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Effects of cooperative fermentation by bacteria and enzymes on nutrient
composition, fermentation quality and in vitro digestibility of fermented

total mixed rations in dairy cows

LIU Beiyi', ZHAO Ranran', TIAN Jipeng', HUAN Hailin', CHENG Yunhui', XU Nengxiang',
ZHANG Wenjie', HAN Bingfeng’, DING Chenglong'

( L. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences/Key Laboratory of Crop and Animal Integrated Farming, Ministry of Agriculture
and Rural Affairs, Nanjing 210014, China; 2.Ruiliang Feed ( Xuzhou) Co., Ltd., Xuzhou 221600, China)

Abstract: In order to study the effects of cooperative fermentation by bacteria and enzymes on nutrient composition,
fermentation quality and in vitro digestibility of fermented total mixed rations in dairy cows, five treatments were set up,
which were blank control (CK), adding 2% 10° CFU/g lactobacillus treatment (J), adding 2x10° CFU/g lactobacillus +
0. 025% cellulase treatment (JX1) , adding 2x10° CFU/g
lactobacillus + 0.050% cellulase treatment ( JX2 ),
adding 2x 10° CFU/g lactobacillus + 0.100% cellulase
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TEZ R XU (1984-) L2 TR -1 FIBRST 5t L 5 M treatment( JX3). All treatments were subjected to anaero-
ENT 5SS E TN . (E-mail) byliu@ jass.ac.cn bic fermentation. The fermentation quality was detected at

BHAESE . TR, (E-mail) dingcl@ jaas.ac.cn 3d, 7d, 15 d and 30 d of fermentation, and the nutrient
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content, acid-soluble protein content and in vitro digestibility were detected at 30 d. The results showed that the content of

neutral detergent fiber in fermented total mixed rations in JX3 was significantly lower than that in the control (P<0.05).

The contents of neutral detergent fiber, acid detergent fiber, cellulose and hemicellulose of fermented total mixed rations in

JX3 were the lowest, while the contents of acid soluble protein, crude protein and lactic acid were the highest. The in vitro

dry matter digestibility and in vitro neutral detergent fiber digestibility of fermented total mixed rations in JX3 were the high-

est, which were 84.00% and 21. 61% , respectively. In conclusion, the optimal nutritional composition, fermentation quali-

ty and in vitro digestibility of fermented total mixed rations were obtained by adding 2x10° CFU/g lactobacillus + 0. 100%

cellulase.
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TP A R A IR A R (TMR ) T il D [+)
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K TR 7 i I ARSI AR R I i B AR R

1 ARSIk

1.1 REwra

MR G A= [ i 00 8 SR e 22 (3% 1), Be il il
R4 HAR, RS DEHMEL & s oKk oKk &
FARPRD BRIRES HURRH (R 2) . B 1 kg TURE
YR A 8.0x10° 1U 4E4EEK D 1.8x10° 1U 4k
% E 7 000.0 mg A& 45.0 mg B-TAE N & 300. 0
mg Hi] 600.0 mg, 81 000.0 mg, ££2 200.0 mg. %

fermented total mixed rations; cooperative fermentation by bacteria and enzymes; fermentation quali-

1 800. 0 mg % 20. 0 mg fifi 30. 0 mg fl 39. 0 mg £
4.5 g 857.2 g Wi 2.9 g, HUERMUFE T I FOK
TR NEFEAE, BB 2~ 3 em B/NEL, B34
KEEEMIRA B (TMR) 528 R R RS
FLBHE & & B, & B /v K o3 #E i 7R
50% (% 3) .,

F1 BEEFHERERAT

Table 1 Dietary nutrition level of dairy cows in peripartum period

izt BHIKT
FRYIERE (M) kg) 6.38
B (%) 12.70
PR R R A (%) 31.40
FRPEVR IR A 1 (%) 16.90
(%) 0.55
BEE (%) 0.30

x2 HBEABER

Table 2 Formula of concentrated feed

JEEE il (%)
EaRE S 24.0
5 S 29.4
o 32.6
kg 12.0
ivda 1.0
TR 1.0

1.2 Rt

TER 3 AR S H R (TMR) By E&Al |, 5
5 AAEER, 4300 A IR (CK) (B3 in2x 10° CFU/g
FLIR AL (]) (R IN2x10° CFU/ g FLER H +0. 025%
LRYE Z B AL R (JX1) B N2x10° CFU/g 3L IR 1 +
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0. 050% 2T 4 K BEALFE (JX2) A IN2x10° CFU/ g FL iR
#+0. 100%£F4E R Wb PR (JX3) . P A AL F A 4
IRG HARS AT IR A L W . FLIBR W W VL I5 48 AR
BEPR AL 0 2 A W, B AE T R FLAT I A 2 A A
R AR R 2 R A YRR B A RR
28w AL BG4 210 000 U/g,

