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Abstract: [Objective] The objective of this experiment was to study the effects of Saccharomyces cerevisiae and Bacillus
licheniformis on growth performance and rumen fermentation in sheep. [Method] A total of 48 four-month-old healthy
DorperxSmall Tail Han sheep ram lambs with similar body weight (22.96+2.00 kg) were randomly selected into 4 groups: D (the
control group, without both bacteria); D1 (only adding Saccharomyces cerevisiae, 6x10"° CFU/kg), D2 (only adding Bacillus
licheniformis, 2x10" CFU/kg), and D3 (Saccharomyces cerevisiae 6x10" CFU/kg + Bacillus licheniformis 2x10""CFU/kg), with 12
sheep of each group. The experiment was conducted over 75d, with a 15d adaptation and a 60d the formal period. The experimental
sheep were fed 2 times per day (08:00 a.m., 18:00 p.m.), free ingestion and free drinking water. During the normal feeding period,
each experimental sheep were recorded accurately the amount of feed and residual of weight every day. The experimental sheep were
weighed before the morning feeding on the 1st, 30th and 60th day, and the average daily intake, average daily gain (ADG) and
Feed/Gain (F/G) value were calculated. At 08:00 on the day of the end of the experiment, the experimental sheep were fed normally.
After 3 hours, the rumen fluid was collected and the rumen fermentation, digestive enzyme activities, and functional microorganisms
were determined. [Result]The results showed as follows: (1) the addition of Saccharomyces cerevisiae and Bacillus licheniformis in
the diet had no significant effect on the final body weight and average feed intake of the test sheep (P>0.05). The ADG of D3 group
was significantly higher than that of D group (P<<0.05), and F/G value of D3 group was significantly lower than that of D group (P
<0.05). There was no significant difference between D1 and D2 groups in F/G value (P>0.05): (2) the addition of Saccharomyces
cerevisiae and Bacillus licheniformis in the diet had no significant effect on the rumen pH value, the concentration of butyric acid,
and the value of Acetate/Propionate (A/P). The concentration of NH3-N for D3 group was significantly lower than D group, but the
concentration of TVFA and propionic acid was significantly higher than D group (P£<<0.05), with no difference among three
experimental groups (P>>0.05). The concentration of acetic acid in D3 and D2 group was significantly higher than that in D1 and D
groups (P<<0.05).3)The activity of S-glucosidase, carboxymethyl cellulose, xylanase, and amylase for D3 group was significantly
higher than the other groups (P<<0.05). There was no significant effect in the activities of B - glucosidase, pectase, carboxymethyl
cellulose and amylase among D , D1 and D2 groups (P>0.05). The activity of protease in D3 group was significantly higher than
D and D2 groups (P<<0.05), with no significant difference between D3 and D1 groups(P>0.05). There was no significant
difference in f-glucosidase, pectase, carboxymathy cellulose, xylanase, protease and amylase activities between D1 and D2 groups
(P>0.05); (4) the addition of Saccharomyces cerevisiae and Bacillus licheniformis in the diet had no significant effect on the
amount of R. flavefaciens, P. ruminicola, R. amylophilus, and Protozoan(P>0.05). The amount of B.fibrisolvens for D3 group was
significantly higher than the other 3 groups (P<<0.05). The amount of R. albus and F. succinogensin D3 group were significantly
higher than D group (P<<0.05), with no significant difference among D1, D2 and D3 groups (P>0.05). Compared with the D
group, the amount of Methanogensin experimental groups were significantly decreased (P<<0.05), and the D3 group was lowest.

[ Conclusion] In conclusion, the dietary supplementation of Saccharomyces cerevisiae (6x10"°CFU/kg) and Bacillus licheniformis
(2x10"CFU/kg) had positive effects on rumen fermentation, which improved rumen digestive enzyme activity and increased the
number of beneficial bacteria in rumen. Moreover, the combination of Saccharomyces cerevisiae and Bacillus licheniformis
achieved better effect.
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Table 1 Composition and nutrient level of diets (DM basis,

%)

TiH Item EIEKF Nutrient level

J5Bl Ingredients TH) i DM 94.99
FK Corn 30.00 FLERH B CP 13.14
KA Rice bran 7.00 FK 5 Ash 8.27
T4 Soybean meal  18.00 FLREW; EE 223
iy El Premix' 5.00 TSR £T4E NDF 41.84
FOKAEFF Corn straw  20.00 MRIEDE T4 ADF 22.29
A5 Millet straw 20.00 45 Ca 0.35

