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Table 1 Chemical composition of ensiled forage.
Moisture  WSC  NDF ADF Hemicellulose
[ 00 , ((J,(») D\[) -—

Alfalfa

Early blooming 79.7 3.0 19.4 41.9 7.9

Full blooming 2.5 9.3 52.2 119 10.4
Timothy

Early heading 79.5 8.4 68.0 375 305

Full heading 2.7 9.0 70.0 401 29.9
WSC: Water soluble carbohydrate. NDF: Neutral detergent fiber.
ADF: Acid detergent fiber.
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Table 2 Fermentative quality of alfalfa silage.

Acids(% of fresh silage)
Additives pH Flieg’s DM Gas
Lactic Acetic Butyric  Total mark  NH,-N" recovery loss

Early blooming

Control 4.79"¢ 0.96%" (.28%80 0.47% 1.7380 34 13.28¢ 93.2485¢  58°
LC? 4.34700 2.11¢¢ ().42"¢ 0.02% 2.61%¢ 79¢ 10.328> g3.248ec 3770
ACY 4,182 1.66¢¢ 0.91¢¢ 0.00* 2.63"¢ 75¢ 10.2480 84.742 5.0°
LC+AC  3.90™ 3.27" 0.445¢ 0.01* 3.73¢ 100" 8.7ABab g7 1Aep 2.9
FA® 4,472 (.18 0.13* 0.07* 0.44%2 18* 3.8 99.2%¢ 1.5%
SE» 0.072 0.077 0.02 0.045 0.131 1.1 1.02 1.29 0.56
Full blooming

Control 5.89"¢ 0.42% 0.17 0.86 1.77% 1142 19.4® 85.0° 7.280
LC 5.33Ae ()67 0.39 0.67 2.0080¢ 184 18.7% 83.32 6.5"P
AC 4.23780 1.81480 0.44 0.02 2.338¢ 8(*8e 5.5% 87.32° 2.1
LC+AC  4.03™ 2.67" 0.46 0.01 3.20¢¢ 99up 5.6* 87.92° 1.928a
FA 4,398 .23 0.23 0.01 0.514 2248a 1.9* 92.9° .24
SE (.215 0.191 0.112 0.169 0.086 9.2 0.95 1.30 0.68

1) 9% of total nitrogen, 2) Lactic acid bacteria, 3) Acremonium cellulase, 1) Formic acid. 5) Standard error. A B C D: P<C0.01,
abcde P<005.

Table 3 Fermentative quality of timothy silages.

Acids(% of fresh silage) Flieg’s DM G
Additives pH leﬁj NH,-N" ery las
Lactic Acetic Butyric  Total mar recovery 088

Early heading

Control 5.14% 0.32% 0.37% 0.708 1.92280 5 25.28 83.0% 10.88¢

LC® 3.88% 1.63780 0.13% 0.06* 1.9028 78Abbe 6.4* 90.7480¢ 3.14a0

AC?» 3.49* 2.528¢he ().194 0.00* 2.748¢Pc 100" 5.5% 87.0"Bar 2.43ap

LC+AC 344 3.37¢¢ 0.20* 0.01% 3.61¢ 100%¢ 4.44 85.64Bav 1.742

FA® 4.74% (.28 0.14* 0.13% (0.58% 267Hap 4.4% 92.78¢ 4.840

SE® 0.081 0.171 0.020 0.035 (.165 9.8 0.92 0.97 0.44

Full heading

Control 5.35¢ 0.49* 0.11* (.00 0.78%" 402 12.1%¢ 92.6%ka 5.2%

LC 4.22" 1.35%¢ 0.32% 0.04 1.78%8¢ 672> 8.78¢ 9().2%2 3.3°

AC 4.11"% 1.06" 0.58¢ 0.00 1.66%¢ 7740 5,140 90.14= 2.6¢

LC+AC 357 2.28" 0.14* 0.00 2.45¢ 90" 4,230 91.848a 1.28

FA 4.16" 0.26* 0.06* 0.00 0.33* 87" 1.5% 08.780 0.2%

SE 0.025 0.053 0.019 0.00 0.058 8.3 0.42 0.85 0.07

1}, 2), 3), 4), 5) Same as in Table 2, A BC D E: P<0.01. a b ¢ d: P<0.05.
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Table 4 Analysis of variance for fermentative quality of silage.

