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Effects of rumen-protected y-aminobutyric acid on production perform-

ance, apparent nutrient digestibility, and fecal microbiota structure of
heat-stressed dairy cows
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Affairs, Shanghai 201103, China; 3.College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China)

Abstract:  To investigate the effects of adding
475 B #:2025-01-20

EEWB : L4 2% O B 570150 8 1 R BF 5T 5 48 s H 3 H
(PR (2022) 55 2-1 5 )5 Bl Wi RbeA iR Z2 R 2

rumen-protected y-aminobutyric acid to the diet of dairy

cows on the production performance, apparent digestibility

2021 4F B RN B0 B A B R B W R W H of nutrients, and fecal microbiota structure of heat-stressed
(21QB1400300) dairy cows, this study selected ten multiparous Holstein
PEB T RARAM(1990-) , 5 AL e KA 5+ | 32 2 A= 1) B dairy cows at Shanghai Xinghuo No.2 Dairy Farm from July
KTAE. (E-mail) 1253799450@ qq.com to August 2022. The cows were equally divided into a con-

BIRAEH ST, (E-mail) suyanjing® brightdairy.com trol group and an experimental group based on milk yield
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and lactation days. Cows in the control group were fed the conventional diet of the farm, while those in the experimental
group were fed the conventional diet supplemented with 5 g/d per head of rumen-protected y-aminobutyric acid, with a total
experimental period of 48 days. The results showed that compared with the control group, the experimental group demonstra-
ted a tendency toward increased dry matter intake and apparent digestibility of neutral detergent fiber and acid detergent fi-
ber (0.05<P<0. 10). The milk yield of cows in the experimental group was significantly increased (P<0.05), and the
milk urea nitrogen content tended to decrease (0.05<P<0. 10). The richness of fecal microorganisms in the experimental
group did not change significantly (P>0.05), but the diversity was significantly increased (P<0.05). At the phylum lev-
el, the relative abundances of Bacteroidetes, Euryarchaeota, and Halobacterota were significantly increased (P<0.05),

while the relative abundance of Cyanobacteria was significantly decreased ( P<0.05). At the genus level, the relative abun-

dance of Christensenellaceae_R-7_group was significantly increased (P<0.05) ; the relative abundances of Rikenellaceae_

RC9_gut_group and Bifidobacterium tended to increase (0.05<P<0. 10) ; and the relative abundance of Treponema tended
to decrease (0.05<P<0.10). It can be concluded that adding an appropriate amount of rumen-protected y-aminobutyric

acid to the diet of dairy cows is beneficial for enhancing milk yield of heat-stressed dairy cows and improving the intestinal

microbial community structure.
Key words:

microbial diversity
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Fig.1 The temperature-humidity index ( 7HI) in the barn throughout the experimental period
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Table 1 Composition and nutritional levels of the conventional diet

TR i F IR i
HIEK(%) 21.27 WFLIERE( M)/ kg) 7.33
HAETH (%) 9.15 LA (%) 17.02
MeHE R (%) 4.58 KRS (%) 4.52
EK(%) 18.13 rpPE BRI ET 4 (%) 26.64
FEREK(%) 9.15 TRV ET 4 (%) 14.34
THI(%) 10.15 55( %) 0.81
ML R (%) 0.38 (%) 0.42
MUESEHR (% ) 5.87
FITEHI(%) 2.76
ML (9% ) 13.73
f?;jﬂ)] 12 fig 105 #3 0.55
HE T RES (% ) 0.78
A (%) 0.49
BRFR B (%) 0.43
BERR 45 (%) 0.43
TR %) 2.15