4l Total 100.00 i P 0.29

ViR R T EV N (mgkg!): Cu 15, Fe55, Zn25, Mn40, Se
0.3,10.5, Co 0.2; Wk} 4 4£ ZH it (IU-kg™): VA 20 000, VD 4 000,
VE 40, BUELSE IR o3 1ok Siis

Additive mineral premix (mg-kg"): Cu 15, Fe 55, Zn 25, Mn 40, Se 0.3, I
0.5, Co 0.2; Additive vitamin premix (IU-kg™): VA 20 000, VD 4 000, VE
40. The compositions of diet are measured values
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Plus) 71 1 B 45 LL & ABI stepone plus 5K 2¢ 6 &
RRAEEEUR N, (PCR) AU WI3RAE, Xt H 3t
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Table 2 Primer sequences of genes

JE[K Gene name

515 (5'—=3') Primer sequence(5'—3") PR/ Product/bp 2% ik References

sy
Total bacterial

LR R

flavefaciens

EREr AN
albus

7R HA R 2R 1A
succinogens
VT4 T RN
fibrisolvens

W VBT AT IR
R. amylophilus
AT 05
P. ruminicola

)
Methanogens

Jit e

Protozoan

F:CGGTGAATACGTTCYCGG 123 DENMAN 240141
R:GGWTACCTTGTTACGACTT
F:ATTGTCCCAGTTCAGATTGC 173 DENMAN 240141

R:GGCGTCCTCATTGCTGTTAG

F:CCCTAAAAGCAGTCTTAGTTCG 176 KOIKE 25131
R:CCTCCTTGCGGTTAGAACA
F:GGCGGGATTGAATGTACCTTGAGA 204 DENMAN 240141

R:TCCGCCTGCCCCTGAACTATC

F:TAACATGAGAGTTTGATCCTGGCTC 136 FORSTER 241!
R:CGTTACTCACCCGTCCGC
F:CTGGGGAGCTGCCTGAATG 100 JAMI £

R:GCATCTGAATGCGACTGGTTG
F:GAAAGTCGGATTAATGCTCTATGTTG 74 JAMI %17
R:CATCCTATAGCGGTAAACCTTTGG

F:TTCGGTGGATCDCARAGRGC 140 ZHANGI %181
R:GBARGTCGWAWCCGTAGAATCC

F:GCTTTCGWTGGTAGTGTATT 223 ZHANGI %181
R:CTTGCCCTCYAATCGTWCT
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HATZEHE, L P<0.05 ®BnZREFE.

2 #HR
2.1 (AR RINERER B R S AR S
T AL

I3 3 FIRI, S DR P B AT A 27 AT B0 K

0.05) . D3 4" ADG W& T DA (P<0.05 . 5
D 414k, D3 41 F/G W2 #K (P<<0.05) , {2 DI
D2 HERARE (P>0.05) .
2.2 ARFBIAMIREE SR FEAFEXEFE
B ABSHRF Y
HHE 4 WIS IR TP P B R 1 A 2 R A BRI
B pH. TS K LW g% (P>
0.05) . D3 ZH (1) NH3-N K J& @ LT D 41 (P<<0.05),

R 3 ARBPRNEREE AR FRTEN S FE KRR

Table 3 Effects of Saccharomyces cerevisiae and Bacillus licheniformis in diets on growth performance of sheep

Wi H 24 %)) Groups SEM P{a
Ttems D DI D2 D3 P value
YA TE IBW (kg) 23.08 22.22 23.58 22.97 1.20 0.73
LARIKT FBW (kg) 39.91 40.04 40.92 43.23 277 0.61
¥ H I ADG (g-d™) 280.42d 297.38b 289.34c¢ 337.40a 35.22 0.01
P24 H R fr i ADFI (g-d™) 1827.11 1768.90 1759.31 1705.04 165.49 0.91
BIE L F/G 6.57a 5.98ab 6.02ab 5.01b 0.27 0.02

