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Abstract:  The fermentation of rumen microorganisms enables ruminants to effectively utilize nutrients such as crude fibers. As a natural
fermentation tank of feedstuffs, the rumen supplies important resources for the development of microecological agents, including cellulose,
xylan, fat and toxin-degrading bacteria, non-protein nitrogen utilization bacteria and methanotrophic bacteria, etc. However, most of the
microorganism in the rumen cannot be cultured, and non-standard artificial culture methods and processes further restrict the development
and utilization of rumen bacterial resources. Therefore, based on the existing research progress in the isolation of rumen bacteria at home and
abroad, this article summarizes the separation standard steps, the current research status and improvement opinions. It aims to provide a more
comprehensive technical reference and an overview of the current situation for the separation of rumen functional bacteria.
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Table 1 Types of culture medium and isolated bacteria

IR A Ir BRIk 2530k
Types of culture medium Isolated strains References
CMC-Na 73 B35 70k RIS . SRR IR . ACRIERERERROE 211 . AR IR . PRI . Jh s

EoE- i UL BT I S DN 01 S I - AN 1 o BN ot e N & ) N S R O I = 2 [7-8, 25, 29

MR SRR . YRR . AR . AR . RUTEE . EOAEE . R
JFFE . BT . KRGS . 2SR . RIRRE)R . OB NS EkE. bE
PRET. W2 MRSCEAE ., TROCEARE | WA TR FRIORE . T IRRE

44, 45, 46-55 ]

AT TAE R TR AT [56-57]
BECESREAOE WM. TR . B E AR . TR . R (58]

X Z N N |1 4%?“, N

ﬁﬁﬁ PRAMERI sk . FRRILIFE . OB AICH . JeRERT [59-60]
AL SRR ER . 2 SECRR . SR (44
R AEPREG . SFESFIOFE . AU, SN, ORI, SRR sERE
SB AT FFU . APRRERE . ICHE . SULAREEFTE . SRmRE . P B ’
CDC FALLT K2 AT . FeRE [ 62-63]
e SRR ISR RO SIS BATRE BIOBRE, BOBRE.
oo RIGERE . SemEkiE

SL g FRSLFTE, LT [66]
PARF B S B 67681
e 47 2

igiﬁﬁmgm%j PRSI ek [69-70]
MREREIE RN DN SRR . 2 N RS (711

W, o 105 BR B E A AR RBERETE M. Palakawong
A 20t P R B VA A ME BRI A
T P E BISHTRY - P BRITRR AT B R A Rl
(Actinomyces succiniciruminis sp. nov. ) F1H JH i 28 7
RIEM (Actinomyces glycerinitolerans sp. nov. ), JH
A AR IRE RISk, Simunek 25l i CMC A%
TR0 % 97 5 DA AR JEEIRE 8 0 8 31— A A PRAR A AR
RWEREAR R, RIB BT P4 R MRIEE. AR R AR
LFYE R B TE R ER > REDS T AR TEWE R, LT R
IR B ( Butyrivibrio ) FIZEZEAIFT A& ( Paenibacillus )
HONEEY DS v
24 LB B

FLIR T B R 4 2R TR B T AR IR, HAA B
AL TEOE . MRS J& 70 B LRI A G IR 2k, 1l
& MRS [5] {455 FR SR T CaCOy, AT 3 3 75 45
(930 BL) AL 7 FLIR T . Ghali %5 ™ ffi i MRS
B SR IR IR BRI RE )R8 18 W0 0 B 21 8 PR A BEBR 1A
( Streptococcus bovis ), - FEER BB IA R A&7 A= FLIR 1)
FEEHRZ —. BRGNS I MRS 53RN

H BB T3 5 A8 9 MR LR 2R, FI1E
S NI L A S 18 RO R
SrESE) 75 BRELRR W, MR T 11 AR SRR
oA SLRE 33, A e e 0 (i SL R AR 3%
HLr 5. MRS IR LA fL 3R AT 60 bRALIR A -
TEVETRFLAT A . R EEFLHF R AFLIT R ZR T . Jensen
4 UV SL. Brihhs R AL AG 25 475 3 Fs 37 5
I8 AR B 168 BRFLIR A - ALAE IR AR LA I
( Lactobacillus acidophilus ). FFLFFEE (L. brevis ), 1l
[IRFLFFIA (L buchneri ), THEFLFFR (L. casei ). &
FEFLAF (L. fermenti ). FHYIZLFFIE (L. plantarum ).
25 EaRGEMAGYH

TR 1A T i AR 1B O SR IR A T A
PR 2> B, Mesweeney 25 10 fdi i BHI (i /> 32 W B
NREGFREL ) Mo BT o B bk, ] RHS 1 SR 2
Bl HCL whise, 0 ok Y obk 88 P R v, b —
PRAR 11 R A3 B o ) TR T PR B R AT T
( Clostridium botulinum ). Blackburn 25 ™! ) Ji% % 1
N LRI EIM Z R I E b s s g



298 4 % ¥ A @ 48 Biotechnology Bulletin

2021,Vol.37,No.8

fift R, LFERETER BT ( Bacteroides amylophilus ).
T R N B )& (Butyrivibrio ). #r H B ¥ M ¥ 8
( Selenomonas ). TR EH J& ( Lachnospira ) Fl— L&
RAFR, E AR DIREA R RT3 —2Kw, HE
HAR 22 AR RS N R R PO 1, 5 R
AT B 11 oy 32 SRR 15 77 B0k 4 1 R A A T T
8, A BRI T WS A R R Y 3
LRI 25
26 FEEBIEMEANS B

FEEARILEARENSE . B A8,
BEEE B S 2 s AR AT, 98 8 U W RE RS K
EEARMER A, HAHEAEREER, LR
A SRR A W S w2 — Bellingham %L 60
Tl TR IR AR S AR RO IR, R B P s 3 —
BRAE S TER B T B DU IR PO BT PR John 25 177 K
TR T R AR B W58 b B — R IR R R A 1A
J& T R4 HIE SR ( Selenomonas ruminantium )s
Cook '™ LASR AR R 532 B RUIE, AR 2EH 1 h oy
BIRRMARE L (D50 1200 FRANR H R4 6 HhA
A IR R G, AR HAGERIEIE ( Staphylococcus ),
FTEFLATE (L casei ) FAF=Son i AKE ( Kleisiella
aerogenes ), B TR MR JB T EE 5 % Ak b B Ly
KRR 5 J3oh, Rl RS, bRtk
VR R W b P e e ELERE B b = B R S B R T
( Streptococcus faecium ). AFE 112 FEAR TR 1) 5325 0 146
AN FIAT B T3 1 S 2 s s Al 8 B A RCR,
B AR ARDRE A
2.7 WIRBRAH B

