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ABSTRACT

This study was conducted to determine the quality of italian ryegrass (IRG) and whole- crop barley (WCB) silage combined
with heterofermentative lactic acid bacteria (LAB) during fermentation. Six strains of LAB (L. plantarum IMAU 70164, L.
acidophilus KACC 12419, L. casei KACC 12413, L. reuteri KCTC 3594, L. buchneri KACC 12416 and L. diolivorans KACC
12385) were used in this study. L. casei and L. reuteri had the highest propionic acid production and were therefore used for
fermenting the forages. The forages were fermented using monoculture and co-culture of L. casei and L. reuteri for 30, 45 and
60 days of ensiling. Addition of LAB lowered the pH of the IRG silage (p<0.05). Moisture content, lactic acid and acetic acid
contents were higher (p<0.05) after addition of LAB. Water soluble carbohydrate was significantly lower (p<0.05) in WCB with a
co-culture containing L. casei and L. reuteri. Propionic acid production was comparatively higher after addition of LAB to WCB
on days 30, 45 and 60 while butyric acid was only detected in the IRG control on day 60. Fungi was not detected within 60
days after addition of LAB in IRG and WCB. Through this experiment, improved forage preservation was achieved using a
co-culture containing L. casei and L. reuteri. WCB silage had higher propionic acid concentration and thus, it was a better forage

for ensiling using co-culture of L. casei and L. reuteri.
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Table 1. Chemical (DM basis) and microbiological analyses
of the fresh forages

Items IRG" WCB?
Moisture (%) 61.50 62.40
NDF? (%) 65.66 62.33
ADFY (%) 41.92 40.91
WSC” (%) 2.98 5.47
pH 5.15 5.16
NH;-N (mM/L) 10.64 3.20
Total bacteria (log cfu/g) 7.76 8.08
Lactic acid bacteria (log cfu/g) 4.87 5.48
Yeast (log CFU/g) 6.65 5.54
Fungi (log CFU/g) ND® ND

2 WCB, whole crop barley, 9 NDF, neutral
9 WSC, water soluble

YIRG, Italian ryegrass,
detergent fiber, 4 ADF, acid detergent fiber
carbohydrate, 9 ND, not detected.
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Table 29} #t} T
(Opticla Density) %k
2374

o L. casei, L diolivorans, L reuteri <-O.%

3H L. reuteri= L. diolivorans XU} lactate®} acetate
gFo] wioko} gatag o] 71 £-2 propionate
=T ¢EX BEE Lo caseiv
gzow 57
NI, L. reuteriv= "GEE7T W=
3l propionate ’}EH&OI ol g, Zgo] % wWLAu|A
] AFs A= S Z—}J‘loﬂ aEAolm, & A+
e A o] =& L casei KACC 124139} Ei:ﬂ
22 Aol =& L reuteri KCTC35945 wd 4 &3
sto] JEFForA Atde]A o] F4 M-S ekl