[RIAT 4 JE b5 I 7 BEEAH R A BER R R R B (P>0.05), ARNGERFRREREE (P<0.05). T
In the same row, values with no letter or the same letter superscripts mean no significant difference (P>>0.05), while with different small letter superscripts
mean significant difference (P<<0.05). The same as below
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D1 Al D2 P& HAHGE T ZE AL E (P>
0.05) .
2.4 ARBPIAMIREE SR FETENEFE
ERyERp XAl
I 6 WIS DR TP P B R 1 A 25 SR B X B
IR BRI . AR S I IR ICEE . FEVE R W AT A
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Table 4 Effects of Saccharomyces cerevisiae and Bacillus licheniformis in diets on rumen fermentation of sheep

I H 4153 Groups SEM P
Items D DI D2 D3 P value
pH 6.76 6.58 6.52 6.74 0.14 0.11
2 A% NH3-N (mg-dL ™) 25.09a 22.94ab 23.02ab 19.87b 1.60 0.03
SR VNS TVFA (mmol-L ™) 48.03b 51.81ab 54.37a 54.86a 222 0.02
2. Acetate (mmol-L ™) 35.25¢ 38.01b 39.69a 40.09a 0.58 <<0.001
N Propionate (mmol-L ™) 11.44b 12.07ab 12.99a 13.39a 0.51 0.004
T Butyrate (mmol-L ™) 6.67 6.94 6.78 6.92 0.66 0.97
LA Acetate/Propionate 3.08 3.15 3.07 3.01 0.13 0.69

&5 AR NEREEE B AR S IR AT E X 4R S B R R E L EEE R RN

Table 5  Effects of Saccharomyces cerevisiae and Bacillus licheniformis in diets on rumen digestion enzyme activity of sheep (U/mL)

T H 2193) Groups SEM PAH

Items D D1 D2 D3 P value
B-71 4T P B-glucosidase 0.08b 0.09b 0.09b 0.17a 0.01 <0.001
JILH Pectase 0.62b 0.73ab 0.88b 0.93a 0.08 0.002
¥ LA 4k 22§ Carboxymethyl cellulose 0.09b 0.15b 0.16b 0.25a 0.03 0.001
AREHEWG Xylanase 0.23¢ 0.26bc 0.29b 0.46a 0.01 <0.001
H AW Protease 15.77¢ 19.54ab 17.43bc 21.21a 0.11 <0.001
VEN T Amylase 0.24b 0.25b 0.26b 0.30a 0.01 0.002

2R 6 TR IR ANER BB B AN A SF AT E X 4R S B Th RE R M RO R2 M

Table 6 Effects of Saccharomyces cerevisiae and Bacillus licheniformis in diets on ruminal functional microbiotaof sheep (%)

It H 2053 Groups SEM P1H
Items D D1 D2 D3 P value
A8 B ERE R. albus 0.68b 1.59ab 2.08a 2.54a 0.37 0.001
FERSHARR 2IRFF B8 F. succinogenes 6.53b 10.49ab 9.27ab 15.05a 2.59 0.04
HetOIR 5 BRIA R. flavefaciens 3.29 3.43 434 5.19 1.04 0.27
LY T BRINA B. fibrisolvens 9.47b 10.66b 10.45b 13.49a 0.46 <0.001
W81 A IR BB P. ruminicola 1.55 2.06 2.57 2.59 0.57 0.26
WEVENIR B AT R, amylophilus 0.90 1.11 0.98 133 0.18 0.20
P Methanogens<10™ 29.19a 18.74bc 20.26b 11.62¢ 2.08 <0.001
J5i 1t Protozoan 6.44 5.74 5.84 5.49 1.38 0.94




3390 el & BE % 53 %

JRIRBCR AL E (P>0.05) , D3 410 r4e
TR B T AR 3 41 (P<0.05) , AfEY
BB AN = BRI RR L2 RAT B A 3 v T D 41(P>0.05),
{25 D1 f1 D2 HZERARZE (P>0.05) . 5D 4
Lb, IR0 417 HBE e AR B AT (P<<0.05) , Hih
D3 k.
3 itig

BT NIFRER B s A i ] LU N R E, ART
YeFFahit I A sh ) N R E RS 4k 5248, I H T
PR PR AN AR e B R R T, B T
VERVEE . METREAN B ke 5%, XL R RESE S B
YA R 21200 SRR R R e sh i b
B R R B i T I B — 1A By kB
[ A A T B R s R4, S mlkii
sIgA F3ib /K, A B B 0 50, AT e fip i fi
FERIBLA =0 R R Y, S mash i K
o BRI e i P ST 3 3 a1 R
AR LA 0 50g-d™ (IERERIFIAT 2.0 X 10°
CFU/ (h-d) WL AR IR ADG 580 22 AN
FH, (R HRAM S a5 AR T A AR
I RELN B A 2E T B 4L HR AL ADG A3 BGE(H
LR EE SR, {5 FRANCIA P42 mE5y
F VR IR I BEFD M A 2R R B 344845 ADG i T
XL, ARG, FAFAE — 2 22 e (1 S DR ml g A A
S INACE S RS S B IR R A R AR R 2R . A
PR R L R O 402 AR K= AR T IEALA RN, 1
FH AR B4 T 304t 3 4.