SEp SR i A 23 S L S L R 7 [ G ]
A P PP R P e A A I — SR T 40 il
LA VR Ay O — B I 1 NMIS WA F5 B 7 H ot
AAEPEE, A EERIIR SRR E R 6, FE
FH NMS [ A AR & beE A ST 08, alifbfe1e
FI|— Wk B AT 138 ( Methylobacterium ) H b8 AL B
TR RO I 8 S A T 1 A 7 o A B TR S 2 3
PIBeHER, I8 A AR, PRI
2.8 FEMMEMEAY LB

A BCRLERA B S A TR, LR
AL BT MRAE, TREHR TR MR S R

AL, PUERRETER, XTSI MR K A e g
YR, Intanoo %5 107 M-I 8 P43 B 45 1 At
B EERER Bl BRIk, (UG 3 PRIFFRETEA 3 ARAH1A
Mg T R MR ( Enterococcus Sfaecium ). G HE
FF# ( Corynebacterium phoceense ) FJ&E B HEFFIE ( C.
vitaeruminis ) FAN, B IR E P USN 200 ng/mL
(3, KR ELISA J7 ik il K 4 5 5
T, R BRI T AR T AT T R AR A b i
FI5Ye. Zhang 570 AR B — DR B 35 5L M A
T8 W o3 B B — RRFE AR Y DO RG 5 25 AT R ( Ba-
cillus subtilis ), SFREFFRIRY A R EA N 1. 22%
FAE T IR A B TR A, et
R E ARSI R A, P A [ R A
T YA AR AT o B ik, TR IR N RAE
R E BT R TE ), AR 4 BREEAR T
MIBERR, 53008 T 7 8 2 @B T & ( Providencia
alealifaciens ). VLI & ( Kerstersia ). 5 % Ja & 14
J& ( Providencia sp.) FZEMABFAETE ( Pseudomonas
aeruginosa ). Sharma %5 FOfi R AL R R AL
T E PR R 3 BRI TR, R TR v R A IR
& (Klebsiella variicola ) (2 % ) FFR 5 HIAH (K.
pneumoniae ), HREREME 9- FRIL -10, 11- ZEE 50,
— MR IR PR — RS
Ji%4y, Camboim %5 (501 1 Pimentel 25 [36] A3 g RS
AR BRI IR AL, IR & 23 25 31 2 #R %
R RN TERR, 4338 T Pigmentiphaga kullae .
Ancylobacter dichloromethanicus 13 JIfy Bk 8 ( Entero-
coccus faecalis ). SFARFFHEJEARFF ( Bacillus sp. )-
29 FREBEHERG B

Hobson 25 71 (i FH W7 JBRAT-TH 11 o 855 75 S 0t 5,
AT 20 2P B YA R SRR B9 LA SR, AR
Wi B R B 51 0 A o Faruque 25 Y = TR
b TR R = R T I P A A B SR R R RE SR IR,
MR B B ) 3 RRAR DR A 1. Henderson !
DA RERR HHM R B, 047 I 107 e e T 1
B, HAT G 05T L A A T 2 e R R EIE R
R Z W I L i 4 T UM T Sk o — B U, L
HPELL AR R, R B R R R 6 R R
Bl v 0 I BOTE R, RAE AL YD R IR R ECI . Priji



2021,37(8) PE%% : JE.’?

B AN ) 73 B B IR 299

2t DV AR A A RE VR R, o 7 O A
AEAIMTE RS SR PR L, 0 25 3 — R IR 107 T
PR, HRSEE I E PRI BB 7 A B IR S
PEIFTIE YRR ), AT A S
2,10 FIRIMMAKZBR ARG 2B

PEBREATR AN R A TR A bR, AT T BRI R El
BRI K W, 224045 1 (i VR i v Bk
MR BEIARR N = ARG R B T S B AR, S5 R
My 2 PRS-l 23 B AR 300 R IR TS, R i v )2
O SRR R 31 MR BRINERAE I RY R, AE
BB AR B T B B R . BRmens 0
DL 2 BE AN KK O F2 R IR ) o A B 3R R A T 1
BrEtE, TEEEHIRIEPIINSCRER 2= M SRR,
DI SRS - AR W py A4, Wb R T, JE Al
FHESTIN 1 B M0 2 4 24 R B 2 1 R IR B R A T TR A
IR, PRI TS A AR O A, ZailE e
T NAFJ0 B TR e SRAT 28 BR 7 BRFARR I . T3 A1,
FRR D IR BUIR R SRS B H 18 MR,
M I S SR R S e v R AR R, KR 3 Ak
REE - AR R, 77 it = 8 T 28 AT 1)
( Bacillus ).
3 EoEIESERIVK

IR B SE R R AR AR 2, BRI
B, IR b S R R A BE AR AT
H

)L26J

W (Actinomyces succiniciruminis sp. nov. ) 260

i 2k & (Actinomyces glycerinitolerans sp. nov.
2 /N B8 1 (Micromonospora ruminantium sp.
nov.) 7 R 4 R IR B (Kurthia ruminicola sp.
nov) " A FIFF I (Leucobacter ruminantium sp.
nov.) "M N M EER ( Megasphaera hexanoica sp.

nov. ', Oscillibacter ruminantium Sp. nov. B

AR, I R AR B R R, R AT AR
ZARERSFR T8 SoE MINREIZ . B H AR
NEYER R B T E G, 25 i 3R R R 23 B
JEE R ZE, W H AT B R B TR
Fbo FAETE B oo B 5 2 Fh 27 4E R A% 1A
145 4 /N 3 ( Micromonospora ruminantium
spnov. ) "7 K FF B (Escherichia coli) M7,
2F 4 L FT ( Cillobacterium cellulosolvens ) . lOO]\ 7