Yl 3045 <E shaking skl AdrE SASSTE AT 2. IRG ¥ WCB Atlz|X| & okdMd 2 seky 84
SAL Fi AT omlll A= 1gS ¥l 100 3]
2% & fAS Lactobacilli MRS (Difco, USA), &9} (1) pH, ==&, ¢844 Estg Y 2ZLIOF HE}
+°30]:= Potato dextrose agar (Difco, USA)l| chloramphenicol At @A 9] pH, TR, T84 B©rEEE 2 dEYo}
02%% H7lste] Axe Haulxo] =X slo] 37T 48 W3}= Table 33 2l IRG AMAE|A]2] pHE & 30Y
AIRE A Fate] Algeskaitt. R 45dol Akt HA7H7E vzl Bls) pHYF A AE R
31 (p<0.05), WCB Aldz2|#]9] pHE Td 30Ul A7t
4. E7 EA o)A el ZFol7t ¢lRATh Choi et al. (2011a, by AFZ¥
Abd 2] AlZA] fAbE J7F fAel BAIRle] pHE FrAE
o ATolA dojx A= SAS package program®]  SFUhal Halskgl o), i Ao A= IRG AFYE A Faker
GLM (General Linear Model)E ©]838to] EAHEAS AA]  H7H7F d2THY pHYF foldo=z ZAiasHeE 3e=s
SFA S H(SAS, 2003), HE|HF Xo]= Ducan U YERT (p<0.05). AME A 9] SRR BE HIFA
W (1955)0 oJ&l ATt F9d (p<0.05)S 53k 60~70% <ol ol Hla) e ikt HA7E
B3lako] oF 4-6% AXE H& Aoz YERITH (p<0.05). A
m. g2 & & Adglxe] AA SR FHE 60~70% W (Vetter and
Von Glan, 1978) IRG AU EIA] 5 2kt 7oA
1. sATFe s €oF o Mg U E9kouy, WCB AR elA= A Fadrds FA8t
At FEAerskE e 2E 309 IRG AR E Al
At 659 3=t 7714 (Organic acid) AAH2 Atz vl 2kt J7F7F fFodoz oo
Table 2. Organic acid concentration of lactic acid bacteria
Strain Optical Lactate Acetate Propionate
Density (mM/1.0 OD) (mM/1.0 OD) (mM/1.0 OD)
L. plantarum IMAU 70164 1.89 141.32 66.93 493
L. acidophilus KACC 12419 2.18 158.33 66.49 6.22
L. casei KACC 12413 2.65 324.02 81.50 11.97
L. reuteri KCTC 3594 2.67 196.60 77.42 16.93
L. buchneri KACC 12416 2.21 147.00 73.31 7.94
L. diolivorans KACC 12385 2.31 229.13 80.95 9.95
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Table 3. Change of pH, moisture, water soluble carbohydrate and NHs-N concentration on silage of Italian
ryegrass and Whole crop barley
IRGY WCB?
ftems Con 19 29 39 Con T1 ™ T3
30 day
pH 4.74* 4.13° 4.44° 4.51° 4.44™ 4.26% 4.45° 4.24°
Moisture (%) 65.50° 72.80° 73.60% 73.85° 64.70° 69.25° 69.85° 68.00°
WSC? (%) 2.61° 2.23% 1.87% 1.39° 4.93 433 438 5.29
NH;-N (mM) 14.43° 8.52¢ 11.80° 10.05° 4.42 431 4.53 4.19
45 day
pH 4.59° 4.12° 4.15¢ 4.34° 4.55 4.34 4.59 4.50
Moisture (%) 66.00° 70.70° 70.20° 70.20° 64.30° 70.05% 70.10° 70.35
WSC? (%) 2.82 2.25 2.40 321 4.60 3.99 4.09 4.69
NH;-N (mM) 12.92° 6.66° 8.20° 7.72% 3.85° 3.32° 3.68%" 3.48%®
60 day
pH 4.66 4.52° 4.11° 451° 4.47 4.44 4.52 437
Moisture (%) 65.35° 73.90° 72.70° 73.10" 64.15° 68.30° 69.95 68.10°
WSC? (%) 2.71 247 243 231 4.72 470 4.84 5.64
NH;-N (mM) 13.81° 7.10° 7.89° 7.75° 4.49° 3.48° 3.97® 3.84%

DIRG, Italian ryegrass,
reuteri, ® T3, Lactobacillus casei + Lactobacillus reuteri,

2 WCB, whole crop barley, 9 WSC, water soluble carbohydrate, YT1, Lactobacillus casei,

T2, Lactobacillus

*¢ Within a column and forage type means followed by different letter differ significantly (p<0.05).

(p<0.05), IRG A& A A g v]3] WCB AL Aol A
FEAES S ako] =2 AHTES HArh Ald A A
ZA] g A < A5 dEFe] HAaEEY o
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HY o fref#Ql Apel= 1 2 eFokeh ey g 45

dofl IRGO f2HrE 7S 79 60Y o] WCB AY
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NDF ¢o] fro]4 o 7& SFATH (p<0.05). AL EA] =
AL A Wstel] wgh At stel] o)shH Kennedy et

al. (1989)& Akt xmi ADF §uto] 7ha®tia B
FR 3, W] Gordon (1989) 2 Patterson et al. (1997)->
frAbt A2 ADF deFo] F7hehtkal 3k3it). Keady and
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sk Ade Blou folAdS glddtkar ake] 2 <d9t9h
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Table 4. Changes of NDF and ADF on silage of Italian ryegrass and Whole crop barley

