10.56+4.17 7.81£2.75 7.96£2.91 7.87+2.37 0.377
C22:6n3( DHA) 3.88+1.15 3.68+2.16 2.61+0.86 3.29+0.87 0.591
C22:1n9 6.83+2.82 9.94%0.79 6.18+2.20 9.31%4.50 0.326
€22:0 29.56£4.76 19.98+1.78 25.44+7.81 24.27+5.80 0.124
C23:0 22.66£8.39 16.57+5.63 15.72+4.02 17.76+4.03 0.325
C24:1n9 11.16+1.30® 12.96+2.81" 9.25+0.45" 13.19+0.89* 0.046
C24:0 20.38+1.43 23.88+3.88 23.50£3.48 21.06£1.50 0.336
SFA 18 838.23+3 389.96° 16 020.76+616.03" 13 423.10+1 686.25" 14 538.21%2 778.43™  0.047
UFA 11 742.12+1 910.97 11 004.78+4 366.46 11 435.15+1 911.89 8 837.30+2 098.44 0.370
SFA/UFA 1.63+0.37 1.51+0.36 1.41+0.20 1.65+0.21 0.641

cis Wi ; trans : JZ ; ARA ;£ U5 B2 arachidonic acid; EPA: -+ Bk T4 R eicosapentaenoic acid; DHA : —-+ B /S i R
docosahexaenoic acid; SFA ;1 FIJJE 2 saturated fatty acid; UFA . AN{EAIEITAR unsaturated fatty acid,

2.6 MEERBFEBBENKFmMBFRELMNBE
EiLa: oAl

i 2% 7 AT, A5 A () I i A AR Ak S L R AR
AR5 ATt RN 2 T O A S L W il 0 M 25 RN B
FE(P>0.05); [AmMEN _BEERESTI4
AV (P<0.05) 5 T 40 13 S Pt E AL RE J1 e & K

FIVAL(P<0.05) , 541 0H i g 2 A2 H LR
B BT O AR R e R AN R 1 70
HERARFE(P>0.05); [HMFEERKMESE
BEMT THMINL (P<0.05) ; 12 ifn 75 e — it
SREEFESTIHAMIH(P<0.05); VAL =
BRI IR R i i T 1 41(P<0.05)

R7 FEBERANERENKFDFEREAMEEERNZN
Table 7 Effects of cysteamine and chromium nicotinate on serum antioxidant and hormone indexes of buffalo

WA 2% Groups J

Items I I m \Y P-value
S E LAl CAT/(U/mL) 4.41%2.18 3.98+0.80 3.80+1.50 2.16+0.53 0.187
Mo A A kB T-SOD/ (U/mL) 92.98+6.42 94.76+4.47 84.15+7.71 89.31+8.56 0.134
M % MDA/ (nmol/mL) 23.72+4.71° 18.24+2.36" 18.85+3.87™ 17.65+3.32° 0.048
A3 IO H kst 48 A Py

GSH-Px/( U/mL) 51.73+9.71 53.14%+9.21 57.48+5.53 62.85+11.18 0.352
HyiEfbiE S T-AOC/ (ng/mL) 6.70+0.35" 7.21+0.92% 7.05+0.39% 7.63+0.34" 0.049
R E GH/ (ng/mL) 2.53+0.57" 3.56+0.27° 3.27+0.70" 3.52+0.93° 0.048
%% INS/(mIU/L) 2.73+0.52 3.01+0.70 2.89+0.31 2.98+0.59 0.888
{25 IR Fz i % ACTH/ (pg/mL) 7.32+0.88 6.14=0.58 7.65£2.15 7.03%1.27 0.409
PN 11 70 HSP70/( pg/mL) 25.28+6.99 24.59+3.02 22.86+5.55 26.00+6.46 0.916
M E,/ (pg/mL) 8.08+0.69" 8.16+0.80" 9.49+0.81° 9.24+1.09" 0.048
SRR R Z R T,/ (ng/mL) 1.07+0.19° 1.15£0.19% 1.17+0.14% 1.40£0.07° 0.049
Pl B PR R R R T,/ (ng/mL) 39.22+6.55 34.27+6.76 33.19+1.83 36.50+6.98 0.462
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2.7 HEEREE AN B AR ST K 4 M E L IR ARAI I
HI 8 AT, & A A s S L A K
HE IREE B A AR LA AR N R