2448 T IR I ( Butyrivibrio fibrisolvens ) SN = F )
98 8 BR 1 ( Ruminococcus albus ) "' ¥ 8,95
BRI (R. flavefaciens ) LU 01102 e gl g s 20 R AT
W ( Fibrobacter succinogenes ) [ JE i 24 F= 35 R AT
®i ( Bacteroides succinogenes )] '76J\ o A ZF B AT
( Bacillus licheniformis )[75]\%1"?%)%( Enterobacter Vﬂ\
AR R (Shigella) V' 2, HOATIN N H
rh i TSR 3 R ET Y R R AR TR 7 B A R 22 4R
¥ & ( Fibrobacter succinogenes ). Mo S Bk
( Ruminococcus albus ) V¥ B EKE ( Ruminococcus
flavefaciens ) " BARSEDL, IR E RN E A £
YER PRI A E 2R TR T ] (Actinobacteria ),
DA T2 )8 FIRRER ] (Firmicutes ) '™, HA7
YL R ERRE I AR A, (HR YRR
FE IR R P TR AR T 1E TAEAN T 2 AR R

4 BREITBAENEHSEY

B RSP AR ERE SR TR R
SRS, ST S N TR S0, ARMEE 4
IR E NSRS R, BCH AN TR SR
FrTReE A H PRI E AR, Al TERER
IR BR S, RBORCE 1R S A R ok
PR IR Ok, SRR IRHORER ST, ik, H
T T8 15 20T 20 B I B 35 7 kAT A Rl et g gt 2
23 [a]

4.1 AR BRI FE ]

REB 3 1496 15 A TR L A Y 3 A TR R R T R
PRAAH, ™k DR SR 43R PR 2 R B BE A% 20 2 2R
HOCHE bR RO — o TR PRSI B 1Y
PO, ™ DR AR B 138 HE R, FEOR AN 1%
AMiEBUREE St S I U o8 N RN 1/ T e (S ]
Hungate TR TR HA B A ) A IR AR R, (HL
SRR TRV B AL AR R A S ), BRI T
W5 T o AR PR AR LA 3l 1Y) i ) Bk e st
B T IRE AR A R S, B AT
S 2RI A A S PR T AR T e B 3 AR
DRI TR R R PR AR R TR A SRR T RR
Ao
42 BRI

B IE R o A RE S A 1 B IR R IR



300 4 % ¥ A @ 48 Biotechnology Bulletin

2021,Vol.37,No.8

TREFRBOTIRE, BRI B AR IR R
FENRZ —. HETR B IRE A IR
FLAEFERERS 7 2 2R E S E R, (Al Tk
LR IR ISy T A P e — PR BRI, AR
ZIA RN RERE B i R AL, I, TR
B BRI e Y JC R T LR S 8
AN B R A K AR A B R L R A K
T, WS R BRGSO R VR RS 3
PRFRAE KR, [ Bt B % S HF B 2 A i R A=
R UL R T LB SE R R, 2t
OKEE, B Br T JCHEE B WuEsm, 7
AR5 R WIS SR B 1Y 3R AT RE 23 XIS 3 AR M i
AR A, A 22 A AR 0 R B 25 S BT
BRI A TR AH LA IR A S Y Chaol 545, HE
W3 F R BRI A K 2, G522 BRI — 2
FREE AT T — 2D 5E
43  RrRA KRR

AR PR R B ST R, B S
ke, T A N 1 TR R A A R R 1 R R
HER RIS Jone 25 WY E 37°CIR AT B3R IR
LM RH B 12 J B R B 7%, Van 1
PE R R R R ST A 39°CHE R 4 T, (A
JEREPRPERE IR LT E G5 1 8. Battumur 25 170 A
B P BT B 38°C 3R 2 A, Ik, ek
17988 TR AT B R TR, 3 Y K TR AR A3 2 A R R
BFE], AT DA S 2] — e A i A 02 () TR o
5 RE

[ AT AT IR O & OO R T A
ez A, HE ST R R YRR IR AR,
T E AT Z IR SRR . E PR A g
DA AR T RN R SR RO R R R
TERIIR R B THEGEFRER, DURAEFR |
R SR | Rl R RO IR RN BT R AR WA
WG, ARG IR AL B ARG A AR AETE
BRI FRMAEY, R T N TR FREE R
BRI, BERSE SRR /NG54 o aak ) ] s T BB sl A
Yy, DT SEBRAE B 26 i R AR PR R RS alids 5, I
e T AR Rl Bh R b B R 8 SR AR
S CRIEFRMAEY)” WG, R R R A

PGB AT N —AFREEREA RS2 B 10 000 2418
PREGET SR AR ERORT B He SR BRI R R A 588
FGE 1537 75 1A H 4 DR 7 S92 36 = fek P 199 20
HoR, HARBEAC AL E xR 5 4= 70 5
B IR S BE Y 2 8y I T T ARG, g
R BB A B TR 8 R BT IO AR AR
TR RO BAT A O TN (B S 4E 5

& % #k

[ 1] Hungate RE. Studies on cellulose fermentation : I11. The culture
and isolation for cellulose-decomposing bacteria from the rumen of
cattle [ J | . Journal of Bacteriology, 1947, 53 (5) : 631-645.

[ 2] Zeineldin M, Barakat R, Elolimy AA, et al. Synergetic action
between the rumen microbiota and bovine health [ J | . Microbial
Pathogenesis, 2018, 124 : 106-115.

[ 3] Scharen M, Frahm J, Kersten S, et al. Interrelations between the
rumen microbiota and production, behavioral, rumen-fermentation,
metabolic, and immunological attributes of dairy cows [J]. Journal
of Dairy Science, 2018, 101 (5) : 4615-4637.

[ 4] DePeters EJ, George LW. Rumen transfaunation [ J | . Immunology
Letters, 2014, 162 (2) : 69-76.

[5] F4k3C, £, FIRME, & I0FR S 5EERED 2R
P [1] . S TR . 2015, 27 (8) : 2559-2571.