WFLAREMRR L NRC(2001) $—HEA I iE TR AR bR Sl (8,

122 ERMREIBLE 530 TFIREH R
WSR3 d AR 14,00 31 ERAEL 200 ¢ FE(EAE
i BRSO B AR S o B 2 0, 1 AR I 10% 11 it
iz 10 mL 17 [, PR (CP) B RS
HBIE 75 1 O GEE T 10 mL KEEOE WA
BURIAE  H TR S AW . S BBCmR oK 43
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WRHEA B R ) JEEUSAEY) DNA, #18 PCR
PHFRFXT 16S rRNA FER B V3 ~ V4 X114 4
(5194 341 F.5'-CCTACGGGNGGCWGCAG-3'
1806 R:5'-GGACTACHVGGGTATCTAAT-3") . fdi ]
2% FENEREEE RS T 4, IR H AxyPrep DNA 27
&l Axygen WA (BT A FR 2 &) 7= i ] 54746
1k, B JG 7 StepOnePlus™ RT-PCR £ 4t ( 3 [ Life
Technologies 23w 7™ ) F#f7TE &, #Haifbf5 4"
iﬁ&ﬁﬁ?%i(ﬁs%,ﬁkﬁﬁ Mumina & FF /& S
DUFP . i FASTP #1045 3R 45 i I 4 B0 kA7 0
U P S BRI, 54T UPARSE 33E " 7E 97% 4
U T XHRAE /258000 (OTU ) #EA T B2 b A b
TR, R QIIME 2 {4t 2 M RE 5 o v 4 M b 47
o ZAEIEM B AR
1.3 SitoHn

KA IBM SPSS 25.0 G2 it 44 1% GLM-ANCOVA
BEHOHR IR B G 47 U3 7 22 43, He b e wir 85oais
VERPVS . SR Wilcoxon 7k FIKS 36 347 1 2E 9

YIFRA G 3 B S FR AR 0 25 5 AT . 34 Chaol 38
HUF1 Shannon T8 ECTAGZEEFE i th AE D REE 1Y o
ZFEVE iz 2 T A 7 A 45 3 B 25 ( Bray-Curtis ) 1)
FAARIIT (PCoA ) 55 270 J5 26 43 M7 ( Adonis ) 1T
i B ZHREE, G5 RIS IE R 22 RR, 557
B E IR RR T P<0. 05, 44 T b 35 10 ) W s o
0.05<P<0. 10,
2 RS0
2.1 TEE GABA AN HMFRBENERY
RN RN

ke 2 fros, BBEEETS, H ARSI RP-
GABA A= U4 TW R B A (0.05< P<
0. 10) 3 Hrk Pk 1% 2T 4 T R 1 o 4k 2F 4 3 00 71 b %
WA BN #34 (0.05< P<0.10) , T 5 M E A
YR E SN S SalEs R e MW ORTE 2y e
(P>0.10),
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Table 2 Effects of rumen-protected y-aminobutyric acid on feed intake and apparent digestibility of nutrients in heat-stressed dairy cows

Eisn Xit HR R | P22 it PAH
THBCREH (kg/d) 22.55 23.59 0.74 THFCRE# 0.072
TH BT RWIAEA (%) 81.03 83.58 1.11 T B RWE L 0.280
HLEE A RWIAE LA (%) 80.42 83.11 1.23 HLEE 1 RIE LR 0.307
PR PR AT AR (%) 65.63 72.32 1.99 GRNERV R SR S UNCE (e 0.075
PR BRI LT AE R ITHE LA (%) 64.14 70.85 1.92 PR DR TR A e T AL 0.077
IR RITEAR (% ) 69.96 74.25 1.42 RSy F I AL % 0.141

2.2 TfEE GABA XK HMF =HEFEK 5
s

W 3 iz, ST RRALAH L 3R g0 2 0 4 7= 1 o
W EHE R (P<0.05) ik A IR R AT BEA KL
H#(0.05<P<0.10) , HARFE IR 50 41 5% 21 22
AT (P>0.05)
2.3 IEE GABA XN A S E B A
=21
23.1 MFpHSFEA OTU 54 AP RI0LG)T
111 230 17855, % REZH AR A I G 2 A A 17 149 B
FEBIA3 519599 8264% 607 10045, M3 LL 4351
98.39% 97. 87% (% 4) FEATFINE I S A5 5