Jo B AR R A BN IR AR B, RN
R AR A AR LR AT, pHONH;-N WK EE AT VFA
(R4 1 LA S 4R b, AR S e 1988 1 I A BRI A Al
RHERE A R B R . & 24 sh P k] e K 4k
G A ORORE AR A A VFA 3, VFA
e RATYEER R, TN LR, NI
TRRAE . YR &5 bR R K A A
RPN VFA, SEUR Y pH R HLIAXS VFA
) AN TR PR S ke 8 P AS DT i N DL A g S AR et
FEORTE =2 b ER], AR pH A1 — g Yu Y
B, kAR R pH B4 i N IR B R
JE o ' pH AR E I —MAE 6.0—7.0, it
h 6.2—6.8, WL IRT Tl A i M i . ARG P R
AN B8 AR RN pH IR RE M AR AN 1535, (A4 T e £
pH MYE I

FEIEHIRE pH BN, Mol Smtsude B
BRI 120 A1 240g-kg™ BRI IR, 45 53 WA
P RE o VR o B2 fR 9% R TVERA IR TG B35 50 m, 1
USRI RFF 9 45 L0 3 WAV IR PG P BRI 1K) TVFA R T
IR ST S OE KA S AR, T
T 5 S 4 24 R R S R R 2 ARORE B T DL
$erm TVFA & &. — 5T n] R i 2F B A SR I
AT R SR AR TR R I SR, 53— D71, s AR R
il SR A AR AR, B R R R
LRt A BN A R & Rrt) F BERT Ay, INRR 2
ME— eI AR R AR VEA, L8 I R IR R AL sh )
XA AR, AREe R, D3 4I R, IR
TVFA WRJEm XA, AN AR E Z R )
JI s AR A 5 T P P 28 2 TR TR 0 ARG T S R0 IR g
I Bl AR 230, [Fitk D3 4188 &R R % &,
H S . AP (E W AR D VEO R B R B2 28 B bs
B, BN AP E/NT 3 R T INIR KRR, 1K
T3 4 LR R BRI, AR K8 (1 A/P (HI47E 3
DA b, 50 AT VP P R e 2 R 1A 3 R 1
=it

FesE M H NS B T AR B A s
NH;-N S8 B 1 A ) B A DR 2R (1 AR ), B
WA A F AT AR ARG IR, AR
IR RERT DURIEOR B A E Y IR NH-N A e
PP, PROHASZKA ZECIe g bkl v s n 2E
WA, RIHIEN NH; iREEREAR. 1R R 0
IR 2.4X10'°CFU/Kkg (1 3th A% 24 A AT B 4 1A 2208 5
NH;-N i S8 FAR, AR 6 A A8 IR 7 B R b A 2
FORF A1 b SRR S NH-N IR, it DT ) i A T T
RHEI AR Z A G R EYER, Hx—g4%
L s AR N RIS KRR R 4
RV

I 5 R AR R PR R A FH ARG T 25 e A Il
ST, I8 B AR T DL A 7 A 5P AL LA 4 i
TR AP (R 2R R, R T BRI SR T BRI
FERR B LLIRAT R NS 4T 4 T RN L 24 304098 1
FERAGED R, HARRN TSRl Re )] . W4T
YT IR IR ROV IR 15 5 T K LG B RE B8 0 WA o R B T )
By, JUICIEAR S TR IR G, 7R A 2 IR
ARG PR I VE ] . v ek R A B AR ot
AP N e RORUR, R R B A D Y, A
BT, RGN 2F AT 1R R il o 1 b DRI R
CORFFBE . AR B ER B . WA TR IR R iR R A