Wang JW, Wang LZ, Yan TH, et al. Rumen and fecal microbial
diversity of goat [ J ] . Journal of Animal Nutrition, 2015, 27 (8) :
2559-2571.

[ 6 ] Shen JS, Chai Z, Song LJ, et al. Insertion depth of oral stomach tubes

may affect the fermentation parameters of ruminal fluid collected in

dairy cows [J 7. Journal of Dairy Science, 2012, 95 (10):5978-

5984.
(7] 280 . FBA- B £ R 3R R S A B P T e . 2 TR

FERFFY [ D] . 220 22 ISR, 2015.
Li RX. Screening, identification and fermentation of cellulase-
producing facultative anaerobic bacteria in Rumen of yak [ D ] .
Lanzhou : Lanzhou Jiaotong University, 2015.

(81 A= BHBH . % 1 50 W50 7 2T 20k 3% A 0 1) 9 8 2 I ™ g 2% A
B [D] . K&« JGE TR 2017.
Li YY. Isolation and identification of rumen cellulose-degrading
bacteria and optimization of enzyme production conditions [ D ] .

Dalian : Dalian Polytechnic University, 2017.



3

2021,37 (8) JEESE L E

R 1473 7

RE IR it e 301

[9] Kim ET, Min K, Kim CH, et al. The effect of plant extracts on in-
vitro ruminal fermentation, methanogenesis and methane-related
microbes in the rumen [ J ] . Asian-australasian Journal of Animal
Sciences, 2013,26 (4 ) : 517-522.

[ 10 ] Intanoo M, Kongkeitkajorn MB, Pattarajinda V, et al. Isolation
and screening of aflatoxin-detoxifying yeast and bacteria from
ruminal fluids to reduce aflatoxin Bl contamination in dairy cattle
feed [ J] . Journal of Applied Microbiology, 2018, 125 (6 ) :
1603-1613.

[11

[

Boonsaen P, Poonko S, Kanjanapruetipong J, et al. Isolation and

partial characterization of Ruminococcus flavefaciens from the

rumen of swamp buffalo [ J | . Buffalo Bulletin, 2019, 38 (2) :

311-325.

[ 12 ] Joshi A, Lanjekar VB, Dhakephalkar PK, et al. Liebetanzomyce-
spolymorphus gen. et sp. nov. , a new anaerobic fungus ( Neocalli-
mastigomycota ) isolated from the rumen of a goat [ J ] . MycoKeys,
2018 (40) : 89.

[13

[

Abrao FO, Duarte ER, Pessoa MS, et al. Notable fibrolytic enzyme
production by Aspergillus spp. isolates from the gastrointestinal
tract of beef cattle fed in lignified pastures [ J ] . PLoS One, 2017,
12 (8): e0183628.

[ 14 ] Hanafy RA, Elshahed MS, Youssef NH. Feramyces austinii, gen.
nov. , sp. nov. , an anaerobic gut fungus from rumen and fecal
samples of wild Barbary sheep and fallow deer [ J] . Mycologia,
2018, 110 (3): 513-525.

PR IR S SRR AR AR DG T R R S5 F AT D L N -
WINRE: 2013

Lu YF. Analysis of protein-degrading bacterial community structure

[15

[

inrumen [ D ] . Yangzhou : Yangzhou University, 2013.

BRR, I G, S TR X R IR
AL RREM I B 508 [T ] . Flka=di |, 2017, 26 (6) -
176-184.

[16

[

LiJY, Yuan XJ, Dong ZH. Isolation and identification of facultative

anaerobic cellulose-degrading bacteria from rumen of yak in

Tibet [ J | . Acta Prataculturae Sinica, 2017, 26 (6 ) : 176-184.
[17

[

Zhang YH, Zhang ZY, Dai L, et al. Isolation and characterization
of a novel gossypol-degrading bacteria Bacillus subtilis strain
RBS [ J | . Asian-Australasian Journal of Animal Sciences, 2018,
31 (1):63.

[ 18 ] Habu JB, Ndams IS, Wuyep PA, et al. Isolation and biochemical

characterization of anaerobic bacteria strains from discarded
ruminal contents of Nigerian breed cattle and preliminary
evaluation of its suitability for animal feedstuff [ J | . Biotechnology
Journal International, 2017 : 1-13.

[ 19 ] Pang J, Liu ZY, Hao M, et al. An isolated cellulolytic Escherichia
coli from bovine rumen produces ethanol and hydrogen from corn
straw [ J ] . Biotechnology for Biofuels, 2017, 10 (1) : 165

[ 20 ] Miguel MA, Lee SS, Mamuad LL, et al. Enhancing butyrate
production, ruminal fermentation and microbial population through
supplementation with Clostridium saccharobutylicum [ J ] . Journal
of Microbiology Biotechnology, 2019,29 (7) : 1083-1095.

[21

[

Yang Y, Zhou MX, Hardwidge PR, et al. Isolation and
characterization of N-acyl homoserine lactone-producing bacteria
from cattle rumen and swine intestines [ J | . Frontiers in Cellular
Infection Microbiology, 2018, 8 : 155.

B, BN, SR, S . — BRI DB Actinomyces ruminicola
M ar e e (] . s ERUE 25222455, 2000, 21 (9) + 809-

811.

[22

[

Hu P, Xia C, Wu L, et al. Isolation and characterization of one
strain of rumen anaerobic bacteria Actinomyces ruminicola [ J | .
Chinease Journal of Microbiology, 2009, 21 (9 ) : 809-811.

[23 ] 08, mEE . BOEE, & . U E P8BSR
moy e V] . shiBesAiltiE 2008 (10) : 25-28.
Wu XZ, Gao YX, Ou HL, et al. Isolation and characterization of
Selenomonas ruminantium fron the rumen of Dairy Cows [ J ] .
Progress in Veterinary Medicine, 2008 ( 10) : 25-28.

[24 ] BXWIAE . 12 BRE 'S A0 TR Y 5388 SO N RRAT TR B e
KRG [ D] RIR - BRIBITA—K R R, 2008.
Zhao MJ. Isolation of 12 strains of rumen bacteria and effects of
Propionibacterium acnes on rumen microbial fermentation [ D ] .
Daqing : Heilongjiang Bayi Agricultural University, 2008.