Ry

PE2E BN 2 (P>0.05) 5 410 i 4 25 4%

ENARY
G TER 1 418 25 (P<0.05)

ity
fity

F 8 AELIE AN B AR K 4 M E A& AL IR AR 0

Table 8 Effects of chromium nicotinate and cysteamine on serum biochemical indexes of buffalo

Wi H 215 Groups Pl
Items I m \% P-value
BEH TP/(g/L) 80.32+7.40 76.36+6.78 77.68+8.97 79.55+8.28 0.858
H#H ALB/(g/L) 37.86+4.31 36.70+3.57 37.78+1.84 37.73+1.35 0.926
ER#EH GLB/(g/L) 42.46+6.34 39.66+3.38 39.90+7.58 41.83+7.51 0.872
HKNEANE ALT/(U/L) 61.40+8.44 70.40+6.77 61.40+14.64 66.75+8.58 0.451
K AST/(U/L) 166.50+11.45" 180.67+20.21°  202.50+2.12° 178.67£5.03" 0.043
JRE A UN/(mmol/L) 13.20+1.08 13.89+2.37 15.71+1.28 14.79+1.66 0.189
S HE B TCHO/ ( mmol/L) 2.67+0.32 2.75%£0.55 3.05£0.07 2.75x0.34 0.617
% B GLU/ (mmol/L) 3.86x0.32 3.89+0.20 3.83+£0.17 4.03+£0.22 0.641

2.8 MBERSEMEMENKFEERBEDHEN
=1

I3 O AL, A0 G5] KA 1R % R B i XF 8 9

Jit R T S (P>0.05) ; | 419 ' W A0
B BN T HABL (P<0.05) 5 11 4098 5 i =
ot b B i 35 R T A4 (P<0.05)

x9 IRBERHEINEMENKFEERMEVHEENF M

Table 9 Effects of chromium nicotinate and cysteamine on microbial number in rumen fluid of buffalo

WiH 415 Groups Pt
Items I I m v P-value
JFLHL Protozoa/ ( x10° 4% D1 %{/mL) 2.55+0.33° 5.70+0.55" 2.91+0.71™ 3.93+0.51° 0.001
#MTA Bacteria/ (x10° #£ D1 %%/mL) 1.33+0.35° 2.79+0.66" 2.71+0.50* 2.19+0.11° 0.029
7= H 45 B Methanogen/ ( x10° 2 D1 /mL) 1.82+0.68" 2.79+0.22° 1.52+0.16" 1.26+0.16" 0.042

29 MEBEMERBESKFEERMEY
EZ=2 30
2.9.1 KUK B WA Venn K]

R A0 B V% v G 2 R A B 40 1 =F X A%
K A9 H A ) Z A AT o b, IRl 2 B
1 86.73% AHMMEKSE T, 12 Hok 4= 198 B 3L
2755 NO0TU, i TéH D MA. VAR
OTU %t H 73 %124 2 3381 930.2 110 F1 1 907 4,
S HMA R OTU £ H 405115 OTU &84 9.33% |
1.92% 3.38%F12.00%, 5 1 HAHL, T4 M4
FIVZHEY OTU % H FEAE
2.9.2 KA KATE H W R AT TKF LA 4 R
(EROESYE S

I O 7 I < T T = 2 N B 1 D I S A
T 0.01 AP FR I R Al Q& 3 FraR , ASHE 5T R

BHWE R F 28 T 10 W] AT % 1] ( Bacte-
roidetes) JEBERE ] ( Firmicutes) 28 2 5 [ ] ( Pro-
teobacteria) . # 7 I# [ ] ( Cyanobacteria) ., #2 g {4 ']
( Spirochaetes ) . Kiritimatiellaeota . il £& B '] ( Acti-
nobacteria) i EKJE 71 ( Lentisphaerae ) | FCRE 7
[T ( Tenericutes ) . Patescibacteria, 4% 2H M0 1]
VIR JRRERE T TS IE ], X 3 T h
SN LB 90% Zi Ay o AR 4 2 8] T R F 5 R
FEE 225 Forb T 20 0 T2 000 08 1 09 4 0 =
BOUAA T8, R R AR X E R AR T 4
R
2.9.3 K UKA9E E W EREE ST 8 (PCA)
PCA & (&l 4) H, G0l Ak gl o0 il 48 36 35 A
43 1(PC1) F1FE 4 2( PC2) ,PC1 PC2 fCEFEA
HH PR R A RS B BE L2 [ Z . PCL L PC2