16 3

HEEA S GRS IR TR B A A ZE AT B0 40 B R RE 5 8 R IR S R

3391

ST B 1) A KR G P ARG o, S ] R TR I
PR ZEL R0 ] R b A 28 ST 1 2 -5 0 R AL AH L 2 3
TR R A YR R B, XS AT AR AR
— SO, BT A A T AR A i A
T P S T R A A B A Y, B
AWTFUR W] 2 A 2 P R B TN SR AT 2T 2
FRM AP ARG S W R TG 1 R b A 2
AT AL IRALALE, RS RA Frde, HALG
W2 RO O T B AN N 2, 33 P A A g A ] 4 P
PRI AL RO, T LI R G AT 2 AT B AT A
WIR LA Al SERT e STUERNE. ASRPE N
FULT AR, 3w apkl it % .

[ 34 CH, L R R B2 FUR A R IR i
I LA X RS D R V5, R B R T IR
TR e s R e v B TR /b W BEAIRE 1 CHL (K7
Jo HRR P TR e T 2 ) e TR AR SRR, R E R R
THTIE AT HHpE 1 S 2 S s PR DAY AR K7 2 St
P bR s PLATAMHRE 7 e R 581 R34 n 5t el 4,
(ECIEAE s LA NbAY PO S R TE 52
Wi, B AR 5 R ISR AR DR
TG GRS ARG AT LAREAG ™ Fe b £ E R B
A LAY B I AE B, AT e BE A T 3R o R TE B
AMHA 2 FUAT BRI [ AR 2L 8 AR L5 AR
PP B AT T L E AL A R0, W e S AR TR
IO, HRARPLEAA Rt DT

4 ZEig

TR PR I 6X 10"°CFU/Kg TR 5 1% 15F A1 2%
10"°CFU/kg Hi A 25 f T B2 45 0 4 21080 1 R I s A
Wy, e TR E VEA RIS AL R a5 2k, 34
TRIEA R, Mt SRR, i)
YIRS, L 2 A B 2 A RN R T A IR R A
KPEREsCE R B A

References

(1] 5K I, A JE o 2l 2B W iR IR A0 S Bk S JU N A AT
2002(10) : 6-8.
ZHANG M, DIAO Q Y. Nutritional and immune characteristics of
probiotics and their application. Feed Research, 2002(10): 6-8. (in
Chinese)

(2] FrEfe, Fgzly. EARR A P B SR A8 e T
FAEFEPERE IR, E B PR, 2006(5) < 11-14.
QIAO G H, SHAN A S. The effect of different direct-fed microbial

B3]

(4]

[3]

[6]

(7

(8]

[

[10]

culture on methane production in vitro and production performance in
dairy cattle. Chinese Animal Husbandry and Veterinary Medicine,
2006(5) : 11-14. (in Chinese)

BB, AL, B, WM. BRI RE W48 T A BB R i v
ke bRRE . B ER R, 2011, 37(2): 24-26.

SHAO G, LI HY, HUANG S, MIAO S J. Effect of aspergillus oryzue
on rumen degradation rate and nutrient digestibility in dairy cow.
China Cattle Science, 2011, 37(2): 24-26.(in Chinese)

SR, TR, bEEEISAT T, Mk s, AR, B,
PG, FURR A S I 2 Rt 5 2R PR v X e T A T O 7 B .
[ & Pz, 2010, 37(1): 5-9.

ZHANG HT, WANG J Q, BOD P, LUAN S Y, DENG L F, ZHOU L
Y, ZHOU Z F, WEIL H Y, SUN P. Effect of supplementation of Bacillus
subtilis Natto on the development of digestive tract in Calves. Chinese
Animal Husbandry and Veterinary Medicine, 2010, 37(1): 5-9.(in
Chinese)

HEA, M, SER, DORTE, KO0, T, KA. AW
P BRI M 24 FUFT BT 40 28 15 AR AN R S . v T e s
2019, 46(11): 3208-3215.

ZHENG W C, HAO X Y, ZHANG C X, XIANG B W, ZHANG W J,
WEN H Y, ZHANG J X. Effects of Saccharomyces Cerevisiae and
Bacillus Licheniformis on rumen fermentation in sheep in vitro.
Chinese Animal Husbandry and Veterinary Medicine, 2019, 46(11):
3208-3215. (in Chinese)

AOAC. Official methods of analysis of AOAC International[M].17th
ed.Gaithersburg: AOAC International,2000.