[25 ] AREEZS . SRR L B er o TR s % (D] . 5t

SRR, 2016.

Lin CH. Isolation and identification of rumen Butyrivibrio
fibrisolvens from Guizhou Black Goat [D]. Guiyang : Guizhou
University, 2016.

[ 26 ] Palakawong NAS, Pristas P, Hrehova L, et al. Actinomyces
succiniciruminis sp. nov. and Actinomyces glycerinitolerans sp.
nov., two novel organic acid-producing bacteria isolated from

rumen [ J ] . Systematic Applied Microbiology, 2016, 39 (7) :



302 4 % ¥ A @ 48 Biotechnology Bulletin 2021.Vol.37.No.8
445-452. (9):59,13.

[27] XU . 32 KERE S T Y im0 40 85 Y 8 S i5E [ D 1. [35] Lee GH, Rhee MS, Chang DH, et al. Oscillibacterruminantium
WERIRE « ISl K2, 2007. sp. nov. , isolated from the rumen of Korean native cattle [ J] .
Liu YC. Isolation, identification and preservation of 32 fiber- International Journal of Systematic Evolutionary Microbiology,
degrading strains in rumen [ D ] . Hohhot : Inner Mongolia 2013, 63 (6) : 1942-1946.
Agriculture University, 2007. [ 36 ] Pimentel MFA, Paula DAJD, Rietcorrea F, et al. Detection and

[ 28 ] Zhang L, Chung J, Jiang QQ, et al. Characteristics of rumen
microorganisms involved in anaerobic degradation of cellulose at

. RSC Advances, 2017, 7 (64 ) : 40303-

various pH values [ ] |

40310.
(29 ] Figls: . A0 LI V5 27 20k 22 N Ak 81 119 0 120 M T AR 5 e T
¢ [D ] st ERERERE , 2018.

Wei HT. Isolation, identification and degradation characteristics of
rumen cellulose-degrading bacteria from sika deer [ D ] . Beijing -
Chinese Academy of Agricultural Sciences, 2018.

(30 ] W Je i . ) PRI BT 49 20 2 0 25k 2 % 1 o 70 7 L T g
HUH A PR A R 022 BT [D ] Al o Al 5k
2014.

Yang LL. Isolation and screening of feed lactic acid bacteria and
preliminary application of live bacterial preparations in perinatal
dairy cows and newborn calves [ D] . Shihezi : Shihezi University,

2014.

[31

[

Latham EA, Pinchak WE, Trachsel J, et al. Isolation,

characterization and strain selection of a Paenibacillus species for

use as a probiotic to aid in ruminal methane mitigation, nitrate/
nitrite detoxification and food safety [ J | . Bioresource Technology,

2018, 263 : 358-364.

[32] Kim MK, Kim ET, Kim SB, et al. Kurthia ruminicola sp. nov. ,
isolated from the rumen contents of a Holstein cow [ J | . Journal of
Microbiology, 2018, 56 (1) : 36-41.

[33

[

Rawway M, Ali SG, Badawy AS. Isolation and identification of

cellulose degrading bacteria from different sources at Assiut

Governorate ( Upper Egypt ) [ J ] . Journal of Ecology of Health &

Environment, 2018, 6 : 15.

SRHE DL, R, S A 2 AR A 04 8 i R

ARBAHREFE IR ) FE e AR FURRBR B h B M AFSE (7] . &4
SRR 2013,34 (9) : 5-9, 13,

[34

[

Su SF, Hu H, Wang C. Isolation and identification of Bacillus
subtilis and cloning of xylanase gene and its expression in

Lactococeus [ J | . Animal Husbandry and Feed Science, 2013, 34

[37]

[38]

[39]

[40]

[41]

—
~
S}

A

[43

[

[44] 2=

characterization of bovine rumen microorganisms resistant to
sodium fluoroacetate [ J | . Acta Scientiae Veterinariae, 2019, 47 .
1627.

Sousa A, Ramiro RS, Barroso-Batista J, et al. Recurrent reverse
evolution maintains polymorphism after strong bottlenecks in
commensal gut bacteria [ ] | . Molecular Biology and Evolution,
2017,34 (11) : 2879-2892.

Oskouei DD, Bekmen N, Ellidokuz H, et al. Evaluation of different
cryoprotective agents in maintenance of viability of Helicobacter
pylori in stock culture media [ J ] . Brazilian Journal of
Microbiology, 2010, 41 (4 ) :
SRIRFE | BRI ORTR T B OHEER [ ) ]. Rk
2019,39 (3):

1038-1046.

105-108.

Guo LL. Preservation methods and preservation key technologu of
microbial strain seed [ J ] . Journal of Microbiology, 2019, 39 (3 ):
105-108.

Rojas-Tapias D, Ortiz-Vera M, Rivera D, et al. Evaluation of
three methods for preservation of Azotobacter chroococcum and
Azotobacter vinelandii| J |. Universitas Scientiarum, 2013, 18 (2 ):
129-139.

Morgan CA, Herman N, White PA, et al. Preservation of micro-
organisms by drying ; a review [ J ] . Journal of Microbiological
Methods, 2006, 66 (2 ) : 183-93.
Miyamoto-Shinohara Y, Imaizumi T, Sukenobe J, et al. Survival
rate of microbes after freeze-drying and long-term storage [ J | .
Cryobiology, 2000, 41 (3): 251-255.

Caldwell DR, Bryant MP. Medium without rumen fluid for

nonselective enumeration and isolation of rumen bacteria [ ] ] .

Applied and Environmental Microbiology, 1966, 14 (5) : 794-

801.
R TR FNET A 3R AR 1A 1) 20 1 S RS S IO IR R 8
B [ D] IRJREE « ARJEfll ke |, 2013

Li H. Isolation of nitrogen-fixing bacteria and cellulolytic bacteria

and the effect of its mixed addition on rumen fermentation [ D ] .



3

2021.,37(8)

FEEAE T R RS

RE IR it e 303

Harbin : Northeast Agriculture Univesity, 2013.

[ 45 ] Sari WN, Safika, Darmawi, et al. Isolation and identification
of a cellulolytic Enterobacter from rumen of Aceh cattle [ J ] .
Veterinary World, 2017, 10 (12 ) : 1515-1520.