5768 o ¥ B F

% i 324

SR N A BRI 2 A B K 25 SRR, STRREE 430
K 24.78% 1 16.34% , 1 PCA K | ik5 4 ( 1 .
ANV AL ) S ER R EAE BRI A T O, WAV 4
S5 U ) 25 BB AR X A8 1 B L P A R A
— B AR L F AT DL I R TR B A bR e
XK 4958 B TR L AT — R S

BY2 BY3

BY4 BY1

257

A
2338

2338
0 >

BY4 BY2 BY3 BY1

BY1: I 4;BY2: I 4H; BY3. Il 4; BY4. IV 4.,
4,
BY1l: group I; BY2: group II; BY3: group III;
BY4: group IV. The same as Fig.4
2 JBEAKFEEREE Venn E
Fig.2 Venn diagram of bacterial flora in rumen fluid of

buffalo in different groups

2.9.4 KAKAFEEWER o ZFMTEE

mEO WA, VAMBERES 1 A ER
W (P<0.05) ;R (T M AMIVAL) i F A
FH, o7 5 % 48 5. Chao 48 %k . ACE 45 £ #l Sobs
FRECS XA (T A) ML EFH AR E (P>
0.05) .

RIS

3.1 MRS N B AR 3k 4 AR B AR AR B
2RI — B 5 W Wb 2L W5 40 A 7 P g

AR DR 2, S 7 R B B R S AT A

R R 2 R B R 8RB BE T B, e 2 T AR AN

T QR Y I g o - SR S L o o1 B R o 2. AR

PRI Ay 0 A 1 92 A B s iR S R A, BT LA Bl

AL DL N AT Tt RN SOk B PN BR 5 R
FERy P b n] 5| % L Rk B H A
58 VA R L R T v DR R R | g
Z AT | MLV R i O P A AN pH AR | ARLRE R SR A
T 20 A i A A R SRR | AR B B RE A2 1 AN
SRIBTIREZ AR AR R T 5L ALK 4 £ 18
A SR A AEE R S Wy K 2R AR A 56 ) BT Ak B R
A5, AR 56 1 4= 4 N BCCClp #47E 37 VU |, K4
JIT Kb 8 A A5 A Sy B B R o B L R, TR, B
B IR 75 LA T ST Sl 4 Ak B R A= 7 M BRI
S ok M A

% AT LA 3 sk A AT L U K % i v L v 1 B
Xt s LA B 52 ma > e 4 A R R R B 2
Rl 2 TR 2 AS om0 5 1% 3 W 2 4R R L i
T F AR ARG 2 I e A A R 8 Bk 41
(V) KAEEIHEER XA (1 4H) B ERFK,
FHI = B H BE 98 22 M UK 4 #RON . Mousavi
PR AR - A R AN A I TE R H
VR BE AT A, B AN, Kumar %52 % &b A 6
BILAR X A7 I K A e 2 1 A 3 0L 2 | L W i R R
WP W AT S B A 3 52, A Bl b ] 0 R
BRI e Jre T K A R SRR FE | M TR R P W A
BB PR R E W, ST A A R 3
32 WHEREFAMEMBRMNKERBRERFTSRU
H R

PN M FECR SR A E o RIH L
R AR AR R R T R T BRI
BT R e B AR AR AR TS A
N0 T A A A 3 AR Y 2R WAL T 1
25~26 CHARIREE T RERIFMHE TR, 7E 30 C
R REAS P AE 40 THE R 25 40% ™ 38>
AR A R B R KRR IR I
AR B, B o] fig i B OfE & L F
(NEB) ™" SN 7 1 o 33 — ] B0, AH SE 0P 9T % 0
AMEVEE AT L T #R 0 EBh W i AR A =, AT
AR PERE T ARYE Lai 2 OBFST , 44 N
WA M 3.6 7.2 F110.8 mg/ (d - k) %] L3
JE DMI, Kargar 2512 % B, 4 ] 8 1] o 36 755 36
B BT i 7 HH A2 A 1% )RR B A R AR K R
FEAT Hr 35 8 A B 5 R ORD W 0% S e R S
0.05 mg/kgh#% , iR 56 4% 5 ik DMI FISF- 2 H 34 &
Iy BIR T T 11.85% 1 7.07% , % ] 18 1 i 5 37
MR AT A oA Bl A i RE T (A A AR AT 48