FAMEHE 9 kg TMR T}, 40 BE TMR Fi)
G315 4%, J4% 600 ¢, 4 AIE K EE3 d.7 d.15 d.30
d FFARAGIN e 12 o 5 70 & 9% 30 d A8 77 L0
i RIMER RIS E S
*3 MRS ERER

Table 3 Formula of total mixed ration

ik HhE (kg)
HE R 5.5
W 0.5
ik 1.5
HIEXK 13.0
HA T 3.8
INZERERT 1.0
J=San 25.3

1.3 ZBLMESAREMES RERSH

1.3.1 REBEAYRABARGEAE I EHE
FE N FERF T I KRB E A2 ~ 3 em F/NEE,
Fie IR 3 A TC 77 K R A FIORS AL W | LR
B AR A4S | 5 SOl i R, A
600 g, Z i MG, 7473 d.7 d15d.30 d &
AL B

1.3.2 B A iadr  pH.REL20 ¢ KEEA
MiRA HAR, LA 180 ml Z818/K, T 4 CHiLE 24 h,
4 b At i 5 pHS-3C U IR BE 31 5 A T
SMIRA HRRM pH,

AR B i . FH = RO 35 35 B il 2 5 AL
MR (FLRR O &,

TH i A RS RS 2 0, 4
BIFHRACELS, 105 CAH 2 h, ZJ57E 75 CHIHLEE
ZHREELHET 48 b, ME TR & R, MR
A HHOIE 1 mm FLAR 9 R 0 0 26 5, 6 A
BHASB BN I TR U SRR AR A

FHEE & i ML S R A A S AU
(KjeltecTM2300) il 2 .

HE VR % 4T 4k (NDF) & & R M Uk T 2F 4k
(ADF) & KT &R & & Kk ANKOM-A2000i
R4 [ ZRASEORI 2 IR e R PR S
B BT,

PRI AL ARSI TH T3 b 32 38 3 P 9 Ak
5 (PR ONE G -27 4 R W ) AT AG I 0 3 Ak
25 BRI P M R IR AT e A B R AR BR
ARSI LT e ALK

PRV O i TR AR 1.5 ¢ B, BIA
50 ml 15% =& LR WL, ¥ K % 18 180 1r/min, 30
min, FE5J5EE, B 10 ml S8R E R EE
1.4 HESH

FIH Excel2019  SPSS26 #4445 i 43 Hr ik 56 %k
P& , R H Tukey 723647 225007,

2 R
21 HEHERBHEBRLSNHESBREHKS

spAG)

Nk 4 s, &9 30 d,) 3R TR A H IR
HR A P TR VA 4T 4 B 5 0 IR A L B 25 S (P>
0.05) ,JX1.JX2 JX3 Zb ¥ & WA H AR g
VR EF Y B AR IR (P<0. 05) , Hidp X3 4k
PR 2 TR T IX1 X2 AbFE (P<0.05) , 5% HEAH
Fb,IX3 AbFRA e A iR A H AR B AR P 4 B
WEREAK 3.60 N E ST, KB 30 d,].JX1,JX2,JX3
AHR R IR A HOR R R DR I LT 4 & 8 B 3
fEFXTHR (P<0.05) . Hor, IX3 b H R MR A H
MRP TR AL A 5 it 5 ] IXT JX2 ZbFHEAH T
F2R(P>0.05) , SXFHEAHLL, X3 AR B MIR G
FUR R R PE PR A AT 4 75 1 B AR T 1,96 > 4%
F(P<0.05) . A& 30 d,J JX1 JX2 JX3 ZbF ks
IRA HARP AR 4ER S E 8 0 2L TR (P<0.05)
LT HEAH B, JX3 AbFE R e iR A HAR R AT 4E R %
HREREMT 2.05 A KEE30 d,].JX1,JX2
PRGN IR A HRR AP A2 4 2 A i 5 X IR A L
T F 25 (P>0.05) X3 Ab B R BE MR -A H R
LT 4 2R 5 i IR0 BRI 7 JX JX2 A3 (P<
0.05), SXFHEAH L, IX3 AbFE A TR A H R H Y
PR AR ARG 1. 81 N 40 (P<0.05) . Xt
HEAIT T JXT JX2 JX3 bR R S T & 2R
(P>0.05) .