IRG" WCB?
ftems Con 1Y 20 ™  Con Tl ™ e
30 day
NDF? (%) 66.25 66.43 62.36 64.17 60.06 60.51 62.88 63.00
ADF? (%) 39.62 39.99 38.68 38.56 39.38 34.12 36.37 36.72
45 day
NDF (%) 64.98* 62.10° 61.81° 62.05° 69.93° 74.89° 72.91% 7177
ADF (%) 40.59* 38.41° 38.24° 38.42° 41.29° 44.61° 43.66™ 43.27%
60 day
NDF (%) 63.26° 65.88" 61.04° 60.67° 67.22° 64.43° 63.64° 60.72°
ADF (%) 36.60° 38.21° 35.31° 35.43° 37.85° 35.95" 35.42° 33.58°

DIRG, Italian ryegrass, 2 WCB, whole crop barley, 3 NDF, neutral detergent fiber, Y ADF, acid detergent fiber, 9T1, Lactobacillus
casei, © T2, Lactobacillus reuteri, T3, Lactobacillus casei + Lactobacillus reuteri,
*¢ Within a column and forage type means followed by different letter differ significantly (p<0.05).

Table 5. Changes of organic acid on silage of Italian ryegrass and Whole crop barley (mM)

IRGY WCB?
ftems Con T1? 29 T3 Con Tl T2 T3
30 day
Lactate 26.94% 38.88° 36.71% 22.75° 20.71° 25.52° 21.25° 32.10°
Acetate 17.36 17.93 21.14 28.76 12.43° 14.89% 16.84° 13.50°
Propionate ND? ND ND ND 1.18° 4.43° 4.30° 420°
Butyrate ND ND ND ND ND ND ND ND
45 day
Lactate 27.22 34.88 39.07 25.43 13.03 15.39 9.95 12.89
Acetate 15.96 15.64 15.33 20.40 10.90° 14.45%® 17.15° 14.37%
Propionate ND ND ND ND 1.20° 4.79* 4.15° 4.45°
Butyrate ND ND ND ND ND ND ND ND
60 day
Lactate 31.53 20.34 34.26 21.16 19.87 11.81 11.29 15.56
Acetate 18.04 23.53 14.42 22.13 12.24 17.57 17.64 16.34
Propionate ND 1.06 ND 2.9 2.83° 6.15° 5.05% 5.61°
Butyrate 2.09 ND ND ND 2.85 ND ND ND

DIRG, Italian ryegrass, Y WCB, whole crop Dbarley, Y T1, Lactobacillus casei, ¥ T2, Lactobacillus reuteri, > T3, Lactobacillus casei +
Lactobacillus reuteri, © not dected.
*¢ Within a column and forage type means followed by different letter differ significantly (p<0.05).

et A7t Ao R = F7IAF S UERAL A 3093 4590] Ak ATt A vlszgk AdE e
hp<0.05). T3t =F7F {714 -2 Lactobacillus casei  WTh. 18U 4F AFAA = vAES Hrleiges A
S H71E IRG AFLE A7 WCB AFdEIAHE =9ty 1 dEix]e] At 9 24ke] A ko] wHlgh AoR KWy
i 60d A & Ak 24k EES Az & st QLo (Filya et al, 2007), ol HAES] FRF 2 FANR
£ HolA| Utk Choi et al. 2011ab)> ikt H7kel o FFHel  wel IS e Zlew HelY
we} lactate?] haFo] FT7Fetial Ryl Edl Aol (Contreras-Govea et al., 2011). & Ao &= &g 30
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Table 6. Changes of microbes on silage of Italian ryegrass and Whole-crop barley