B

12 14 G 2 x5 T F AN DRI AR B XS K A A FLPE E DAY RE R B RS B 5769

W KA MAE A T 120 d 4R 4B 3R (FCR) |
H % 5 il DMI A W8 5 m >0 2 b e m] 7 4
AR (SS) e A 1< 42 & il pHis 1k
BB TSR AR 2 e e 7 o 3 0 2L 4 A A
F B B e 4T 05 4 () DM JE i 3 5% 8, Be-
song 55 TR IT KB, 1E = R AR S s x4

DMI JE & % 50, Chang 55" WL 5] | 4 45 i i
358 K A A ) DR N oA T B A )RR S, DMIT 38 1
ARG K PR, PO I 2 S i L R [R) Bk D 2 fbe
i 5 1R R % 14 i S 2 4R 1R /K ZF Y DML, T Bk b
o) A T % o 7K 28 ) DM %A 8 35 52 00

mm P Bacteroidetes
Bl I i%%l‘] Firmicutes
BN T E ] Proteobacteria
S L‘E‘Tﬁ%ﬂ Cyanobacteria
B3 I ™ SRk T] Spirochaetes
» Kiritimatiellaeota
¢ B4 N JHEW ] Actinobacteria
g o ZRERIZ ] Lentisphaerae
= B5 R wm iZEETET] Tenericutes
S B6 | S cibacteria
& B A Others
de BT I
N ]
i B8 Jll
3

B9
B10

B11
B12

MXtFEE Relative abundance

B1.B2.B3 iy I 441y 3 MHEA<; B4 B5.B6 S T4 3 A4 ; B7 B8 B N M4L#Y 3 M4 ;B10,B11,B12 HIVAH K

3AMFEA. Ba,

B1, B2 and B3 were 3 samples in group I ; B4, B5 and B6 were 3 samples in group I ; B7, B8 and B9 were 3 samples

in group Il ; B10, B11 and B12 were 3 samples in group IV. The same as Fig.4.
B3 [TkFLEEREHAYFEE

Fig.3 Relative abundance of bacterial flora in rumen fluid on phylum level

-BY1
-BY2
= sBY3
xX +BY4
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4 FAKFEERER PCA
Fig.4 PCA diagram of bacterial flora in rumen fluid of
buffalo in different groups
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IESURERIR A U NN C R S i3 9] KPS =
Yo B B A SRR A T SR AR BT R
B, AR e Jiie F0 1 B B SR (YC) Ja 5 2
2B 1 o MOHL R 1 AR T 1R R AT B I 4R
i AT P [ IR A R 55 A DG I RE T A
B v A (YRR P 5N AP P 0 4% 2T 24 2 LT 1k
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Table 10 Effects of chromium nicotinate and cysteamine on a diversity indexes of bacterial

flora in rumen fluid of buffalo

i H 2H %] Groups P

Items 1 I m \Y P-value
ACE #8%( ACE index 2 002.49+66.00 1 627.25+270.82 1 752.24+309.41 1 726.02+132.25 0.253
Chao 8% Chao index 2 079.34+227.60 1 652.85+227.60 1 867.73+312.57 1 772.61+161.17 0.172
¥ Coverage 0.988+0.001° 0.988+0.001* 0.988+0.001" 0.990+0.001* 0.042
FARFEEL Shannon index 5.59+0.12 5.16+0.39 5.40+0.29 5.21+0.23 0.283
SEL 454K Simpson index 0.013£0.001 0.020+0.009 0.014:£0.004 0.019£0.006 0.390
Sobs #5841 Sobs index 1 604.33+89.57 1 280.67+233.55 1 438.00£277.65 1 355.00+140.42 0.298
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Effects of Supplemental Feeding of Cysteamine and Chromium Nicotinate on
Lactation Performance, Antioxidant Performance, Rumen Fermentation
Parameters and Microbial Diversity of Buffalo in Summer

ZHANG Huihui'? LI Mengwei' TANG Zhenhua' LIANG Xin' PENG Lijuan'
PENG Kaiping' WANG Xinfeng®® YANG Chengjian'”
(1. Key Laboratory of Buffalo Genetics, Breeding and Reproduction Technology, Ministry of Agriculture and Rural Affairs
( Guangxi) , Guangxi Buffalo Research Institute, Chinese Academy of Agricultural Sciences, Nanning 530001,
China; 2. College of Animal Science and Technology, Shihezi University, Shihezi 832000, China)