s Fn, KEE30 d,) AbB R EMIRS H R
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R S S A IRA T B 22 5% (P>0.05)
JX1 JX2 JX3 Zb Bk B iR A H AR P AL R &

F4 HBEHRREMABRENESERPESTESENHN

T TX R (P<0.05) , Hi IX3 Ab 3 & 4
PHRA B E R & s, b 13.82%,

Table 4 Effects of cooperative fermentation by bacteria and enzymes on the dietary fiber content of fermented total mixed rations

fbm VR ST 2 [[ERVRE A Y YR LY R T eSS

(%, THI5) (%, TH5) (%, THB) (%, TH5) (%, TH5)
CK 36.88+0.24a 18.24x0.21a 16.290.16a 18.73£0.19a 1.23£0.04a
J 35.87+0.15ah 16.39+0.14b 14.36=0.22h 19.16+0.07a 1.19£0.04a
X1 35.69+0.36b 16.68+0.18h 14.84+0.11h 18.870.23a 1.190.02a
X2 35.26+0.15b 16.36+0.21b 14.45+0.09h 18.85+0.16a 1.21+0.03a
X3 33.28+0.19¢ 16.28=0.10b 14.2420.12b 16.92:0.14b 1.150.07a

CK:Z5 AR T B2 % 10° CFU/ gL IR B AL EE ; JX 1. AR AN2x 107 CFU/ gL R B +0.025% 2T 4 2 il 77 b BE; TX2 . AR 2% 10° CFU/ g LR T +0. 050% £F
e F WAL JX3 . U IN2x 10° CFU/ g LR T +0. 100% 4T AE FHBHAL 3 . [Rl—F0EE 5 AN [F/ING TRk 3R R N [ A 38 ) 22 53 B 35 ( P<0. 05)

x5 HEMEABMNABENESERPEZESIENZMN
Table 5 Effects of cooperative fermentation by bacteria and en-
zymes on the crude protein content of fermented total

mixed rations

b ML H & (%, THR)
CK 13.15£0.05¢
J 13.27+0.04be
X1 13.35+0.06h
X2 13.67£0.07a
X3 13.82:£0.02a

CK_JJX1 JX2 1 X3 W% 4 1E. il S0 BHE o A /NG 7 e m
AN TR AL 3 ] 22 5 o 2 (P<0.05)
22 EEthELABNEZBEEMESHAREERR
A

W 1S AELTE T d P, %) BRRN 4% Ak 3 % i
EMIRG H P pH (EH M T FER] 4.00 24,
KT ~30 d, % Bk IR A H AR pH (H4k2E
TR, KWET~15 d,).JX1,JX2,JX3 203 A& B 44
A H AR pH E3 BT, KBE15~30 d, ), JX1,
JX2 JX3 bk BE MR A HARE pH X TR,
K30 d, ] IX1 JX2 JX3 A3k A IR A AR
(1) pH {ESAL T X5 1R Horp JX3 Ab 3R & B2 IR &
H R pH (EIRAK, M 3. 81,

k6 s, AWE30 d,J JX1.JX2 JX3 Ab3HL
MR A HORR b i R i B % i 3 W 3R TR R
(P<0.05),J JX1 JX2 AbBRE RS IRE H AR AR
BEASEILDEES(P>0.05), Hri X3 4b# %k
T MRS H P I RRIA B & s, 0 5. 13%,
EIXFREAH EE, X3 AbBE & B IR A HAR R i A R
FIE B4 170,60 A~ H 4345 (P<0.05) .

5.00

pH{H

4.00

KIEREL (d)
mCK; @J; B8IX1; mJX2; mJIX3

CK.JJXT JX2 #1 X3 WL 4 1, B AR /NG 5 B Ron 4 [
SRS T AR b 3 2 i) 22 5 {9 3 (P<0..05)

E1 £BEMESBRN pH EHTE

Fig.1 Dynamic changes of pH value of fermented total mixed

rations

x6 HEMEABNABEMNESBRTRAIZEESENIN
Table 6 Effects of cooperative fermentation by bacteria and en-
zymes on the content of acid soluble protein of fermented

total mixed rations

Ak MR EA (%, TR
CK 4.53=0.08¢
J 4.84=0.03b
X1 4.95:0.04ab
X2 5.0320.11ab
X3 5.13+0.18a

CK . JJXT.JX2 FIX3 W& 4 1, [W—3 85 A R/NE S 62K
AN Ak BRI 25 5 2 25 (P<0.05)

