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NIFAE ] 22 M =2 IRBH MW n 2B K, Jf e
1 70 2 AT B J8 M TR 2 LT TR s M AT B
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1.1 srret

e i I FLERHE R T 3R (T VLR IR R 2B W) T A2
A RN ) AR E S AL AL 2 2.5 % FL R S BR R &
77.5% NaCIFI20%BENR Wik ; 7. =1x10° 1U/g;
At 150514, BEREE R AU R ERE
ABRAFAE - R SCRER RN, KBEIRYI 0.5 g
BRERH T K34% . TRI16%)F10.5 g7
1.2 KR

KRR Z KRBT, BB FHE
2NN R AN 3B A o BH X B (Negative
control, NC)ANEMAEATE AN 5 BH:XT I A 5LhE
BHE(MON, 5umol/L); 3 FLEREEERE R (NI
YT INK S5 43 (NI-3) . 9 (NI-9)F127 mg/
100 mL (NI1-27), HFEHANER . R0
R A, HEATIRSN A
1.3 & B B RS E S

I R A R AL K2 B 7 3 H AR AT
W ARIAE[(25+2) kg], HARKEHLEL A150 @ 50 Rk
#HFES00 g, FHRHEHTE TH 4250 g), BH8A
FN7EERME, HioK. WL 1 10
A1) 0 i L g R A % 28 1 R R AR T MR
T 239 CCHIBITFEIH A ALRRAY H B4, &
F39 cCLRIEA T, JFRE RIS E, Ahifln
H4Z At g, U85 B B RO R Fh (TR 3k
U W DA B b B R A o AR e A AR
KAR). S B Theodorous: Iy i il ,
pHIH27.00, H4 85 M8 B AERASRH TS
ZZ MR e AR O B - 2R LG 10 ¢ 90),
IRAE 146100 mLIES W T4 FU8 180 mLI A BN
B39 CCHHIR KB H IR HE 5724 h,
1.4 FEHRIE

KEEIFEPEHAME0, 3. 6, 9, 12, 24h
PR SRR, £ B Theodorous Jy il &
PR B Wang S TR Yang S5 R A S A
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TR P S S A 542 (GC-2014,  Shimadzu,
Japan)E HHBEvk EE, JFE5 &A1 H B e
PRy K24 hE Sr B L RS mL AR R
HpHiT(Ecoscan pH 5, Singapore)illpH{E ., K5
VKIR R EERLE L R, RERBERME, BT
20 °CYKFE, TFESAE . HERMIBNIFR(VFA).
T4 51 (DMD) XA HLA 5T T 25 #4(OMD) M g 14
gL

Z: M Weatherburn' 2 J59%, f#UREEM S, 4000
r/min.0>10 min, B FIENEZSRKE; SHRE
Haa" I EDMD K OMD ;7% 28 iy i
D7E VEAWREE , IFEA 738 ekt . #£5112000 /min
B0 10 min,  EIEWAHKAHIENR(0.22 pm)id g /5
A4S CBEHRE, SR (0 A 6% (7890A,
Agilent, UK)#ATIE o W 4508 R . HERE A
#%§220 °C, HJ126.1 psi, LJiaE169.72 mL/min,
B4R 19 3 mL/min, 43r¥iE30 1, HAE
150 °C, KM#HEIE250 °C, 25" 300 mL/min,
A E30 mL/min, BRI E25 mL/min, %X
KAEA.
1.5 IIREEHER
1.5.1 DNARB: 1| mL%& BEEE i 08 5 7E

9000xg, 4 °CZ&F T #5005 min, 3+ VAL mL
CTAB (Hexadecyltrimethylammonium bromide,
FNBEsE = HERAER) el R ERE T, A Bead
Beat$2 UM B MU/E Y BDNA T BRI & R
A ¥ DNAfE FiNanodrop 200043 )¢ 06 B 3
(Thermo Fisher Scientific, Inc., Madison,
Wisconsin, USA)MEDNAKFE (ng/uL)LA 5260 nm
55280 nm OD H/{H(1.8-2.0), —20 °CIFAE£H -
1.5.2 Real-time PCREEBH: 420 pL
fAZ (10 uL SYBR GREEN, 0.4 uL ROX. 0.4 uL
SIMIF. 0.4 pL5I#IR . 6.8 pLAGEK . 2 puLAEAR),
i FJABI7500 Real-time PCRAXHRT % B B
L OB, JEHR . HEERE . B R (Sulfate-
reducing bacteria, SRB). JEREG[]. UFFET] .
W MR B (Clostridium sticklandii) Vg B 12 T8
(Clostridium aminophilum)it17E 85347 535k
S JREEER [T UATE T C. sticklandiifiIC.
aminophilum16S rRNAJEK , DL B A1 AL )
18S rRNAKED , LG BT fry HY B 4l Tl M 1t il
(merA) PR FIBRE IS S5 7T %) S8 PR 30 i Tl (s ) 2
PRI EEA A 45 H br & JEp0ARfE M 2 . Real-
time PCR5 ¥/ 741 1L 1,