VAN SOEST P J, ROBERTSON J B, LEWIS B A. Methods for
dietary fiber, neutral detergent fiber, and non-starch polysaccharides in
relation to animal nutrition. Journal of Dairy Science, 1991, 74(10):
3583-3597.

AR, T IR IR- SO SR TR0 E 2 Rt i R S TR N
&, TR, 2015(11): 22-25.

SHAO J. Determination of the calcium content in foods by dry ssh and
wet digestion-flame atomic absorption spectrophotometry. Chemical
Engineer,2015(11): 22-25. (in Chinese)

OIE. 2 PORIEE S R AR T ik BT . SRR AL,
2012(11):16-17.

LI H J. Comparative study on determination of phosphorus content in
two kinds of plants. Modern Agricultural Science and Technology,
2012(11):16-17. (in Chinese)

WANG C,LIU Q,GUO G, HUO W J, MA L, ZHANG Y L, PEI C X,
ZHANG L S, WANG H. Effects of rumen-protected folic acid on

ruminal fermentation, microbial enzyme activity, cellulolytic bacteria



3392

doOE kW R %

53 %

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

and urinary excretion of purine derivatives in growing beef
steers.Animal Feed Science & Technology, 2016, 221:185-194.
SMAE, BRE, XY, A, KEE, sKICHE, JOR, kit
. BRI R B A A AR SR T IR R R,
2017, 48(9): 1683-1693.

JINY Q,ZHAO J X, LIU W Z, REN Y S, ZHANG C X, ZHAGN W
J, XIANG B W, ZHAGN ] X. Effect of dietary wine grape pomace
supplementation on rumen metabolism and development in lambs.
Chinese Journal of Animal and Veterinary Sciences, 2017, 48(9):
1683-1693. (in Chinese)

AGARWAL N, KAMRA D N, CHAUDHARY L C, AGARWAL I,
SAHOO A, PATHAK N N. Microbial status and rumen enzyme
profile of crossbred calves fed on different microbial feed additives.
Letters in Applied Microbiology, 2002, 34(5):329-336.

YU Z, MORRISON M. Improved extraction of PCR-quality
community DNA from digesta and fecal samples. Biotechniques, 2004,
36(5):808-812.

DENMAN S E, MCSWEENEY C S. Development of a real-time PCR
assay for monitoring anaerobic fungal and cellulolytic bacterial
populations within the ruminal. FEMS Microbiology Ecology, 2006,
58(3): 572-582.

KOIKE S, KOBAYASHI Y. Development and use of competitive PCR
assays for the ruminal cellulolytic bacteria: Fibrobacter succinogenes,
Ruminococcusalbus and Ruminococcus flavefaciens. FEMS Microbiology
Letters, 2001, 204(2): 361-366.

FORSTER R, TEATHER R, GONG J, DENG S J. 16s rDNA analysis
of Bufyrivibriofibrisolvens: phylogenetic position and relation to
butyrate - producing anaerobic bacteria from the ruminal of white -
tailed deer. Letters in Applied Microbiology, 1996, 23(4): 218-222.
JAMI E, MIZRAHI 1. Composition and similarity of bovine ruminal
microbiota across individual animals. PLoS One, 2012, 7(3): 306.
ZHANG CM, GUO Y Q, YUANZP, WU YM, WANG J K, LIU J X,
ZHU W Y. Effect of octadeca carbon fatty acids on microbiota
fermentation, methanogenesis and microbiota flora in vitro. Animal
Feed Science and Technology, 2008, 146(3-4): 259-269.

IR i % 27 A R JORE RS A8 307 2H AR5 A A KR ) S )
[D]. &k R R 2%, 2005.

YAN X G. The effect of yeast culture and pellet concentrate on the
growing development of Holstein calves[D]. Jilin: Jilin Agricultural
University, 2005. (in Chinese)

P, LT AERERASWESRINHE. B E R,
2015(5):149.

LI D, JIANG N. Application of probiotics in ruminant production.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Technical Advisor for Animal Husbandry, 2015(5): 149. (in Chinese)
ZHANG HL,LIW S, XU D N, ZHENG W W. Mucosa-reparing and
microbiota-balancing therapeutic effect of Bacillus subtilis alleviates
dextrate sulfate sodium-induced ulcerative colitis in mice. Experimental
and Therapeutic Medicine, 2016. DOI: 10.3892/etm. 2016.3686.
TRERAL TE VLR B S W BER SR R A 2R AR RE . AR R b AN
A B EE D). ARG AR R, 2015,

GENG C Y. Comparison of live yeast (Saccharomyces cerevisiae) and
yeastculture for growth performance, carcass traits and meatquality in
finishing cattle[D]. Beijing: China Agricultural University, 2015. (in
Chinese)

IR 2 2 BT ) 015300 568 58 S JERT T 4798 . B AR AR AR T Tk
YR D] AR R R BE, 2013.