W 7 U, JX1 X2 IX3 A& iR A
H AR A LR 5 M it 2 & I s ) ) B T 42 1
e HAEAAIR A Tt ] N LR 7 i 1 S 38 v TR IR
(P<0.05), K30 d, JX3 ARG FLIR & i,
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1.82%, KIEE3 d, AL PE) 1R & W & KT X R
(P<0.05) , Hd IX3 AbFR) LR S el TERTE 7
d 1130 d BsF6FRERT J JXT JX2 JX3 AbPRI) O TR & 4

®7 HEMRERZBEXNABSNESERPENRSENISM

W EESR(P>0.05), FEBEA KBTS, IX2,
IX3 hbHUEEE 4IRS B R R ) 2R & B AE & B 30
d B3 & T HAL A B2 KA (P<0.05)

Table 7 Effects of cooperative fermentation by bacteria and enzymes on the content of organic acids of fermented total mixed rations

ik (%, THR)

A LR b
K3 d REET d K15 d K30 d
FLIR CK 0.870.11e 0.91+0.20d 0.77£0.22¢ 0.88+0.08¢
J 1.11£0.07d 1.44£0.32¢ 1.52+0.29d 1.54+0.45d
JX1 1.4320.31¢ 1.49+0.32h 1.53+0.27¢ 1.64+0.22¢
X2 1.44+0.31b 1.49+0.38b 1.57+0.29b 1.78+0.28b
X3 1.45+0.23a 1.57£0.34a 1.59+0.28a 1.82+0.08a
N7 CK 0.26+0.06a 0.21x0.04a 0.230.04a 0.29+0.04a
J 0.14+0.04b 0.15+0.06a 0.13+0.04bc 0.21+0.06a
X1 0.15+0.01b 0.18+0.04a 0.19+0.04ab 0.17£0.04a
X2 0.15+0.03b 0.16+0.04a 0.1020.06¢ 0.27+0.13a
X3 0.13+0.01b 0.16+0.05a 0.07+0.01c¢ 0.28+0.09a

CK . JJX1.JX2 F1JX3 W3& 4 i, [Al— 5085 A R)/ING B R A [RI AL B 22 53 1. 2 (P<0. 05)

23 HEWELZBEXMEZBEMNESBHREMNEL
RE M

H 8 A, & 30 d, B B [A) A ()X,
IX2 JX3) LMk A H AR A AN T8 5 LR
Y 2 TR (P<0.05) , Horp JX3 AbBE & % 4
MR A H AR AR SN2 5T AL R 5, o4 84. 00%
55X HEAH L, PR A9 BT AL R & 4. 14 S E 5
B REE30 d,IX2 1 JX3 AbF KR BEA MRS H AR
FA A4 A1 T P U A A T Ak R I 3 T IR (P<
0.05) , Horfv IX3 b A4 fA S i Uk U £ 4 fk
B, N 21.61%, 5% BEAH e, (A4 b P v vk 21 4
AR 3,93 N4,
®8 HBHEEBNERESMES BRENELENZN
Table 8 Effects of cooperative fermentation by bacteria and en-

zymes on the in vitro digestibility of fermented total mixed

rations
b PRSPPI AR PRSI R T R 2T Ak (L
(%, TH) (%, TH)
CK 79.86+0.60¢ 17.68+0.35b
J 80.81+1.75bc 19.58+0.10ab
JX1 82.30+1.00ab 19.69+0.50ab
JX2 82.76+0.91ab 20.13+0.86a
JX3 84.00+1.43a 21.61+0.42a

CK.JJX1.,JX2 #1 JX3 W3R 4 {E, [6—F 8 5 A m/NE FhkRR
AN TR AL 3 ] 2% S i 2 (P<0.05)

3 17 i

31 EEthELABNEZBEEMESGHRESFRAR
gl

P PR TR AT AE By FI R 4 5 Y
KRz —" BRI VER AR G i SRR LR
BEME ) AR R, IXT IX2,JX3 Zb
REEAMIEA BRI PR A4S m R &K T
X (P<0.05) . X F W & 2R -G H R R
TS INFLIR B DL S AT e R RE A AU SRR 4T i R .
0 T ST 4 SRR LR T RN £ 2 A &R
A AT K Ak BOK , PR AT 4 (NDF) 5 &
FRVEVE IR AT YE(ADF) & m BREAR, fEAMIR T, 5
XTHRAR EE, IX1,JX2 JX3 Ab PG B & H A
) R PR F 2 5 i 3 AR 1. 19 A 3 A5 1L 62
ANE 3,60 ANE A3 L B AT 4 i A3 )
AR 1.56 N 43 051,88 N A 43 4 . 1.96 N H 4%
ARG RSB 1L45S AN EDE L84 NE
I3 82,05 N E AT