F1. BB BFRMESER EEPCR Y55

Table 1. Primers used for real-time gPCR of the rumen target organisms

Target organisms Primers sequences (5'—3") Annealing temp./°C References
. F: CGGCAACGAGCGCAACCC
Total bacteria R: CCATTGTAGCACGTGTGTAGCC 60 [17]
Fungi F: GAGGAAGTAAAAGTCGTAACAAGGTTTC 60 [17]
R: CAAATTCACAAAGGGTAGGATGATT
Protozoa F: GCTTTCCGWTGGTAGTGTATT 54 [18]
R: CTTGCCCTCYAATCGTWCT
Methanogens F: TTCGGTGGATCDCARAGRGC 60 [19]
R: GBARGTCGWAWCCGTAGAATCC
. . F: CCAACATGCACGGYTCCA
Sulfate-reducing bacteria (SRB) R: CGTCGAACTTGAACTTGAACTTGTAGG 60 [20]
Firmicutes F: GGAGYATGTGGTTTAATTCGAAGCA 60 [21]
R: AGCTGACGACAACCATGCAC
Bacteroidetes F: GGARCATGTGGTTTAATTCGATGAT 60 [21]
R: AGCTGACGACAACCATGCAG
C sticklandii F: ATCAAAGAATTTCGGATAGG 61 [22]
R: CAAGTTCACCAGTTTCAGAG
C. aminophilum F: ACGGAAATTACAGAAGGAAG 57 [22]

R: GTTTCCAAAGCAATTCCAC
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Real-time PCR W 4544 (1) 95 °CHiAE 1k
30s; (2) 95 °CAEPES s, 60 °CiB K FIZEMHI30 sTf-F
VOGS, A0MEFR; (3) KEfRIZ T, 60 °C
FHE95 °C, 60 °CH£#k1 min, 95 °CI{iR15s, H
1.6 BB

oA Wy E B YR 45 StepOne ' ™ Softwarev
2220180015, SHAS IR RAUE £ Excel 2007
WIARE IS FIFHSAS 9.2 XL MR (GLM)%f
JIE A H8 bR R AT Oy 25 4 0T 0 B E MR AT, R
Duncani&iFT 2 H L, [, RAIEZZW
i B¥ (Orthogonal polynomial contrasts) X NIA [ 5
T — R (linear) Bl — YK (quadratic) S /0 Hr . i
FHEIKF- R P<0.05,

2 HRAGA

2.1 ARZMERERAKFE FKENF R &
HyAEAL

201 PEREEA: BT, B R E
K, A R BT, B9 hA R
BONIGH, ZJRBEEHes%. ek, 5

NCAAHL, BENIZ IR, F= MR
(P<0.05), NI-3, NI-9, NI-27HIMONZH /=< H:
A FENCHH FEAR2.43% . 6.35% . 8.22% Al
18.31%, HNI-9, NI-27HIMON 1 B =S s
NCZHAH L4 1 2 T R (P<0.05)

2.1.2 Bk K2R 2AA, bk B
BF ) ZE 4, A% A B2 F o 7 i 3 S B i b T
P, RIMEFR24 WG, ENCAAMLL, BINAFE]
NI IR 35 A BE B ™ 5 (P<0.05), NI-3., NI-
9 FINTI-2 73K 50 41 B e 7 5 43l Lk N C 4 B A%
14.5%. 22.6%. 29.0%, {HH ki~ 8488 & 5T
MONZL(P<0.05), NIF-RLZH - H i/ i iy
PR L4 A 83.7% . 50.0%F149.7%,
MMONZH Hrix— I 432.8%

2.2 ARFMREBREERAT TEE RESHHERL
22.1 pHEAEL: 20T, (RIMEFR24 W,
E5NCHAM L, #&NLRLEZH AMONL [ pHIE I JC
BB A(P>0.05),

2.2.2 T (DMD) XA HLYIHEERFE(OMD)ZE
. mE 20TH, SNCHMIL, H£NLHLKH
DMD } OMD TG it #7254k (P>0.05), TMIMONZ
DMD 2 OMDZ i F#AIK(P<0.05).