DONG X L. Identification of probiotics and effects of probiotics on
weaned piglets, calves and the gastrointestinal microbiate[D]. Beijing:
Chinese Academy of Agricultural Sciences, 2013. (in Chinese)
FRANCIA A D , MASUCCI F , ROSA G D, VARRICCHIO M L,
PROTO V. Effects of Aspergillus oryzae extract and a Saccharomyces
cerevisiae fermentation product on intake, body weight gain and
digestibility in buffalo calves. Animal Feed Science and Technology,
2008, 140(1-2):67-77.

Frgt, AME, BiA, Fia, Vet AR S wm B 0~8
JEIRS B AR A AP RE R i AR AR BR A SR, ShAE IR 43R, 2012,
24(4): 753-761.

FUY Q,DIAO Q Y, TU Y, WANG J H, XU X C. Effects of different
combinations of probiotics on growth performance and serum
biochemical parameters in dairy calves aged from 0 to 8 weeks.
Chinese Journal of Animal Nutrition, 2012, 24(4): 753-761.(in Chinese)
PEASON R REZFFOAT B 7= DU 2 1 B 5 DR R B0 905 2988 W Ak
YA AR H GBI S D], 5B AFE AL K2, 2014
PANG D G. Effects of bacillus subtilis, Candida utilis and Enterococcus
faecium on in vitro rumen microbial digestion and metabolism and
methane emission of dairy cows[D]. Urumqi: Xinjiang Agricultural
University, 2014. (in Chinese)

Mhod, ML, AR, FfeAt, WSCR, Ak, BRI EE R I 5
AT T IR IR R S 3 A ARSI . B IR
%, 2017, 29(9): 3359-3365.

CHEN L, JIE D H, REN A, ZHOU C S, TAN Z L, LI B. Effects of
Saccharomyces cerevisiaeon nutrient digestibility, rumen fermentation
and plama biochemical parameters of Xiangzhong black beef. Chinese
Journal of Animal Nutrition, 2017, 29(9): 3359-3365. (in Chinese)
TUE, HAe, I, MR AT DN g A RS
RBEREER. BEIITSL, 2012(1): 57-59.



16 3

HEEA S GRS IR TR B A A ZE AT B0 40 B R RE 5 8 R IR S R

3393

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

DING HT, XIADH, QIN S S, YANG X Y. Effect of Bacillus subtilis
on rumen fermentation of dairy cattle in vitro. Feed Research, 2012(1):
57-59. (in Chinese)

M, A, REE, AR, WEAKHE, ARICKE. DHREVESERE WL
SRS ORI IIRE IR, BIYIE IR, 2011(12) : 2203-2209.
XIAO Y, WANG L H, CHENG M, QI R, CHU Y K, LIN Y T.
Functional oligosaccharides affect rumen fermentation of dairy goats.
Chinese Journal of Animal Nutrition, 2011(12): 2203-2209. (in Chinese)
SMAGALA A M . The effect of preservatives based on propionic acid
on the fermentation and aerobic stability of corn silage and a total
mixed ration. Journal of Dairy Science, 1998, 81(5):1322-1330.
WILLIAMS P E V, NEWBOLD C J, GAMSWORTHY P C. Rumen
probiosis: the effects of novel microorganisms on rumen fermentation
and ruminant productivity. Recent Advances in Animal Nutrition,
1990:211-227.

PROHASZKA' L, JAYARAO B M.,FABIAN'A, KOVACS' S. The
role of intestinal volatile fatty acids in the Salmonella shedding of pigs.
ZentralblattFiirVeterindrmedizin.reiheB. Journal of Veterinary Medicine,
2010, 37(1-10):570-574.

FAR. el A e A TR, TR A R
[D]. B A ELAKE, 2016.

XIAO Y. Effects of three probiotics on methane emission, nutrient
metabolism and rumen fermentation in mutton sheep[D]. Aral: Tarim
University, 2016. (in Chinese)

Y, X, EHE, GKGER, R, FoOH, AL, EICLE, 5K
PR, RIEEHr. 2- TR TG T YT e AR T R M K 2T
SRR, ORI, 2015, 46(12): 2218-2226.