FHAR 1 5 2 o PEAS DR BT 5 %) SCBE R A7, Chen
AUV R L P R P A T A DR, R R I
R A AR A R AT R A i
ARBFFE, KW 30 d,JXT,JX2 F1JX3 Ab 2 A& B4
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BAHRPHEA & 28 E & T X (P<
0.05) , SIEIEMAE A58 25 - —5, huknr i,
PRI P I A 1 T LA 3 R AR e B TR HAR ok
YRR it PR S i,
32 HEBhELZBEMABENESHREBESRR
sEA |

LR T T A UL IR | AR A T ) o F PR B
ARANHIAE ERE AR, SRS T4 R R,
) T K s I F LR B T LA B BRI ARDRHY pH,
FEARES R, A5 SRR S R —3, A%
R, REESMIRA HRAELTET d P pH (HRE T
B, R 3 d B 0 HEOR B4 TR A B pHL (i 18 3%
F T T LIXT X2 A X3 AR FR R BT LR R AR AR
{14 LI (AR AR R B B R A, A ) T S e R i T R
UF AR A RS

FLIR LR T & BE 0 =572, o 5 o
TR ZEARBESE AT OXT L JX2IX3 kb EE &
AR A FORR T R LR 1 He B A IR [i] ) 428 K
5 ETFHEEG T IXT JX2 X3 AR EE IR G H
MR FLIR & 3 B = T XTI (P<0.05) . K
30 d,JX3 AP FLER A, 0 TR RN
JX1 JX2 Kb 3 (P<0.05) . Filya %52 B 58 45 B 3=
BH , FE ) v R 7L IR B RE A D2 (AR A T8, I 42
FHeE R LR i, SRR AR — 3, Chen
SECVAR X HOR T B — LR B B o — 2R 4 R
TRk, R I R VR A DR pH (AR, LR 7
R, AT R R, BEE LF 4 R AR
e, KRS H R LR & 2w

PR VS 2 11 R U 125 B R 5 LR /Ny 1Ay,
FIWT 2 B A R R A A R 2 — P R 30
d,J JX1 X2 JX3 Ab3UE IR G H R IR IA 2R
H &3 B 2w T AR (P<0.05) , Hirb X3 43R
W SRR, 58] 5. 13%, Chen 2572V H5H X
Fb I B — LR P Bl o — 21 2 R il & e vk, A
it I ] A TR P e sk rb R O AR B i, AR
LR,
33 HEhELZBENEBEMES BMREMNEL
R

RGN B AL R S rp P DR R T T 1R
e HORLS T B B R bR 2 — T AR R
TR R AR Y AR AR I R, K
30 d,JX1.JX2 ., JX3 4h B R A HARIR SN 9 o

AL R 8 2 T4 I (P<0.05) . A& 30 d,JX2,
IX3 AhBR AR A HARRSM v PE VR I 47 4 T AL R
FR TR (P<0.05) , BFFTEs R0, 18 o AL R
FIEF 2 2R 52 A TR JInT DA S 388 in 2% iRk 4 AR 41
TW T Ak R DL B iR Ah M Y R A e AL R 5
T 2 AT 45 SR — 8
4 %58

ARWFFEEEIT « (1)IX3 LB & B MRS H
R HP ) R P A AT A i S S AT R X
JX2 B (P<0.05) , 5 X HRAH L, X3 A& e 44
RA BRIk e I 27 2 5 e R ME VR R AR 4
o AR PR T =S TE3.60 ™ H
J3HE1.96 AN AR 2,05 AN E L 81 N E AR
R IX3 bR B AR A H AR AR Y
B,k 13.82%, (2) KT d, X HERI45 b B s 4
Wi & HRRA pH E 4 T 2] 4.00 2247, kK
3d W, TIXT L IX2 JX3 AbBE A B2 A IR A B ORI
pH H 5% T X B8 (P<0.05) , & 30 d,JX3 Ab
PR BE RS H AR pH {H5 MK, ~ 3.81, JX3 At
AR A HAR P RIS B 11 i B Tt
HEFI J AbBE(P<0.05) . (3)JX3 AbBLA LM IRA
H R PR A1 T 9 5 3 Ak %6 I 2 o % JEF 7 A 3
(P<0.05) , RANPEVE VAT Sl AL R B 2 = T X R
(P<0.05) .

CEA A TR ES v LIS TS iN2x 10°CFU/ g
FLER TR +0. 1009 £F 4 2 il (1) & W IR A H RS 57
BT e BT RSN AR A

SE Lk
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