[ 46 ] ARARZT . PRI . TKOAR . 9 5 LFAepefi i bk gt [0 ] . 19
BHERE 2012 (1) 5-8
Zhu JH, Sun MJ, Zhang YG. Screening of the ruminal rice straw
cellulolytic bacteria [ J ] . Feed Review, 2012 (1) : 5-8.

[47 ] JRaker . 9 B WA CDB 3 B S R A=A kg

FIBESE [ D] LRI « ARdefolk sy, 2012,

Zhu JH. Study on isolation, characterization and production

performance of ruminal facultatively anaerobic cellulose-

decomposing bacteria in Holstein Cows [ D ] . Harbin : Northeast

Agricultural University, 2012.

SCORIE T« A SR L R B AT L 3RO TR Y 20

L AR W DR A RTATSE (D] . S8 ARSE B

2013.

[48

[

Maierhaba A. Isolation and identification of cellulose decomposing
bacteria in rumen and its application in silage [ D | . Urumqi :
Xinjiang University, 2013.

TEREE NIRRT, AR BN, AF L FEARRE AT A R A
T RE (] R FE R E | 2016,43 (2) : 527-534.

Jiang PP, Liu JC, Zou ZK, et al. Isolation and identification of

—
I~
o

s

Cellulase Producing Bacillus from rumen of yak [ J | . Chinese
Animal Husbandry and Veterinary, 2016, 43 (2): 527-534.

[50 ] ks, XWE , 22 . 7 4F 24 W T #k Pantoea ananatis PS5

BT M R EDESE [T 1. A AR =Bl : A ARBI2 R
2013,28 (4): 80-84.
Hou JH, Liu T, Li TX. Screening, identification and activity of
Cellulase Producing Strain Pantoea ananatis P5 [ J ] . Journal of
Xuzhou Institute of Technology : Natural Science Edition, 2013, 28
(4):80-84.

[51] EINIE . 2R W ML DR ST 2k 28 53 R A 14T 144 15 M B e

FAENESE [ D] FE - IR, 2008.

Wang BX. Isolation, identification and enzyme production of

facultative anaerobic cellulolytic bacteria from rumen of dairy

cows [ D ] .Tai’an : Shandong Agricultural University, 2008.

FIRLE , SEIEIAS , JRMORE | 45 . 95 B AR AT e R i

B & %8 (1] PUALRMBHE =240 - AR,

2009, 37 (3): 35-42.

[52

[

Wang BX, Chai TJ, Su PC, et al. Isolation and identification
of facultative anaerobic cellulolytic bacteria in rumen of dairy
cows [ J] . Journal of Northwest A & F University : Natural
Science Edition, 2009, 37 (3) : 35-42.

[53] SZ/000, AR, R, SF . JECAN IR B T T L S 2 AT
W B sE ()] shifBiik | 2016,37 (4) : 70-73.
Peng ZL, Zou ZK, Zeng Z, et al. Isolation and identification of
Cellulase Producing Bacillus from rumen of Tibetan sheep [ J ] .
Progress in Animal Medicine, 2016, 37 (4 ) : 70-73.

[54] fE/NE VERCESIRGEE [D ] . RIE - ORI TR
2017.

Cui XL. Screening of functional microorganisms [ D | . Dalian :
Dalian University of Technology, 2017.

(55 ) JEIAEWL . 95 15 21 200 B Arp 200 1 (0% 2 185 %8 50 T 27 20 e A e A 0T
52 [D ] WERIIERY - WSS RAL RS, 2014,

Zhou FF. Isolation and identification of rumen fiber degrading
bacteria and study on fiber degradation characteristics [ D ] .
Hohhot : Inner Mongolia Agricultural University, 2014.

[56 ] Sewell GW, Aldrich HC, Williams D, et al. Isolation and
characterization of xylan-degrading strains of butyrivibrio
fibrisolvens from a napier grass-fed anaerobic digester [ ] ] .
Applied Environmental Microbiology, 1988, 54 (5) : 1085-1090.

[57 1 FRULOL . 245 15 20 7™ A SR Rk 10 77 2 B FCAt e BT 4
W LD ]ORN - el k7 | 2013.

Zhang BB. Screening of xylanase-producing strain from bovine
rumen and its enzymatic properties [ D ] . Zhengzhou : Henan
Agricultural University, 2013.

[ 58] Blackburn TH, Hobson PN. Further studies on the isolation of
proteolytic bacteria from the sheep rumen [ J | . Microbiology,
1962,29 (1) : 69-81.

[ 59 ] Cook AR. Urease activity in the rumen of sheep and the isolation of
ureolytic bacteria [ J ] . Microbiology, 1976,92 (1) : 32-48.

[ 60 ] Bellingham F, Bernstein M. The isolation of a biuret degrading
bacterium from the rumen of a sheep [ J ] . Journal of Applied
Microbiology, 1973,36 (1) : 183-186.

(61 ] R0, B, A, 5 . S NIRRT TR A9 23 5 45 M X
F e R (1] . BUESAAIR, 2009, 49 (2) : 168-
173.

Wu L, Zhao MJ, Xia C, et al. Isolation and identification of

Propionibacterium acnes and its effect on rumen microbial



304

4 % ¥ A @ 48 Biotechnology Bulletin

2021,Vol.37,No.8

[62

[

fermentation [ J ] . Acta microbiologica Sinica, 2009, 49 (2 ) :
168-173.

ERHIR , Seu , B, 45 . WA R B h BRI e e ) ]
IR OB PBE |, 2008 (9) : 65-66.

Zhao MJ, Wu L, Xia C, et al. Isolation and identification of
Enterococcus faecalis from rumen of dairy cows [ J | . Heilongjiang

Animal Husbandry and Veterinary, 2008 (9): 65-66.

[63 ] Timgss . [ )1 T8 HOML IR B HEe 138 AR RO 98 R I 52

[ 64

[65

[

[

W [D ] HRZREE  AdERl R |, 2006.

Yu HL. Effects of lunamonas ruminant and its transposable
engineering bacteria on rumen fermentation of sheep [ D ] .
Northeast Agricultural University, 2006.