LIH Q, LIU Q, WANG C, ZHANG Y L, PEI C X, WANG Y X, GUO
G, HUO W J, ZHANG S L, LIU J X. Effects of 2 methylbutyrate
supplementation on rumen fermentation, enzyme activities and
cwllulolytic bacteria in pre and post weaning dairy calves. Chinese
Journal of Animal and Veterinary Sciences, 2015, 46(12): 2218-2226.
(in Chinese)

EMMANUEL D G, JAFARI A, BEAUCHEMIN K A, LEEDLE J A Z,
AMETAJ B N. Feeding live cultures of Enterococcus faecium and
Saccharomyces cerevisiae induces an inflaimmatory response in
feedlot steers. Journal of Animal Science, 2007, 85(1):233-239.
DAWSON K A, NEWMAN K E, BOLING J A. Effects of microbial
supplements containing yeast and lactobacilli on roughage-fed
ruminal microbial activities. Journal of Animal Science, 1990, 68(10):
3392-3398.

TR, EUR, MEE, RIF, BH, BEE, BRI, FKg .
PRGN 94 528 FRURT B0 W 03 J 5 4 9 W TE 21 4 20 fk Wl 0 5% ). o

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[E A b K224 3], 2009, 14(1): 111-116.

YUP, WANGJQ,BODP, LIUKL, LID, ZHAO S G, WETH Y,
ZHOU LY. Effects of Bacillus subtilis natto in diets on quantities of
gastrointestinal cellulytic bacteria in weaning calves. Journal of China
Agricultural University, 2009, 14(1): 111-116. (in Chinese)

SORZE, NS S IA ) e R R SR A 5 2T 44 ) A v A 2T 2
FIREI SR, B AR EE 2R, 2005, 36(2): 144-148.

HUANG Q S, WANG J Q. Effect of yeast cultures on
fibrolyticbacterial population and activities of fiber hydrolytic
enzymes in the rumen. Chinese Journal of Animal and Veterinary
Sciences, 2005, 36(2): 144-148. (in Chinese)

A R TR IS 1% B0 4 28 5 O B I AR A AR AR ) S
[D]. R BRI\ REKRF, 2011

HUANG S. The effects of Aspergillus Oryzae and Saccharomyces
cerevisiae on the rumen fermentation and the blood parameters of
dairy cow[D]. Daqing: Heilongjiang Bayi Agricultural University,
2011. (in Chinese)

aly, FLEOR, MEL, B LA R IR
HEHE, MU S IR, 2006, 27(1): 138-141.

JIN, KONG F D, ZU G R, JI Y, HUANG C M. Thepresent situatin
and developmental tendency of antimicrobial function of Bacillusnatto.
Food Research and Developmen, 2006, 27(1): 138-141. (in Chinese)
STUMM C K, GIJZEN H J, VOGELS G D. Association of methanogenic
bacteria with ovine rumen ciliates. Applied & Environmental Microbiology,
1982, 47(1):95-99.

PLATAP F, MENDOZA M GD, BFIRCENA-GAMA JR, GONZFILEZ
M S. Effect of a yeast culture (Saccharomyces cerevisiae) on neutral
detergent fiber digestion in steers fed oat straw based diets. Animal
Feed Science & Technology, 1994, 49(3—4): 203-210.

YOON I K, STERM M D. Effects of Saccharomyces cerevisiae and
Aspergillus oryzae cultures on ruminal fermentation in dairy cows.
Journal of Dairy Science, 1996, 79(3):411.

NEWBOLD C J, WALLACE R J, CHEN X B, MCLNTOSH F M.
Different strains of Saccharomyces cerevisiae differ in their effects on
ruminal bacterial numbers in vitro and in sheep. Journal of Animal
Science, 1995, 73(6):1811-1818.

PN FRGZR I 94 SA 2 FRAT DR 9 A A R L 88 T R K T
BERCEIRSE M. B B HUE R, 2012(9): 168.

SUN P. Effects of Bacillus subtilis natto on performance, rumen
fermentation and functional microorganisms in dairy cows. Chinese
Animal Husbandry and Veterinary Medicine, 2012(9): 168. (in

Chinese)
(SRR AR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


