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ABSTRACT

The study was conducted to evaluate the effects of microbial culture supplements on ruminal fermentation and fermentative
quality of Italian ryegrass silage (IRGS) both in vitro and in situ. Three species of microbes (Lactobacillus casei (LC), Bacillus
subtilis (BS), and Saccharomyces cerevisiae (SC)) were used in this study. They were applied to IRGS at 30 days after silage
manufacture. Various items were measured using in vitro and in situ incubation technique after each microbial supplement was
inoculated into IRGS at 0.5x10* CFU/g. In the first experiment, in vitro ruminal fermentation characteristics of IRGS were
evaluated at 0, 12, 24, 48, and 72 hours after microbes were inoculated into IRGS. In the second experiment, in situ fermentation
characteristics were investigated at 0, 1, 3, and 5 days after the inoculation of each microbial supplement. /n vitro ruminal NH;-N
content was significantly (»p<0.05) increased in LC-, BS-, and SC-IRGS at 12 hrs post incubation compared to that in control
IRGS. In vitro ruminal total VFA concentration and dry matter digestibility (DMD) of IRGS were not significantly difference
among LC-, BS-, and SC-IRGS, although they were numerically increased in LC-IRGS than those of the other IRGS. In addition,
this study evaluated the fermentation characteristics and in situ DMD of IRGS with the lapse of incubation time up to 5 days.
Throughout the incubation times from 1 day to 5 days, the pH value was significantly (p<0.05) lower in BS-, LC-, and SC-IRGS
than that in control IRGS. Lactate was significantly (p<0.05) higher, and significantly (p<0.05) butyrate was lower in LC-IRGS
than that in other treatments at 0 day. It was higher (p<0.05) in control IRGS than that of BS-, LC-, and SC-IRGS at 1-5 days.
In situ DMD tended to increase in BS-, LC-, and SC-IRGS compared to that in control IRGS. Especially, DMD was higher in
SC-IRGS than that in other treatments at 0 day. It tended to be higher in LC-IRGS at all incubation time. Taken together, these
results suggest that it might be useful to select a microorganism by considering the feeding time of IRGS to ruminants because
organic acids and DMD of IRGS were affected by the incubation time of each microorganism with IRG silage, especially for L.
casei decreased the content of acetate and butyrate in IRGS.
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I. A = SH = PAER, AMLEA Y AREE A Rk o}

et A& AdE 9 9id 2EE&S A7) (Seale,

o FAHRop A v AE HIMe TEANRS BEA 1986), LI Hako] AAS A v FAHI A
T AR A sow SRy e, = v F Ui Zat e Ae® Hawal lok (Buchanan-
To AFAEL FAX T A= ACE B Smith, 1990; Muck and Kung, 1997). 3LZ3F (Bacillus sp.)
&Fal 9lth (Nocek and Kautz, 2006; Qiao et al., 2010; Moon 2 Aol de] ®BEshs wFomA, duld g 9
et al., 2011; Cho et al., 2014). eerEskEe] tiste] FajEAdo] =& AoE dEA e
Rt (Lactobacillus)S 2] A1 A A5 98] A} (Kalogridou-Vassiliadou, 1992), Qiao et al. (2010)> AR
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plantarum (1x10"° CFU/g)& % (0.5¢g/ )l 343 & 7}
shol oF s00kge] 93 TER Axstgov], HHRE F
30900] A3e AALAT olgete] RASA In vino
D oin situ AEE 213 IRG AL A= 60TS] dry oven
(OF-02GW, JEIO TECH, Korea)oll Al 48417t 1% % 1 mm
screen®] FAE wiley mill2 st Alg = ARG
R IRG AR A ] 4 8 Asts S Sl vAdE
A2 L casei (LC), B. subtilis(BS) 2 S cerevisiae (SC)
(2x10” CFU/m)E AH&-3+i Tt

VS|
~

Ao

2. IRG AtdE[R]|

o 3tsta =M 3 ALRIIA]

TAAMREY ANAES AOACH (1995)0.7 EAaq o
™, NDF (neutral detergent fiber)2} ADF (acid detergent
fiber)= Van Soeat et al. (1991)2] W o=z EA st}
Aol AREE IRG AMAElA]e] ALE7FA] 242 Table 13}
Zow, mAE A $ wFAEe] Aol wE IRG AFY
gAo] AR WaEE ZAAT IRG *}"13]7494 pH
= ZF AIFAE 1gs ST 10mel ol 2'g & o3
A2 Az pH VEHZ47] (HI 8424 Micro-computer pH
meter, HANNA Instruments, Italy)Z 743}t 3 42
Yole) AA& (NH:-N) 3 24& 98 2 A= 1g&
ST 10meell ¥aL 0~4Col A 24A17F &gk § of 344
2 48] 20Tl Bosta B4 A alE35ke] 3,000 rpm
o A 1543 A& s TE 1831 Chaney and Marbach
(1962)2] 1ol ulg} phenol o2 AFFol Fo] ¢ny