SEOMHTELR AL IR AL 7E 97% AR RRIE T
REGHT, AT R KA OTU 592 4, il g 45 A
OTU 612 4>, 4147 866 1~ OTU(& 2)

232 EEEX o SHME RES A RS
K4 2 [B] Chaol $5EUTC & 25 5% (P>0.05) ,{Hik
B52H Shannon 8 %0 . & 84 0 (P<0.05) , B BH &
RP-GABA AR BUE N A 25 A 0 3 B
(R AT G P i 2R

233 REHEPL SHM WK 3 PR, AR
EI R SS A H AP e B 225 (RP=0.202,P =
0.036) , Hr % 1 Ao A 2 3 55343 i) e fif e
A 22 509 31. 51% 1 24. 30% .,
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Table 3 Effects of rumen-protected y-aminobutyric acid on milk yield and milk composition in heat-stressed dairy cows

izt it HE 21 R4 PRt izt Pa
FE i (kg/d) 47.84 49.86 1.05 P 0.032
3.5%FLIRH IEFL 7 B (kg/d) 47.94 47.31 1.12 3.5%FLIRH IEFL " & 0.382
RET IEFL ™ 5 (ke/d) 48.39 48.57 1.19 RE AT 7L 0.319
FLIE= 5 (kg/d) 1.73 1.65 0.10 FLIR " 0.301
HAE AR (ke/d) 1.44 1.51 0.10 AE A= 0.227
FLBEF R (ke/d) 2.56 2.55 0.25 FUE 0.911
ST A i (kg/d) 6.08 5.99 0.45 S AR 0.685
IR (%) 3.65 3.32 0.38 AR 0.483
AEAE(%) 3.02 3.03 0.16 Bl S 0.654
FMER (%) 5.35 5.11 0.18 FLBER 0.495
REEER (%) 12.78 12.05 0.73 ST 0.391
JREA T (mg/dL) 14.53 14.16 1.78 FRERSH 0.076
®4 MFEIEMNOTU 57 0.40
Table 4 Sequencing data and OTU distribution R=0202 P=0.036
e %ﬂﬁgﬂ ?ﬁélfﬂ/?gﬁu {ﬁﬂﬁl(ﬂ;fg He il OT(U /f&)zﬁ g 020l K3
X HE 21 609 844 599 826 98.39 1 458 % o o
R 620 334 607 100 97.87 1478 gj o L CK-2
OTU . BT, & As *CK-5
S-3 ' g1 CK-1
% B el ks
02050 2025 0 0.25
F1ERT(31.51%)
o XA, A BG4
592 866 612 B3 SEE y-RET B BEMEDRINE PCoA ST

2 OTUZHFREHE
Fig.2 Venn diagram of OTU distribution

x5 SEE y-SETHRUAMEDFEERE o SHEAFI
Table 5 Effects of rumen-protected y-aminobutyric acid on the a-

diversity of fecal microbial communities in heat-stressed

dairy cows
£zt XHR Rgmd bREE PME
Chaol $8%X 1752.90 1 808.56 76.15 0.303
Shannon F8 4% 7.13 7.40 0.14 0.015