R2. ARRHEHKERMASNLER24 hESRE. B2, pH. EEKE. DMFAOMIHLERF I
Table 2. Effects of nisin on total gas and methane production, pH, ammonia concentration, DM and OM digestibility
in the in vitro rumen mixed cultures at 24 h

P-value
Items MON NC NI-3 NI-9 NI-27 SEM
Trt Linear Quadratic

Total gas /mL 144.1° 176.4° 172.1° 165.2" 161.9° 3.0 <0.01 <0.01 0.11
Methane /mL 14.2° 24.8° 21.2° 19.2° 17.6° 0.4 <0.01 <0.01 <0.01
TG-M /mL 129.9° 151.6' 150.9° 146.0° 1443 2.8 <0.01 0.07 0.38

pH value 6.71 6.70 6.69 6.71 6.71 0.01 0.44 0.25 0.80
NH;-N /(mg/dL)  11.5° 12.9° 12.6" 12.2° 12.6" 0.2 <0.01 0.40 0.04
DMD /% 47.5° 51.7° 51.9° 51.9° 51.9° 0.4 <0.01 0.77 0.74
OMD /% 48.0° 52.9° 53.1° 52.8° 52.7° 0.4 <0.01 0.59 1.00

MON, monensin 5 pmol/L; NC, negative control (no additives); NI-3, nisin 3 mg/100 drnL; NI-9, nisin 9 mg/100 mL; NI-27, nisin 27
mg/100 mL; SEM, standard error means; Trt, treatment; TG-M, Total gas — methane; ““means within a row with different superscripts

differ (P<0.05). The same as follows.
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Figure 1. Effects of nisin on the dynamic change of
gas production in 24 h of in vitro fermentation.
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m, AREER IR S, ANI-94 LT
NCZ(P<0.05), #IXJFNCZ, NI-3, NI-9, NI-
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Figure 2. Effects of nisin on the dynamic change of
methane production in 24 h of in vitro fermentation.

L, RANEIE24 his, 5NCHIAHEL, MON4LFI
NI# 50 2 BV VE AV 2 34 i 25 B IR (P<0.05) ;
NI RS 20 P R vk B 3% 4 1= (P<0.05), &R
WL K OV B3 AR (P<0.05), JF 2 BE R
FIEBLL(P<0.01); I KENIY B EFEAL T
TR AR (1 e BE (P<0.05); NI-9FINI-274H i 3%
AR T S HEPE R IR TR (BCVFA) . 57N FR
ST RHEE (P<0.05), NI-34H 76 B E/ER(P>0.05),

3. FLERIMEIKE R XAIN L BE24 hiF & MRS RHEL K E R0

Table 3. Effects of nisin on volatile fatty acid (VFA) concentration in the in vifro rumen mixed cultures at 24 h.

P-value
Items MON NC NI-3 NI-9 NI-27 SEM
Trt Linear Quadratic

Total VFA /(mmol/L) 1185 137.0°  1272° 1241 1252° 19 <0.01  0.01 <0.01
Acetate /(mmol/L) 68.0° 87.7" 77.0° 72.9° 70.7% 1.0 <0.01 <0.01 <0.01
Propionate /(mmol/L) 41.8° 34.2° 37.4° 39.1° 42.6" 0.6 <0.01 <0.01 0.03
Isobutyrate /(mmol/L) 0.99° 1.44° 1.35® 1.28° 1.37" 0.04 <0.01 0.56 0.02
Butyrate /(mmol/L) 6.15° 11.08 9.13° 8.83" 9.09" 0.20 <0.01 <0.01 <0.01
Isovalerate /(mmol/L) 1.29° 2.16" 2.03® 1.76™ 1.34° 0.16 <0.01 <0.01 0.52
Valerate /(mmol/L) 0.32° 0.65" 0.30° 0.29° 0.29° 0.05 <0.01 <0.01 <0.01
Acetate/Propionate 1.63° 2.57 2.06° 1.87° 1.66" 0.02 <0.01 <0.01 <0.01
Total BCVFA /(mmol/L) 2.16° 3.63° 3.38% 2.95° 2.80° 0.20  <0.01 0.02 0.14
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EINCHIMI L, MONZH PN ERVE B 3542 55 (P<0.05),
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NIFPEFH a SAd ]
2.3 AFAREFRE R AT TOREER R EN R
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SRBHUE 5NCALH b I8 3 T 55 (P<0.05) ;. NI#%iak
TRy v JERE TR | T RNADUAT TR 10 SSNC AT L3 e
W EARE(P>0.05), TiMONZH H R RER | ]85
FAR T HA 4 Ab FRZH (P<0.05), [HIAFE 150
6 B3 E(P>0.05); NI R4 FIMONZ HC.
sticklandiiFUE: SNCZUA 3 JC 248 1k(P<0.05),
M C. aminophilum® & % 15 (P<0.05), FfFl
NG A3 34 171 1 3 T 55 (P<0.05)