Table 1. Chemical composition of experimental ltalian
ryegrass silage (% of DM)

Chemical compositions ltalian ryegrass

silage
Moisture, % 59.00
Crude protein, % of DM 9.63
Crude fat, % of DM 3.09
Crude fiber, % of DM 40.30
Crude ash, % of DM 8.29
Neutral detergent fiber, % of DM 68.38
Acid detergent fiber, % of DM 42.34
pH 4.51
NH;3-N, mg/dL 12.06
Lactate, % of DM 7.14
Acetate, % of DM 1.33
Butyrate, % of DM 0.80
Flieg’s score 91.6
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ol BAIAIZl % spectrophotometer (UV-1201, SHIMADZU,
Japan)E ©]-83}%] 630 nm= &4% (Optical density, OD)E
=733
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In vitro A8 vAESY FTFo mE IRG AL E]A] 2
e 0BRSS Hrke] 98 stk £49
IRG AL XS Z+2Fe] 35 ml serum bottleo] 0.2 g2 Y1,
LC, BS 2 SC7} 717} 0.5x10% cfu/g7t E| =2 H7)ete] 34k
o2 IRG AtdEA o] HaEEAS vtk 99 2F
= AFId oA sFAEE o] Aol AFsF o,
NHE YN 479 A= s T 27 12 (39T)0
head space7P N=s wol &7 Ul el AYS Adst
Sk wleF A S AS CO,E bubblingdldA pHE 6.52
Z73}3 McDougall’s buffer solution (Troelsen and Donna,
1966)3} HEF=9lMS- 4:1 (viv)E E38Fe] WEES] wggo =
AFEEITE ZF serum bottleol] ¥R BiYAS- 20 miA EF
& the 39CE AA® 3 wd7] (IB-05G, JEIO TECH,
Korea)oll A 12, 24, 48 B 72A13F 52t w319

Williams et al. (1996)¥} Beuvink et al. (1992)2] ol
uel 7k RS Sk, daidstel o ASde
pHE 743 o, 45H2 Yot dA9 VFA 5%

1

2O O

o BAME & A EFeta, FWHES filter paper
(Whatman No. 4)i Ik & 60T dry ovenollA] 72A]
I Axste] AEEeAEs S8 wigF o] R

ol e) XU\(NH3-N) 3}2F2 Chaney and Mabach (1962)<]
e wel BEAsIger, 3y XAk (volatile fatty
acid, VFA)< Erwin et al. (1961)2] WO 2 33 & gag
chromatography (GC-14A, Shimadzu, Japan)Z Z7d3}3ith
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vAEe] FTHE WAz Ao i IRG AFLE A9

AFR7HA] W3EE H71E 3 nylon bags o83l in si HF

AskES A o] g ”%Lga}iﬂoﬂ
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AgoA AE Bale2 48A 123 & AE FqFS 5
gate] wdr1zE o AAE S vl A AR el
ek ME-g7 Aalkaldck

SAZZ13 SPSS version 17.0
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7.09] oA fA gt} (Krause and Oetzel, 2006)

Aol A 72A17F vk 7Y 50} pH
Stewart et al. (1997)°l] °Jal] X% )
wE, AR 4 2 s Bels

sl =2 velA fAE S,
Phe ARl

oAM= iz E A=Al ATl

=okom, 53] LC-IRGSAIA 7Hd =4 v «Iwl, A
T froH Apol= fUSATE bEYolE] HA: (NHs-N)
e dE&2Trg vAEA ATl Fhske A Eel
o} 12A17F wiF Al NH3-N A3d &Fo] SC-IRGSOll A 7He:
=% OH (p<0.05), 4843t wiF Al EHZ?LQ} BS-IRGS®l| 4]
A UERETE (p<0.05). WF9 Wl PAES 918 HH 9
NH;-N F5EE 29~35mg/die] H9l=, Smg/d(% Ht} 2o
W outglg]ole] AAgEe] FAsta, WAEA wud A
< A 4 e v, RESA AE NHy-N TS
A Eo 9]d NH;-N9| ©]-8-S A|ghslt} (Satter and Slyter,
1974; Hristov et al., 2002). & ZAxjollA 72417 wlef
BE YT NHy-N F57}F 28.59~29.27 mg/dle] W=,
Satter and Slyter (1974)7} #A|AI3E H 4 s} FAlsle] A
AEC] A ol el R4 Jado] gl o=

