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Table 1 Harvest date, growth stage, and vegetation composition of herbage

Herbage lot. Dominant grass species Harvest date Growth stage Vagetation composition®
A QG 9-Jun-2017 Boot QG 56 %, TY : 29 %
B vt 14-Jun-2018 Heading emergence QG : 53 %, OG : 31 %
C RCG 21-Jun-2017 Heading RCG : 56 %, OG : 21 %
D ” 21-Jun-2018 Heading RCG : 70 %, OG : 30 %
E TY 16-Jun-2017 Heading emergence TY 99 %
F ” 28-Jun-2017 Full heading TY : 100 %
G ” 8-Jun-2018 Heading emergence TY : 98 %
H ” 25-Jun-2018 Full heading TY 99 %

"means ditto. ?Dry matter base, QG : Quackgrass (Agropyron repens P. Beauv), RCG : Reed canary grass (Phalaris
arundinacea L.), OG : Orchard grass (Dactylis glomerata L.), TY : Timothy (Phleum pratense L).
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Table 2 Chemical composition of herbage samples

Herbage Chemical composition of herbage
lot. DM CP CPs NDFom  ADFom  Hemicellulose Oa NFC

% FM % DM

A 24.4 16.3 5.35 60.3 32.0 28.4 9.8 17.8
B 18.1 15.2 5.56 63.6 34.8 28.7 9.5 15.2
C 19.1 13.2 4.35 68.2 39.0 29.2 57 12.2
D 14.8 18.1 6.25 64.3 355 28.8 9.1 10.6
E 13.2 13.8 4.64 64.5 37.1 27.4 10.5 14.4
F 23.3 7.6 2.62 69.3 41.2 28.1 8.4 17.6
G 17.9 16.1 4.68 63.4 34.1 29.3 10.9 14.8
H 18.0 10.9 3.47 68.1 39.3 28.8 9.3 144

DM : Dry matter, FM  Fresh matter, CP @ crude protein, CPs :

soluble protein, NDFom : neutral detergent fiber,

ADFom : acid detergent fiber, Hemicellulose : NDFom-ADFom, Oa (high digestible fiber) : OCW (Organic cell wall)-Ob (low
digestible fiber), NFC (Non fibrous carbohydrate) : 100~ (CP+Ether Extract*NDFom-NDICP (neutral detergent insoluble crude

protein) +Crude ash)
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Table 3 Sugar content, buffering capacity, lactic acid bacteria count, contaminants of herbage samples, and silo density

Herbage Chemical compositiont of herbage Lactic qcid Contaminants  Denstity
lot.  Fructose Glucose Sucrose Fluctan ~ WSC BC WSC/BC  bacteria
%DM mE DMg! g Eq! %%ﬁgj DMkg m™
A 1.84 1.60 2.28 2.59 8.98 0.299 300 NT Withered grass 140
B 1.41 1.44 2.42 0.25 7.52 0.353 213 4.0 none 122
C 1.26 0.99 2.00 0.54 577 0.343 168 NT none 122
D 1.17 0.73 141 0.74 4.77 0.321 149 6.5 none 111
E 0.95 1.43 1.63 0.15 5.82 0.279 208 NT none 123
F 1.11 2.29 4.24 1.63 10.04 0.222 451 NT none 125
G 0.79 1.09 2.08 0.13 511 0.344 149 49 Manure 110
H 0.97 1.42 2.56 1.50 6.63 0.256 259 5.6 none 105

WSC : water-soluble carbohydrate (by modified anthron method), BC : Buffering capacity, mE : Milli equivalent of hydrochloric acid
required to reduce pH to 4.0, CFU : Colony forming unit, NT : not tested.

2. BERMIZEDRABHREOHENR

BRI ORI A L — Y DRSS R X ML
FETREBERUNOR LT, WEGINY A L—0F, &
I, pHE L OVBN/INAAH EICE < (p<0.01),
ABMEERIOVAaTRERCEP> T (EhZEh
p<0.01, p<0.05), F7z, FARMY A L—I0F, EEM
IZ lb _NDFom & # 8 °R0fk < (p<0.01), ##HH L O
WSCH EDERFREDLE Moo (2 F 1p<0.01,
p<0.05).