Fig.3 PCoA analysis of the effects of rumen-protected y-ami-

nobutyric acid on intestinal microorganisms

2.3.4 EARPLADRR XTTAKFARXS 32 EEHT 10
LA AT 22 5 00 B 25 RN 6 s, 1K
FRAE BE B ] ( Firmicutes ) 5 L FT B [] ( Bacte-
roidetes) 4 F R H T, o5 LI 85. 00%, {560 2H L)
FFEE 1] ( Bacteroidetes ) 4l & . )7 15 & 1] ( Euryarchae-
ota) ATA ERAT T ] ( Halobacterota ) 4H B At AH X} 3
BT IR I N (P<0. 05) , iU 1] ( Actinobac-
teriota ) 4N B H 41 | ] ( Patescibacteria ) 4l & A 4
T ##4(0.05< P<0. 10) ; # 3 1 '] ( Cyanobacte-
ria ) 20 T AR X < B W 3 R AR (P<0.05) , SRUBE 1A ]
(Spirochaetes ) 4l & A FEAK Y # (P=0.052) , *f
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JARZKSFARXS HE BE T 10 A7 AT My b Ay 22 5 o0, 465
RE 7 P, JwKF B LUE E B UCG-005 J&
( Ruminococcaceae-UCG-005) A # i )g . 5 XTI
AR b, 156 20 v B30T IRk 2R 1A B _R-7 BEJE ( Chris-
tensenellaceae_R-7_group ) A X =F i 1 & 2 5 ( P<

0.05), ¥ & Bt RCO_ 1% & B J& ( Rikenellaceae _
RCO_gut_group ) XU EL ¥ 1 J& ( Bifidobacterium ) 1
Xt =R A B (0.05< P<0. 10) , % 12 iE 4 )
( Treponema ) #H %F F B A F F% # # (0.05< P<
0.10),

Fo6 TEE -RETROEAN B HEHBAX EEHZH 10 117

Table 6 Top 10 phyla in relative abundance of fecal microbiota from heat-stressed dairy cows treated with rumen-protected y-aminobutyric

acid

BRI 5K Xof W2 BATAE AR X = IR0 2H TR 2 8 b2 P&
JEBEH ] ( Firmicutes) 60.50 55.94 3.46 0.471
FUFF T ( Bacteroidetes ) 30.22 31.02 2.76 0.006
T 1] ( Actinobacteriota ) 2.75 5.82 2.09 0.083
ZHENR ] ( Spirochaetes ) 2.73 2.30 1.71 0.052
I 1] ( Euryarchaeota ) 0.35 0.98 0.20 0.013
AT 1] ( Proteobacteria ) 0.97 0.87 0.48 0.460
HEEANEA T ( Patescibacteria) 0.24 0.36 0.12 0.061
PEWUA T ( Verrucomicrobiota) 0.23 0.26 0.15 0.462
ERFFHE 1] ( Halobacterota ) <0.01 0.37 0.29 0.031
WEWEH T ( Cyanobacteria) 0.04 0.02 0.02 0.021

x7 TEB EETROEANHDSLEEHEENFEAZD 10 HEE

Table 7 Top 10 genera in relative abundance of fecal microbiota from heat-stressed dairy cows treated with rumen-protected y-aminobutyric

acid

T 42 SRR RN B G A TR AR P22 Pi
Jo B A UCG-005 J& ( Ruminococcaceae-UCG-005) 20.70 16.94 2.54 0.628
PR AR RCO_MATEBEJE ( Rikenellaceae_RC9_gut_group ) 7.04 9.34 1.78 0.097
PIFFH B ( Bacteroides) 7.72 6.13 0.96 0.597
MU AT B )& ( Bifidobacterium) 2.50 5.53 2.11 0.080
W K K IHAL_UCG-003 J& ( Prevotellaceae_UCG-003 ) 4.97 3.42 2.42 0.111
vE BT AR AL _R-7_BEIR ( Christensenellaceae_R-7_group) 3.17 3.85 0.27 0.037
5 AT 2 16 I8 ( Romboutsia ) 2.52 2.78 0.78 0.922
W WRTE AR ( Treponema) 2.72 2.30 1.71 0.053
TR @ (Alistipes) 1.78 1.64 0.21 0.289
BRI R ( Moraxella) 1.35 1.18 0.35 0.240