ERG . TR (B ) 173 88 %00 S B4 TR e A K
Je—GRRRIAF AL RCRIESE [ D] %« PEALRAMRBHE R |
2017.

Harbin :

Wang DG. Isolation and identification of feeding species ( strains )
and effect of compound bacteria on degradation of Corn Meal-rice
bran [ D] . Yangling : Northwest A&F University, 2017.

PRI, SRMRA | SRGRG, 2 ARRIARIRS L B I IEFL IR H 2>
HUEE (1] BRIEITERE P 2017 (5) £ 108-110.

Xu F, Zhang HR, Zhang XM. Isolation and identification of
lactic acid bacteria from gastrointestinal tract of goats of different
ages [ J ] . Heilongjiang Animal Science and Veterinary Medicine,

2017 (5): 108-110.

[66] ek . EBEM  ARIEH) . 4 /0 FITHIRILRF 04 5 %

[67

[ 68

[

[

GE [T HEE R 2009,29 (3) : 288-291.

Long M, Fu XY, Zhu LQ, et al. Isolation and identification of acid
fast Lactobacillus from rumen of cattle [ J] . Chinese Journal of
Veterinary Medicine, 2009, 29 (3 ) : 288-291.

R e . BR AR ST TR0 0 8 S M R EREE [D ] R
P s BTN B2, 2009.

Ou HL. Isolation, identification and fermentation characteristics
of Actinobacillus succinogenes [ D | . Daqing : Heilongjiang Bayi
Agricultural University, 2009.

RV BRIEEIE N 5F L BRI AT 1 43 B 4 e M OH
X E R BRI [T ] . AR AR L 2009, 21
(8): 737-740, 742.

Wu L, Ou HL, Xia C, et al. Isolation and identification of
Actinobacillus succinogenes and its effect on rumen microbial

fermentation [ J | . Chinese Journal of Microbiology, 2009, 21 ( 8 ):

[69]

—
~
(=)

[

—
~
—_

[

[73]

[74]

[75]

[76]

[77]

[78]

[79]

737-740, 742.

BT MR, L0, 45 R E R AIR T A TR A
SOEDFEL) ] GBI A FARFREIR , 2007, 300 10 ):
1327-1330.

Li XJ, Pan LJ, Jiang ST. Isolation and identification of succinic
acid producing bacteria from rumen of bovine [ J | . Journal of
Hefei University of Technology : Natural Science, 2007, 30 (10 ) :
1327-1330.

WRIGEIE . BEFARR ™ A 00 70 B M85 . TR & BRI R MM
e ID]. &I« AAE TR, 2007.

Chen XH. Isolation, identification, mutation breeding and optimal
fermentation conditions of succinic acid producing bacteria [D].
Hefei : Hefei University of Technology, 2007.

BT R RS A LR DT AR T 1 3 B
L AISE [T] . 3SR, 2015,27 (6) : 1921-1927.
Li XF, Xu W, Zhang SN. Isolation, screening and identification of
tannin degrading bacteria in rumen of goats [ J ] . Chinese Journal
of Animal Nutrition, 2015,27 (6) : 1921-1927.

Macpheeson MJ. Isolation and identification of amylolytic
Streptococei from the rumen of the sheep [J ] . Journal of
Pathology Bacteriology, 1953, 66 : 95-102.

Jung D, Seo D, Kim G, et al. The effect of resistant starch ( RS)
on the bovine rumen microflora and isolation of RS-degrading
bacteria [ J ] . Applied Microbiology Biotechnology, 2018, 102
(11) : 4927-4936.

Hobson PN, Mann SOJ. The isolation of glycerol-fermenting and
lipolytic bacteria from the rumen of the sheep [ J ] . Microbiology,
1961, 25 (2) : 227-240.

Sanusi OA. Identification and enzyme production of a cellulolytic
Bacillus-strain isolated from moose ( Alces alces ) rumen [ D | .
Elverlum: Hedmark University College, 2013.

Hungate RE. The anaerobic mesophilic cellulolytic bacteria [ J ] .
Bacteriol Rev, 1950, 14 (1) : 1-49.

Kolinko S, Wu YW, Tachea F, et al. A bacterial pioneer
produces cellulase complexes that persist through community
succession [ J | . Nature Microbiology, 2018,3 (1) : 99-107.
Reichardt W. Impact of the Antarctic benthic fauna on the
enrichment of biopolymer degrading psychrophilic bacteria [ ] ] .
Microbial Ecology, 1988, 15 (3): 311-321.

Jung HG, Varel VH. Influence of forage type on ruminal bacterial



3

2021.,37(8)

JERAE S

ALSY

M B9 2 B IR o b J 305

populations and subsequent in vitro fiber digestion [ J ] . Journal of
Dairy Science, 1988, 71 (6) : 1526-1535.

[ 80 ] McDonald JE, Rooks DJ, McCarthy AJ, Methods for the isolation of
cellulose-degrading microorganisms [ J ] . Methods in Enzymology,
2012, 510 : 349-374.

[ 81 | Butterworth JP, Bell SE, Garvock MG. Isolation and properties of
the xylan-fermenting bacterium 11 [ J ] . Biochemical Journal,
1960, 74 (1) : 180-182.

[ 82 ] Nyonyo T, Shinkai T, Mitsumori M. Improved culturability of
cellulolytic rumen bacteria and phylogenetic diversity of culturable
cellulolytic and xylanolytic bacteria newly isolated from the bovine
rumen [ J | . FEMS Microbiology Ecology, 2014, 88 (3) : 528-
537.

[83

[

Simunek J, Killer J, Sechovcova H, et al. Characterization of a
xylanolytic bacterial strain C10 isolated from the rumen of a red
deer ( Cervus elaphus ) closely related of the recently described
species Actinomyces succiniciruminis, A. glycerinitolerans, and A.
ruminicola [ J ] . Folia Microbiologica, 2018, 63 (3) : 391-399.

[ 84

[

Ghali MB, Scott PT, Jassim RAM. Characterization of Streptococcus
bovis from the rumen of the dromedary camel and Rusa deer [ ] | .
Letters in Applied Microbiology, 2004, 39 (4 ) : 341-346.