BHRINC X 2VA 27 o EigEFEEIEIC LY k&
<Eipode, FEEB, E, FBXUHEH WY A L —
U, EARMTOpHIFZA0LL T LR <, VA =2 7 1E88x5%
DEEE<BETHY, WAL 2VAa T OmE
TEIX Do,

RKEOHNEINEA L ZFEREAZ AN A L —
VX, SERINCIEpH23.08 & Khr o 7203, EEEE230.19%FM
M &4, VA a 737258 L 7o e, BAERIMY A L —
VTR BRI B ST, VBN/INEIZERIN L Y K
<, VAa7idu2btm<BEE -7,

HEAENEA LR EGE W A L—0, IR
JNCITEE L & 8 230.85%FM, pHIF5.14L &<, VAT
WFAm e EERbD Lot —J7, WHRIEMS A L —
T TIE, BEEREE130.05%FM, pHiF4.37& 72, VA =z
TIXT3 A5 LRI L D LEEE ICE P o T,

FUBIECHR AW T2 A L — 0%, SR TIXEREE A
0.05%FM & Ik & vz 28, pHIZ4.24 L K<, V&

T4 TH o To. BHITMY A L — 2 TR
W, HEREESE <, BBRIIMREINT, VBN/IN
&L, VA 78714 S BE L RoTz,
FERIEDZ Wz A L— D0, mIEITIE, ERERE
RIS R0 o 7208, HEREEH0.56%FM & K <, pH
134.65L B <, VA TI3626/5 L oz, —F, W
P4 L =TT, IS EAN41%FM & ERIN 02.50%
&<, pHIF4.22 L kD> - 7225, VBN/INIZERMN & [F2
ET, VA 71654720, JIRINE OEIT/ NS o
7.

3. BHEOWSCEEH LUWSC/BCEEEH A L—U %
B A E DRIR

JFEHE OWSCE &R L OWSC/BCH:, Zheiv e YA
L—YOVA a7 ORFRERNICR L2, WSCEER X
UOWSC/BCHMN—EELA T IC 725 EVAa TIZART 5
AR BNz, £ T, FEAFESHIEDRA DRZEN
RRENDFEEALGERERE, 2 b ORICHTILER
BUFET NV EH T E 25, EHRM, "WEGNY A
L—y, ZRENICEHERYTTEY 2R L7z (WSC
R=4EY5010.816, #A10.954, WSC/BC ; R*=#¥5/10.970,
wN0.988) . i b D EIFROFTEENIE, WSCEHEIZD
WL, MEINCIX5.87%DM, RAIEMY A L— T
135.50%DM, WSC/BCH T DWW Tk, #EHHNTIix197g
Eq, #NHA L — Y TiH174g/EqTH Y, T2 HA|
WA L — Y ORS00 h o 72,



OB b BERAD LR R O FERE L UCERIR 23

Table 4 Effect of adding enzyme-containing lactic acid bacterial inoculant on fermentation quality and chemical
composition of silage

Herbage Organic acid Chemical composition of silage
2
ot Treat'  pH “Tactic Acetic Propionic Buyric VBN/IN V-SCORE* ™ ™ o .
acid acid acid acid

""""""""""""" %FM o % %FM %DM %DM

A Control 4.08 2.23 0.47 nd 0.19 10.0 72.5 21.8 59.2 0.79
Inoculant  3.87 2.52 0.29 nd nd 75 94.2 22.3 57.3 0.88

B Control 3.93 244 0.56 nd nd 8.0 91.3 18.6 62.5 1.15
Inoculant  3.79 2.79 0.46 nd nd 7.2 93.6 189 61.9 1.29

C Control 4.24 1.47 0.43 nd 0.05 12.6 74.1 18.2 66.5 0.48
Inoculant 4.01 2.03 0.47 nd nd 10.2 87.1 18.6 65.9 0.54

D Control 4.65 0.56 0.74 0.13 nd 155 62.6 17.2 65.4 0.59
Inoculant 4.22 1.41 0.70 0.09 nd 15.0 65.4 17.9 63.4 0.69

E Control 3.79 1.72 0.42 nd nd 7.3 93.7 16.1 65.3 0.38
Inoculant 3.74 2.02 0.30 nd nd 6.9 954 16.5 63.8 0.57

F Control 3.76 1.99 0.20 nd nd 5.2 994 218 69.5 1.52
Inoculant 3.61 2.48 0.22 nd nd 4.8 99.9 218 69.0 1.36

G Control 5.14 0.06 0.77 0.16 0.85 29.9 44 16.5 63.8 0.97
Inoculant  4.37 1.32 0.92 0.12 0.05 11.5 73.4 17.3 61.0 1.12

H Control 3.93 1.55 0.36 nd 0.01 9.9 88.0 17.7 69.3 0.37
Inoculant 3.72 2.05 0.34 nd nd 8.3 92.4 179 67.3 0.51
p—value” 0.006 0.001 0.199 - - 0.006 0.034 0.001 0.001 0.029