3 17 i

3.1 T GABA WM HINGFREBEMEFY
FRRWELERRm

TER ZE R R, AR 3 054
U5 BhR NS, £ BE P45 B B ) AR 4 RE Bk R

T, B RS R e PR R, PR R T A
RIS AR R DR RS N RP-GABA BAG 3 ik
N AR B R VR, SRR AE RA— 2L,
Cheng 25 IFGE KB, 45 $A0 B A 40 75 R ] o 2
WEE RP-GABA J&, Wi 4- T4 B4 A it fii GABA Jit
SRV I A R0 R LR R K A B Wang 250 T K
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B, 25 W FL A A (R U8B 2 15 AL T A BOIR A )
FFRANFEO0.8~2. 4 g RP-GABA 1] B Z 14tz T4y
PR, A, BT AL & B, RP-GABA Al 4
Tl B R (NIRRT 4E R A5 ) 43 | DR R] 3 s A
PEEAREIMZERE Y BYFRIE A I A S0 5
A TR AN RP-GABA J5 934 R RN T 58 5
UG

TR TS A Ry T TR 2 388 T 2 B JOR A a3
S, DTS B0 A il 37 2 9k | 5 97 S A i
R ) RS AN OA £ 5| R A 4R
AL THALAR B, B0 LR R B 1T GA-
BA fEREHE T Sh 4 8 138 X LA S 35y gl | 348
AHOCTH Al 5 1, 412 2 4% 2 % 38 3 400 0 1) T A T
W AR & B, B RE RS I RP-GABA A 34
TIPS 2 % P PR A T A R 1 VA 4T A R A%
I EEH(0.05<P<0. 10) , fH X4 5T FMH 2 11 0 2%
WAL HTE B F 520 (P>0.05) . Guo 2511 FE
PR HRR T 1 kg RE SN 0 mg RP-GABA (X
f#) 8 mg RP-GABA .16 mg RP-GABA .24 mg RP-
GABA F1 32 mg RP-GABA , i{Je 4545 45 d J5 &,
1 kgf&FEFRAN 16 mg RP-GABA W] i & 452 25 P 2 %
THy 0 HLEE 1A HLET 4 R4S Y 22 WIS 1k 3R i i) 26
WLTH AL R AT SN a2 SR Cheng 25 W98 %
BB A T B RLER 1 | P MR R AT 4E N
PR PR VR £F 2k 1) 22 W fL A 32 GABA b 58 71 1Y
s, DL AR 25 R — BT BE 5 sh W F X
FREZFI RP-GABA Il A4 5,
3.2 IJEE GABA XK MF=HEFEK S

sl

P AT AR TR AN S A e W R A ARRAE . AR
e N, 5 LA L, 5 241 5 4R #b 58 RP-
GABA J5 7 Wi &1 N (P<0. 05) ,3X 5 Hif A A
FEEE Y — B, P A 3G 0 AT R R R R b 7S
RP-GABA JE W4 R & 3G hn A 44 5 R Y mid 1k
YL WIFE R K L, RP-GABA BEME 12 w5 #4 3 L 13
PR RE 7, AR SR 8 3l ] X
Wity A R I, (B A RS, AR 5T 3.5%
FLIRHF IE 3L e ST E L ™= 2 IR RS RP-
GABA ] 8. 2 34 I s R A, 31X 22 A FLIR R &
Hp= i I — e R R BEAR (R IB BN G2k F ) .
R FLER 7 03 i oK 8 B ge i22 oK F  H 2L
IR Z AW & EA A& (0.05<P<0.10) , &

W] RP-GABA H A 4 i AR S A LA 1 A
(SRR MW 1, Cheng %1 W57 & B, RP-
GABA f&75 T AW 4 FLE AR LAl Er - i,
PRICHED GABA W LA fin 22 FE R AR 7 | 14 177 52 0 51,
A ; Chen 281758 5 98 & BX, GABA A 45
FFH8 1 R TBE XS R AR G R IR 1) W WA, [+] i g A it v vh
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