[85] Jensen RG, Smith KL, Edmondson JE, et al. The characteristics of
some rumen Lactobacilli [ J ] . Journal of Bacteriology, 1956, 72
(2):253-258.

[ 86 ] Mesweeney CS, Palmer B, Bunch RJ, et al. Isolation and
characterization of proteolytic ruminal bacteria from sheep
and goats fed the tannin-containing shrub legume Calliandra
calothyrsus [ ] ] . Applied Environmental Microbiology, 1999, 65
(7): 3075-3083.

[ 87 ] John A, Isaacson HR, Bryant MP. Isolation and characteristics of
a ureolytic strain of Selenomonas ruminantium [ J ] . Journal of
Dairy Science, 1974,57 (9) : 1003-1014.

[88 ] XU . HBe Sl AT Y 20 12 15 2 S T T i 0 e 4% 40 A
HHBEHER LRSI [ D ] AR - #2016,

Liu H. Isolation and identification of methanotrophic bacteria and
effect of its active agents on methane emission of dairy cows [ D ] .
Changchun : Jilin University, 2016.
[ 89 ] Sharma D, Mal G, Kannan A, et al. Degradation of euptox A by
tannase-producing rumen bacteria from migratory goats [ J | .

Journal of Applied Microbiology, 2017, 123 (5) : 1194-1202.

[90 ] Camboim EK, Almeida AP, Tadra-Sfeir MZ, et al. Isolation and
identification of sodium fluoroacetate degrading bacteria from
caprine rumen in Brazil [ J ] . The Scientific World Journal, 2012
(1): 178254,

[91

[

Faruque AJMO, Jarvis BDW, Hawke JC. Studies on rumen
metabolism. VIII. Characteristics of lipases in rumen contents and
in rumen bacteria [ J ] . Journal of the Science of Food Agriculture,
1974,25 (4) : 439-449.

[92

[

Henderson C. The isolation and characterization of strains of
lipolytic bacteria from the ovine rumen [ J ] . Journal of Applied
Microbiology, 1975,39 (2): 101-109.

[93 ] whd: X, XULERR , sKIERL, 4 . 800 8 IR s R M
SYENYE (1] YA, 2019, 46 (9) @ 2292-2301.
Han SY, Liu XL, Zhang GQ, et al. Isolation and identification of
lipase-producing bacteria from rumen of yak [ J ] . Microbiology
China, 2019, 46 (9) : 2292-2301.

[ 94 ] Priji P, Unni KN, Sajith S, et al. Production, optimization, and
partial purification of lipase from Pseudomonas sp. strain BUP6,
a novel rumen bacterium characterized from Malabari goat [ J] .
Biotechnology Applied Biochemistry, 2015,62 (1) : 71-78.

[95] Priji P, Sajith S, Unni KN, et al. Pseudomonas sp. BUP6, a novel
isolate from Malabari goat produces an efficient rhamnolipid type
biosurfactant [ J | . Journal of Basic Microbiology, 2017, 57 (1) :
21-33.

[96 ] R . T, XM . A IRIEE AR 5 Bk Sk

REARPEOLAL (1] . B 8, 2017,49 (8) : 57-61.
Wang TL, Yu Y, Liu XP. Isolation, screening and optimal
fermentation conditions of methionine producing bacteria from
bovine [ J ] . Animal Husbandry and Veterinary Medicine, 2017,
49 (8):57-61.

[ 97 ] Maluszynska GM, Janotabassalik L. A cellulolytic rumen bacterium,
Micromonospora ruminantium sp. nov [ J ] . Microbiology, 1974,
82 (1):57-65.

[98 ] Chun BH, Lee HJ, Jeong SE, et al. Leucobacter ruminantium sp.
nov. , isolated from the bovine rumen [ J | . International Journal of
Systematic Evolutionary Microbiology, 2017, 67 (8 ) : 2634-2639.

[99 ] Jeon BS, Kim S, Sang B. Megasphaera hexanoica sp. nov. , a

medium-chain carboxylic acid-producing bacterium isolated from a

cow rumen [ J ] . International Journal of Systematic Evolutionary

Microbiology, 2017, 67 (7 ) : 2114-2120.



306

4 % ¥ A @ 48 Biotechnology Bulletin

2021,Vol.37,No.8

[100]

[101]

[102]

[103]

[ 104 ]

Gylswyk NOV, Hoffman JPL. Characteristics of cellulolytic
cillobacteria from the rumens of sheep fed teff ( Eragrostis tef )
hay diets [ J | . Microbiology, 1970, 60 (3 ) : 381-386.

Gylswyk NOV, Roche C. Characteristics of Ruminococcus and
cellulolytic Butyrivibrio species from the rumens of sheep fed
differently supplemented teff ( Eragrostis tef ) hay diets [ J ] .
Microbiology, 1970, 64 (1) : 11-17.

Jarvis BDW, Annison EF. Isolation, classification and nutritional
requirements of cellulolytic cocci in the sheep rumen [ J ] .
Microbiology, 1967,47 (2) : 295-307.

Luna L, Hernandez D, Silva HV, et al. Isolation, biochemical
characterization, and phylogeny of a cellulose-degrading ruminal
bacterium [ J ] . Revista Colombiana de Ciencias Pecuarias,
2019,32 (2): 117-125.

Kameshwar AKS, Qin WS. Isolation and screening of cellulose-

[105]

[ 106 ]

[107 ]

degrading microorganisms from different ecological niches, In:
Methods in Molecular Biology [ M ] . New York : Humana Press,
2018 : 47-56.

King KW, Smith PH. Comparisons of two media proposed
for the isolation of bacteria from the rumen [ J] . Journal of
Bacteriology, 1955, 70 (6) : 726.

Gylswyk NOV. A comparison of two techniques for counting
cellulolytic rumen bacteria [ J | . Microbiology, 1970, 60 (2) :
191-197.

Battumur U, Lee M, Bae GS, et al. Isolation and characterization
of a new Methanoculleus bourgensis strain KOR-2 from the rumen
of Holstein steers [ J ] . Asian-Australasian Journal of Animal

Sciences, 2019, 32 (2): 241.

(AL TRIF4T)