X}-F;?,OHEE_Q

Table 2. Effects of different microbial cultures addition on pH, gas production, NHs;-N, and DM degradation of in
vitro incubation fluids for IRG silage

Incubation time ~ CON-IRGS LC-IRGS BS-IRGS SC-IRGS SEM" p-value
........................................................................... PH o
12 hr 6.59 6.57 6.56 6.57 0.020 0.405
24 hr 6.54 6.52 6.57 6.53 0.044 0.665
48 hr 6.52 6.51 6.52 6.51 0.053 0.995
72 hr 6.43 6.42 6.43 6.44 0.054 0.989
......................................................... Gas production (mML/g DM) ........c.ccccccceeviiniiiiiiiniiiccccne.
12 hr 27.319 29.720 29.349 31.132 1.827 0.076
24 hr 42.350 43.465 41.954 42.672 1.706 0.814
48 hr 43.762 47.328 45.867 46.238 2.649 0.512
72 hr 64.094 68.304 66.570 67.388 3.754 0.655
.................................................................. NH3-N (MG/AL) ..o
0 hr 12.658 13.996 13.428 13.712 0.995 0.486
12 hr 16.111¢ 17.276° 17.955° 18.687* 0.982 <0.001
24 hr 20.079 20.361 20.845 20.536 0.466 0.294
48 hr 26.452° 26.230% 26.444° 26.175° 0.154 0.029
72 hr 28.593 28.723 29.270 29.233 0.504 0.295
............................................................ DM degradation (%6) ......cccoeveeecniencineneeieineieseeeen
0 hr 26.026 22.992 20.925 23.932 4.697 0.706
12 hr 38.321 39.269 39.503 38.908 1.290 0.783
24 hr 41.897° 42.406" 41.992° 45.053° 1.625 0.037
48 hr 43.726 49.290 50.997 51.106 4.834 0.247
72 hr 49.228 50.047 48.794 44.736 4488 0.576

Abbreviated CON-IRGS; control IRG silage, LC-IRGS; IRG silage treated with L. casei, BS-IRGS; IRG silage treated with B. subtilis,
SC-IRGS; IRG silage treated with S. cerevisiae.
D' SEM, standard error of means.
a5 dMeans in the same row with different superscripts differ significantly (p<0.05).
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Table 3. Effects of different microbial cultures addition

on VFA concentration of in vitro incubation fluid of IRG

silage
Incubation time CON-IRGS LC-IRGS BS-IRGS SC-IRGS SEM" p-value
.................................................................. Total VFA (MM) .....ccoooeeeiiieieieieieecveee e
0 hr 16.329 17.620 16.348 17.759 0.998 0.156
12 hr 33.710 33.183 32.821 31.519 1.842 0.612
24 hr 49.115 51.671 50.644 51.170 2.992 0.821
48 hr 52.501 54.245 52.462 54.515 2.347 0.675
72 hr 58.092 58.257 57.751 57.212 3.580 0.991
.................................................................. Acetate (MM) .......ccocoovvevviiioiiiiiiiiiiiiieere e
0 hr 11.108 11.753 11.046 11.832 0.555 0.203
12 hr 22.250 21.755 21.585 20.847 1.223 0.666
24 hr 28913 30.397 29.739 30.030 1.890 0.864
48 hr 30.465 31.590 30.429 30.665 1.217 0.710
72 hr 37.386 37.350 37.246 36.778 2.492 0.994
............................................................... Propionate (MM) ........cccccooovininioiennineniinicieeesese e
0 hr 2.929 3.326 3.020 3.398 0.281 0.121
12 hr 6.870 6.701 6.625 6.326 0.365 0.406
24 hr 13.753 14.452 14.142 14.279 0.890 0.864
48 hr 14.484 15.014 14.467 14.578 0.573 0.710
72 hr 11.815 11.960 11.605 11.608 0.851 0.966
.................................................................. Butyrate (mM) ........coooveveviiiiiiniiieeeee e
0 hr 1.969 2.119 1.959 2.104 0.115 0.207
12 hr 3.226 3.205 3.205 3.117 0.143 0.794
24 hr 3.876 4.075 4.075 4.146 0.173 0.255
48 hr 4.317 4.322 4.322 6.443 1.226 0.082
72 hr 5.161 5.162 5.162 5.162 0.207 0.999
...................................................... Ratio of acetate 10 PrOPIORALE ............ccceeveeeeeeeceeieiaieeeeeieniens
0 hr 3.811 3.533 3.671 3.483 0.185 0.141
12 hr 3.237 3.246 3.257 3.295 0.037 0.294
24 hr 2.102 2.103 2.103 2.103 0.001 0.887
48 hr 2.103 2.104 2.103 2.103 0.001 0.740
72 hr 3.163 3.122 3.215 3.171 0.053 0.247

Abbreviated CON-IRGS; control IRG silage, LC-IRGS; IRG silage
SC-IRGS; IRG silage treated with S. cerevisiae.
D' SEM, standard error of means.