! Control : non-inoculation, Inoculant : Enzyme-containing lactic acid bacterial inoculant, *<60 : bad, 60-80 : acceptable, 81-
100 : excellent. * Analysised by pairwise. t. test, FM : Fresh matter, DM : Dry matter, VBN : Volatile basic nitrogen, TN : Total
Nitrogen, NDFom : neutral detergent fiber, WSC : water-soluble carbohydrate, nd : below detectable limit

)
100 T F
80 T
2 260t
3 3
172} 172}
40 T ® Control =40 7 ® Control
A Inoculunt F A Inoculant
20 + Control 20 + Control
......... Tnoculant | G --------- Inoculant
oG .
0 + t + t + } 0 + } + } + } + |
4.0 6.0 8.0 10.0 100 200 300 400 500
Herbage WSC concentration (%DM) Herbage WSC/buffering capacity (g/Eq)

Fig. 1 Relationship between (1) WSC concentration and (2) WSC/BC of herbage and V-SCORE of silage. A-G
indicates herbage lots in Tablel-4. Except for A and G, a segmented regression model was fitted to the
relationship between the WSC content of herbage and the V-SCORE of silage. The regression equations are as

follows:

(1) Control; Y=21.4X-40.1(X=5.87), Y=3.30X+66.3(X>5.87), RMSE=5.40, R’ 0.816. Inoculant; Y=34.3X-98.5(X=5.50),
Y=2.03X+79.1 (X>5.50), RMSE=2.39, R*= 0.954.

(2) Control; Y=0.58X-22.8(X=197), Y=0.03X+84.0(X>197), RMSE=2.18, R’= 0.970. Inoculant; Y=1.09X-96.7 (X=174), Y=0.02X+88.5
(X>174), RMSE=1.24, R*= 0.988.
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Effect of the Addition of Enzyme-containing Lactic
Acid Bacterial Inoculant on the Fermentation
Quality of Unwilted Grass Silage

Keiko MINATO*!, Tsuneki TANAKA™*? Mizuki KISHIDA*!,
Kenzaburou DEGUCHI*?, Hiroki TANIGUCHI*?, and Toru KITAMURA**

Summary

The objective of this study was to evaluate the effect of adding a commercial enzyme-containing lactic acid
bacterial inoculant (a mixture of Lactococcus lactis, Lacticaseibacillus paracasei, Acremonium cellulase and
Meicelase, Snow Brand Seed Co. Sapporo, Japan) in the preparation of unwilted grass silages. The silages were
prepared in 290 L silos, both with and without the inoculant, using, first-cut grasses, primarily composed of
timothy (Phleum pratense L., TY), reed canarygrass (Phalaris arundinacea L., RCG), and quack grass
(Agropyron repens (L.) Beauv., QG). The dry matter (DM) content of the herbage materials ranged from 13.2
to 24.4% and the water soluble carbohydrate (WSC) content ranged from 4.8 to 10.0% of DM. The addition of
the inoculant had a significant effect on QG and TY when they contained substantial amounts of withered grass
and manure. The WSC content of these herbage materials was 9.0% of DM for QG and 5.1% of DM for TY. In
the case of TY, the WSC content was 2 percentage points below the minimum required for the desired effect
with the lactic acid bacterial inoculant alone. On the other hand, in RCG with a WSC content of 4.8% of DM,
the addition of inoculant significantly increased the lactic acid content of the silage, but the volatile basic
nitrogen/total nitrogen ratio was similar, and the quality improvement effect was limited. For other TY and QG
samples with a WSC content of 5.8% of DM or higher, the effect of inoculant addition was small due to the
good quality without inoculant. The relationship between herbage characteristics and fermentation quality suggests
that inoculant addition may improve the quality of the herbage materials that are difficult to improve without
inoculant addition due to their low WSC content and WSC/BC ratio. In addition to WSC content and WSC/BC
ratio, it was also suggested that crude protein soluble (CPs) content, non—fibrous carbohydrate (NFC) content and
bacterial contamination may have an effect on inoculant effectiveness. Herbage material characteristics vary
according to grass species, fertilizer management, and harvest time. In the future, the conditions for effective

expression of different additives should be clarified using a greater variety of materials.

*1 Hokkaido Research Organization Animal Research Center, Shintoku, Hokkaido, 081-0038 Japan
E-mail: minato-keiko@hro.or.jp

*2 ditto. (Present; Hokkaido Research Organization Dairy Research Center, Nakashibetsu, Hokkaido, 086-1135
Japan)

*3 Snow Brand Seed CO., LTD, Hokkaido Research Station, Naganuma, Hokkaido, 069-1464 Japan

*4 ditto. (Present; Snow Brand Seed CO., LTD, Tokyo headquarters, Chiba, 261-0002 Japan)
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