IRG" WCB?
ftems C T1Y 2% T3 C T1 ™ e
on on
.......................................................... Log cfu/g. e e
30 day
LAB?Y 7.79 7.78 7.88 7.69 7.79 7.78 7.88 7.69
Yeast ND” ND ND ND 5.88 4.04 4.88 423
Fungi 3.85 2.72 2.61 2.68 ND ND ND ND
45 day
LAB 6.77 6.69 6.18 6.97 7.18 7.20 7.04 6.98
Yeast 5.87 6.61 5.94 ND 6.40 6.34 6.49 6.08
Fungi 3.58 3.87 4.18 2.74 5.04 ND ND ND
60 day
LAB 7.20 7.32 6.23 7.28 7.32 7.26 7.40 7.34
Yeast 6.45 5.40 6.15 6.23 5.23 5.53 4.52 6.38
Fungi 4.00 ND ND ND ND ND ND ND

DIRG, Italian ryegrass, 2 WCB, whole crop barley, % Lactic acid bacteria, ¥ T1, Lactobacillus casei, > T2, Lactobacillus reuteri, ® T3,

Lactobacillus casei + Lactobacillus reuteri, " not dected.

abed Within a column and forage type means followed by different letter differ significantly (p<0.05).

Ao w Aaka Zabe] Frhstlon, A7 $ 450
= WCBO fAktS A5d AelTtolA 2Ato] feojAo
B F7kske FeR Hol A7 wE o] Z A
o2 AlZEnl HE3F Propionatei= FA|HE] AL A4
SR dx R it J7 =2 e o
EFSETh (p<0.05). AFLE A #2& A 37| butyrate™

(4) AMLelX|el n|ME Hs}

IRG At A|e} WCB AL x]e] wAE WstE ZA}
Table 6°] UERAQITE RE Ag)Tt 2 g7
fAbt = 7.7~79 log CFU/ge] 52 & UehtA|
At H7bell e AMdE AU fakt 7 SbskE

[eXXe)

! &3
thoole Akt VbR Qg f4F HEE pH Ae H
propionate A/ 0% Folo] AFols ARHor EeTh
e Alwsdva AlREH, A AR FEEidel
Hast HAs o Addnh AtdelA] dEe] Akt
o] b= AEA Y AEA B BEAS FINTIE A
|3 FHoR ojgd F ASFS Ao, 574 ¥

A7t oy w AR & HASAT F2 GRS FF o]
of ¢J3] A (Hara et al., 1979; Woolford, 1990)3}22
AHTE HUMgte R fellds AAIATI FEe AMdE XA

g Azsed 222 F 5 U Ao Auwn,
V. & <

2 Ao A= hetero HEFANT H7P7F ojgE ot glo]
aeks % EANE AQLA) AR 2 BREL

A g zAsdt A AEFFE AU
A8l AT 6 (L. plantarum IMAU 70164, L. acidophilus
KACC 12419, L. casei KACC 12413, L. reuteri KCTC
3594, L. buchneri KACC 12416 and L. diolivorans KACC
12385)S o] &3l om, 24k o] =& L casei KACC
124169 23|24k Fhgo] =& Lo reuteri KCTC 35945
#HE Adeste] AldEAE Axsdoh A tix=T,
L. casei 27V, L. reuteri A7V R L. casei, L. reuteri
EFHTE B 309, 459 9 60U ATk pH
IRG ArdEA9] A9 Akt H7F7F dizTo vlE)
koH (p<0.05), T, A B RAMGHE ek A4
A7Fe Aol A w2 Ao ® et (p<0.05).
A wrrslEe] gk L casei KACC 124169} L. reuteri
KCTC 35945 Zujefet HeFola 71 vttt (p<0.05).
ZZIARE fFAE JEE FAERAA A 7Iks<t
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butyrate™ W& 6042 T oA SAHEAUCE AL
o] mAE S84 IRG AFL A wiY 60Lell ikt 3
7ol A wgol7E AAlE e, WCB AHL el Al Akt
= A7k ATl A w7t AEHA FUTh

o|Ale] A AER E Lq] e #3E HE3 A}
2]x]el H]3l] co-culture (L. casei + L. reuteri)Z 35S
At AGER A By gapdo|glon, T3
& AEg7F AR AALEAY 5 Z2IXAE AN
o ol= AtdgA Y FAMNA Eus ZORE %

= At

=

==
T

= %o & o

o= 20149 wE2AEH AFAKY (AE

%‘—@% S 2 AbEVEA] SRS S3 St vl
A Al z7)E0E, A S PT 0091562014) Xl 2]
s A= Sk
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