Abstract: The purpose of this experiment was to study the effects of supplemental feeding of cysteamine and
chromium nicotinate lactation performance, antioxidant performance, rumen fermentation parameters and mi-
crobial diversity of buffalo in summer. A single-factor randomized block design was used in this experiment.
Twenty healthy Nile-Rafi milk buffaloes with similar body weight [ (615+21) kg], parity (3 to 5 parities)
and milk yield (5 to 6 kg/d) were selected and divided into 4 groups (groups I, II , Il and IV) with 5 buf-
faloes in each group. Group [ was the control group, and buffaloes in the group I were fed a basal diet.
Groups Il , Il and IV were test groups, and buffaloes in the groups Il , Il and IV were fed the basal diet+
22.5 g/(d - head) cysteamine, the basal diet+24 mg/(d - head) chromium ( chromium nicotinate form, the
same below) and the basic diet+22.5 g/(d - head) cysteamine+24 mg/(d - head) chromium, respectively.
The experiment was carried from June to August of 2019. The pre-feeding period was 1 week and the test peri-
od was 4 weeks. The results showed as follows: 1) supplemental feeding of chromium nicotinate and cysteam-
ine had no significant effects on the surface temperature and respiratory rate of buffalo ( P>0.05). Compared
with group I , the rectal temperature of group IV decreased significantly ( P<0.05). 2) The dry matter intake
of group I was significantly lower than that of groups I and IV (P<0.05). The apparent digestibility of
crude protein and neutral detergent fiber of group IV was significantly higher than that of group I (P<0.05).
3) The milk yield of group IV was significantly higher than that of groups I , II and Il ( P<0.05). The yield
of 4% fat corrected milk (FCM) of groups Il and IV was significantly higher than that of groups I and Il
(P<0.05). The milk protein rate of group I was significantly higher than that of groups I and IV (P<
0.05) . The milk total solid content of group Il was significantly higher than that of other groups ( P<0.05).
4) The content of acetate in rumen fluid of groups II and I was significantly higher than that of group I
(P<0.05). The contents of propionate, isobutyrate, total volatile fatty acids and microbial protein in rumen
fluid of groups Il , Il and IV was significantly higher than that of group 1 (P<0.05). The differences of bu-
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tyrate content, acetate/propionate, ammonia nitrogen content, pH and isovalerate content in each group were
not significant ( P>0.05). 5) The contents of C12:0, C14:0, C16:0, C18:2 (cis-9, trans-11) , and C20:3n3
in the milk of group IV were significantly lower than those of group I (P<0.05) ; the content of C16:0 in the
milk of groups Il and IV was significantly lower than that of group I (P<0.05). 6) There were no signifi-
cant differences in serum catalase, total superoxide dismutase and glutathione peroxidase activities among
groups ( P>0.05) ; the content of serum malondialdehyde of groups II and IV was significantly lower than that
of group I (P<0.05), and the serum total antioxidant capacity was significantly lower than that of group IV
(P<0.05). The content of serum growth hormone of groups II and IV was significantly higher than that of
group I (P<0.05) ; the content of serum estradiol of group Il was significantly higher than that of groups I
and II (P<0.05). The content of serum thyroxine of group IV was significantly higher than that of group I
(P<0.05) ; the activity of serum aspartate aminotransferase of group Il was significantly higher than that of
group I (P<0.05). 7) Supplemental feeding of chromium nicotinate and cysteamine could significantly in-
crease the number of bacteria in rumen fluid ( P<0.05) ; the number of methanogen in rumen fluid of group II
was significantly higher than that of group I (P<0.05). The relative abundance of Bacteroidetes in rumen flu-
id of groups II and Il was higher than that in group 1 , while the relative abundance of Firmicutes was lower
than that in group I . In summary, the simultaneous feeding of cysteamine and chromium nicotinate in summer
can increase the dry matter intake of buffaloes, and improve the apparent digestibility of nutrients, lactation
performance, rumen fermentation parameters and microbial composition, and thus alleviate the adverse effects
of heat stress on the body of buffaloes.[ Chinese Journal of Animal Nutrition, 2020, 32(12) :5760-5777 ]
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