H2It}h FadelElseed and Abusamra (2007)= .5 (S. cerevisiae)
7R Abeke] w9l U] NH3-N %7} S7keichal B
watgon, oyt Ai= B A5 SCIIRGSAAE &
T ATk B, 2 ATl BS-IRGSS] Adob=
Wang et al. (2016)= B. subtilis 7} A #1272 &
o] g4 whE9el W NH3-N %7}
. ©]2% NHyN Fxo] QoA

i..

A TR P e

AL ol O My Mok
e

=4
B0 0
wonNE T

oM F7td

i 484137t R A=Al A

Z] S Holw, 53] Wi 2447kl A

treated with L. casei, BS-IRGS; IRG silage treated with B. subtilis,

SC-IRGSOIA 7H4 =ko1} (p<0.05), HIE 72A17bo| A=
23y dxTE 23 o AHIFry P e A
< YERAAH

In vitro W9 U & 324 AWk (volatile fatty acid,

VFA) %%t LCIIRGSSF SC-IRGSOIA  diz+  H
BS-IRGS HUF F7letflovh, SAACR fol4 Apol=
YERR] 99kl Acetate®} propionate &%= LC-IRGSO
Al 3, butyrate FEE SC-IRGSOIA =41 YElRoL]
ol wxeol ol AT e FoF zbol= e,

Hl& (AP JAME AFT e

acetate : propionate 2]
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2ol 7F vEpA] ekt &2 HAgita H skt

W9 vtg EA gt S cerevisiae?] QS H7lsh
7] 93 we AFU} A|EEAEY, 3] Dawson et al. 2. O|MEX HIIJ} jn situ A3H20| o|x|l= Aak
(1990)= in vivo R in vitro W59 Ul VFA Adole 9
o] glrkar 3 Wb, Mutsvangwa et al. (1992)2 acetate, IRG AtQgx|o] nAES 2gske] 30T 5297 )
% VFA F%7F S7FHAINE AP Hl&S Wb glom,  shiA IRG AHd Aol #4 2 in situ 23HEol WA=
Wang et al. (2016)< propionate F%7} S7FkARE AP Bl &S 2ALEYIUH (Table 4). IRG AL EAE tizT-Ho}

Table 4. Changes of pH, NHs-N, and organic acids on IRG silage according to incubation after different microbial
cultures addition

Incubation time CON-IRGS LC-IRGS BS-IRGS SC-IRGS SEM" p-value
........................................................................... PH e
0 day 5.184 5.173 5.184 5.181 0.006 0.158
1 day 5.208° 5.173° 5.143° 5.153° 0.026 <0.001
3 day 5.193° 5.072¢ 5.135° 5.157° 0.045 <0.001
5 day 5.210° 5.087° 5.106 5.117° 0.048 <0.001
.................................................................. NH3-N (MG/AL) ..ot
0 day 6.810 3.521 2.655 4386 2.006 0.053
1 day 7.503° 3.694° 5.598% 4.386° 1.830 0.041
3 day 5.772% 7.330° 4.906° 5.598% 1.131 0.046
5 day 6.118" 8.888° 5.598¢ 6.984° 1.477 0.014
.................................................................. Lactate (MM) ......cccccoooeiiiiiiiiiiiee e
0 day 8.511° 20.319° 5.537° 5.309° 6.167 <0.001
1 day 22.633° 21.785° 5.561° 5.185° 8.438 <0.001
3 day 27.119° 5.814° 5.203° 5.397° 9.388 <0.001
5 day 29.508° 5.564° 5.753° 4.581° 10.498 <0.001
.................................................................. Acetate (MM) .......cocoioieoieiiiiiiiieeeeee e
0 day 1.847 0.783 1.336 1.550 0.456 0.126
1 day 0.718° 1.062° 1.401% 1.546° 0.345 0.033
3 day 0.408° 1.602° 1.450% 1.292° 0.486 0.015
5 day 1.094 1.585 1.560 1.248 0.268 0.253
.................................................................. Butyrate (mM) ........coccevvveoiniiininiiiniciceeet e
0 day 49.713° 35.554° 35.440° 40.961° 5.856 <0.001
1 day 38.878 38.717 38.997 40.257 1.361 0.801
3 day 47.019° 39.705¢ 40.281° 41.880° 2.955 0.004
5 day 50.847° 41.740° 42.859° 42.513% 3.791 0.005
......................................................... Ratio of lactate 10 ACEIALE .........cccuveveviiviiiciiiciveeeeae
0 day 4116 17.070° 3.707° 3.046° 6.051 0.009
1 day 21.592° 13.277° 3.513¢ 2.989° 8.228 0.030
3 day 46.187 3.180 3.178 3.856 19.624 0.021
5 day 17.504 3.317 3.120 3.428 6.293 0.003