3w
FLEREEER T 2 (NT) FIZLRE 7 % (MON) A fL 2%
gEM SRR KR ZE S, (HENnffifgsro

b A MR . N0 R AR S AL PH B - 3% 1 T
R, EHEHBEEH TR, 50500 - ek E
FARZE A, JETEAN A I8 Al FLAE i A 20 A i 2
FA AR AL B85 | R 5830 25 1 e, AT 8 K 400 i o
B>, MONR—FINERE T8Ik, E#EFTrE
4 B T e UE M R A R, 3 kAR
AR s, BRI N AN TR ™,
NIFIMON /R T A e, JF H 3%}
B MR R AEH o B ARSI 5T & NI
MONXR 5 & B PR P e B0 T ARRLAO O™, 1A
PRIt 2 BENTEL A R A9 Bl R, B
X T AT A ey A0 A 0 DA R I R 4
WHIZ e AHIFSE 38 i g PCREG AR ' D RE 18
B T E R, VIR TNDHR B & R 5 ik
YR
HWFFERM, AR OMD S RSN T 172K,
wEA A, PR EE, UREHEE E
PR A TR v, ISk ] s e 18 A it
RS AR & B, IR 2 B B i
PRI R BN S0% A A EE B, DI
PR I DA — 2 DL R R R 0 T 3
By, KBEWEErmE, WA EaRE.
OMDHMIDMD AL ¥R 2, FREINIIFA S
RS K B =S & . OMDHIDMD; )2, MON

4. FLERSEIKE R XA L B224 hIBEE AT B IS

Table 4. Effects of nisin on microbial populations (log copy numbers /mL) in the in vitro rumen mixed cultures at 24 h

Ttems MON  NC NI3 N9 NI27  SEM _ Prvalue
Trt Linear Quadratic
Total bacteria 12.27 12.48 12.35 12.27 12.38 0.10 0.54 0.70 0.11
Fungi 7.48° 9.07° 9.13" 8.92° 8.93° 0.09 <0.01 0.09 0.30
Protozoa 9.64° 9.99° 10.04° 9.94™ 10.12° 0.12 0.08 0.29 0.42
Methanogens 9.52° 10.01° 9.96" 9.87° 9.93° 0.10 0.02 0.60 0.28
SRB 8.28% 8.16° 8.15° 8.22" 8.35° 0.03  <0.01  <0.01 0.95
Firmicutes 10.98" 11.51° 11.35° 11.27° 11.31° 0.09 0.02 0.18 0.08
Bacteroidetes 12.16 12.38 12.30 12.28 12.26 0.07 0.33 0.27 0.40
C. sticklandii 5.83 5.79 5.79 5.79 5.83 0.06 0.98 0.40 0.75
C. aminophilum 8.24"° 6.83° 7.12° 7.51° 8.34" 0.08  <0.01  <0.01 0.06

SRB: sulfate-reducing bacteria.
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Effects of nisin on in vitro fermentation, methanogenesis and
functional microbial populations of the rumen

Junshi Shen, Zhuang Liu, Yaying Chen, Peng’an Lv, Weiyun Zhu'

Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health, College of
Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] This study was conducted to evaluate the effects of nisin on in vitro fermentation,
methanogenesis and functional microbial populations of the rumen. [Methods] The negative control did not contain
any additives. Monensin (5 pumol/L) was added as positive control. Nisin was added at 3 doses: 3 (NI-3), 9 (NI-9), and
27 mg/100 mL (NI-27). Each treatment contained 4 replicates. Gas and methane production was measured at 0, 3, 6,
9, 12, and 24 h after incubation. Samples of culture were collected at 24 h, and used to measure rumen fermentation
parameters and functional microbial populations. [Results] Compared with negative control, both nisin and monensin
addition dramatically reduced gas and methane production (P<0.05). Nisin addition had no effect on pH, dry matter
degradability, and organic matter degradability (P>0.05). Ammonia concentration was reduced by NI-9 (P<0.05), but
was not influenced by NI-3 and NI-27 (P>0.05). In contrast, monensin addition significantly lowered dry matter
degradability, organic matter degradability, and ammonia concentration (P<0.05), but had no influence on pH
(P>0.05). Compared with negative control, both nisin and monensin addition significantly reduced acetate
concentration and acetate-propionate ratio (P<0.05), and increased propionate concentration (P<0.05). Quantitative
real-time PCR results showed that both nisin and monensin addition had no effects on the populations of total bacteria
and Bacteroides (P>0.05). Compared with negative control, the populations of protozoa, methanogens, fungi and
Firmicutes were not influenced by nisin (P>0.05), but were significantly reduced by monensin addition (P<0.05).
Both nisin and monensin addition significantly increased the populations of sulfur-reducing bacteria and Clostridium
aminophilum (P<0.05), but had no influence on the population of Clostridium sticklandii (P>0.05). [Conclusion]
Appropriate nisin addition could reduce methanogenesis and ammoniagenesis, while had no adverse effect on feed
digestion. These effects are probably associated with the variation of rumen functional microbial populations and

communities.

Keywords: nisin, in vitro, methane, fermentation parameter, functional microbiota
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