Abbreviated CON-IRGS; control IRG silage, LC-IRGS; IRG silage treated with L. casei, BS-IRGS; IRG silage treated with B. subtilis,
SC-IRGS; IRG silage treated with S. cerevisiae.

D' SEM, standard error of means.

a5 dMeans in the same row with different superscripts differ significantly (p<0.05).
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HAEA TN 597 wge Rz pHrF s o,
ik 1dA o= BS-IRGSOIA, 3%14 5UAl= LC-IRGS
AlA fFeHoz vrA UERT) (p<0.05). LC-IRGSS] 7

HjF 194l pHe] W37t gl o), 3950l iﬁol Fd
aetglon, sdAol= v Sk AEdE Bt IRG
At e A o] pHE #iFAIRE B A2k n A= ol A
#Glo] 5.07~5.212] WY ol AATE

IRG AbdefAle] fFEUole] i (NH:-N) g2 o=
TR vBEA A o3 wid 7] NH-N =7} 7+
At o, BS-IIRGSS] 745 Wi 197 S7kek 5 547t
A W53 S FAEN e, LC-9F SC-IRGSSY ¢

W 19 o]

}\
+ A=4

o7 7tk
IRG Atdel#] u] #4F (lactate) theroll A wj ok
1L9ANE 59704 mA8=Al Ag7me fFodom =
UEbst o (p<0.05), LC-IRGS®S] 7% wjy¥ 3
ik s =dou 394 A48 A f‘ﬂi, BS-
9} SC-IRGS?] 7% Zéz 2w FAEe] Aol e F e
2 YEhA] odt) x4t (acetate) FEE
19ARE 39744 gk & 594 ohAl SoheRelal,
HAAEA ATl A HE A
B} vt} IRG AHAERe] 2t s2E v 1A=
SC-IRGS®l| 4], vieF 3¢Aoll= LC-IRGSOA 7}
(p<0.05). BS-IRGS2] 79 HlAI7
stlom, LC-IRGSS 4% AE A
sgtont o] Zrtelth. Al (butyrate) F
o, 39 2 sAAelA tRFET HAAEA] A
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Kung Jr, 2006). ¥ AFZAz}o A A 9.46~36.38%, =
AFL- 0.85~3.88%, AR 49.81~81.84%, 1#]al L/AL 2.99
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I Bl 9lt)(Padel, 2007; Paryad and Rashid, 2009;
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1996; Dawson et al., 1990;
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Sung, 2013). S. cerevisiaet™
of WEES] WS,
24 3}A 7] L (Mathieu et al.,
Weidmeier et al., 1987), WFE=${l
Aira 8l Btegorl A o2 FAste] AiATt
| E AT (McAllister et al., 1994), HZE o]5 w]dA|7to]
7A3gtol whel whEY oA oo} e zRgo] 7FAE Y]
HH"k 1458 597 % Havhs Ae® &

o]

o

Ak w9 EEZEE!

AE “"EHE ] g=t
. LC-IRGS®} BS-IRGS¢| 74

Table 5. Effects of different microbial cultures addition on DM degradation (%) of in situ incubation fluids for IRG

silage
Incubation time CON-IRGS LC-IRGS BS-IRGS SC-IRGS SEM"V p-value
0 day 56.720° 65.721% 65.595"® 68.060° 4.816 0.003
1 day 59.240 68.393 66.134 64.462 5.288 0.220
3 day 61.151 67.523 63.594 64.518 3.704 0.258
5 day 59.827 63.927 57.422 60.880 4.295 0.397

Abbreviated CON-IRGS; control IRG silage, LC-IRGS; IRG silage treated with L. casei, BS-IRGS; IRG silage treated with B. subtilis,

SC-IRGS; IRG silage treated with S. cerevisiae.
D' SEM, standard error of means.

»®Means in the same row with different superscripts differ significantly (p<0.05).
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