Variance

Acids(9 of fresh silage) DM Gas

Factor f  Moisture pH Flieg's NII, NP recovery loss

(%) Lactic  Acetic  Butvric  Total mark % %)

Material(A) 1 118** 1.19**  0.02 0.26%* 0.15%* 1.03** 1.782.23% R Rk (.21
Maturitv(B) 1 105.90%* 0.84** 257 0.01 0.00 2.58%* 60.03 911" 1.25 ST KA
AxDB 1 9.27%* 0.22* 0.01 0.05* (0.34** 0.59** 1,625.63** 36047 200,75 8.64**
Additives(C) 4 1.61%F% 2.79* 891 0.17** 0.36* 44 7.091.55% 248.00** 96.52%* L5
AxC 1 0.12 0.20**  0.06 0.04** 0.06* 0.07 560,35 * 21657 I i S5.16%*
BxC 4 0.98** 0.34**  0.32** 0.02 0.07* 0.17** 1.257.15™ 25.86%* 23657 Dol
A~ BxC 4 0.86** 0.17**  0.59** 0.09** 0.12** 0.207* 837.00** 45.94* 21.55%* T.a6*

Error 20) 0.13 0.03 0.04 0.01 0.02 0.03 12543 1.8 200 0.19

1) % of total nitrogen, * P<C0.05, ** P<<0.01.

(P <0.05) 124785 o L 72, AT o523 Wld, BEMCIEN, ACIEINZ X - TS (P <
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BT, F 7o, SRR, ALY HCY) KRS L ORI NFENAT B 6 10z, NDF ik4¢s L O ADF
2RI 'T’\’C@IHH (P<0.01) I2BWTx WiRHE GBI AT a7z, ~ TR
nmuﬁw - 72, O— 2k, BRIRINZ I, FRERINTIEATE
2. WSC & & UtRE B R AL 12 (P<0.01) ICTFL 7.
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WSC i, MBUBE D &R L O Z it o oA MRS T, &l & L 5 mmnm A b fL
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72. WSC 2803, XRERM & o MBL[H]IZ FOMNI FNFIATTE A AL, ~ T2l o—
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Table 5 Chemical composition of alfalfa silage.
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Losses(%)
- . i Hemi- B Hemi-
Additives Moisture WSC NDF  ADF WSC NDF ADF
cellulose cellulose
(%) (%DM)
Early blooming
Control 80.848ap 1.8* 50.6 42 470 8.3 80.1# 4.5* 5.8% —2.92
LC 8().94Bar 2,14 50.0 43.3° 6.7 77.38 5.6% 3.6% 17.0°
AC 82.6%¢ 2,14 48.6 41.02° 7.7 78.4%  16.6° 17.2% 13.2°
LC+AC 82.10v¢ 3.04 47.2 40.1# 7.1 68.6%  16.8° 16.7" 17.3°
FA 79.8% 7.88 49.6 40.5%° 9.1 7.4% 0.5* 4.14 —19.78
SE 0.25 0.48 0.69 0.49 0.50 6.26 1.18 1.28 5.81
Full blooming
Control 76.2¢0 1.4 57.5%  47.7° 9.8 87.28¢ 6.4 3.1 19.6%°
L.C 76.7° 1.5 58.1° 47.8° 10.3 86.75¢ 7.4 5.0 17.3280
AC 75.9¢0 3.4%° 53.0¢ 43.5% 9.5 67.85> 114 9.3 20.0%"
LC+AC 75.82° 2.8%b 5278 43.28 9.4 73.38¢ 115 9.3 20.1%°
FA 74.5% 8.20¢ 53.32%  43.1* 10.3 19.0% 5.1 4.4 7.942
SE 0.33 0.31 0.89 0.70 0.23 1.80 1.38 1.55 1.18
WSC: Water soluble carbohydrate, NDF: Neutral detergent fiber, ADF: Acid detergent fiber,
A B: P<0.01,a b c: P<0.05.
Table 6 Chemical composition of timothy silage.
Losses(%)
. . . Hemi- . . Hemi-
Additives Moisture WSC NDF  ADF WSC NDF ADF
cellulose cellulose
(%) (% DM)
Early heading
Control 82.6%¢ 1.9%  68.0%  44.19 23.92° 81.7%*  17.0 2.47Ba 81.7#°
LC 81.348ap 3.1 652" 41.28¢ 23.980 66.7%>  13.0 0.2%2 83.8°
AC 82.148b¢ 3.44ab 5910 37.048e0 22.1# 64.85° 244 14.2%¢ 82.2¢0
LC+AC 82.4A8¢ 4.5%0 5844 35.2% 23.1°° 54.348>  26.5 19.5¢° 83.7°
FA 80.8% 7.7%¢  65.7%  39.5%Bcee 26.1° 14.5% 104 2.248a 77.6%
SE 0.20 0.41 0.67 0.55 0.59 5.00 7.92 1.61 1.07
Full heading
Control 74.338ab 1.7* 72.2¢¢ 44.7¢ 27.6% 82.6" 4.4% —32% 77.3480
LC 75.1%° 1.7 718 44.58¢b¢ 27.38 83.2° 7.4%88 () (MBab 768480
AC 75.28° 6.3¢ 65.74  40.8% 24.94 37.58% 15.5¢%  8.4B¢ 78.65°
LC+AC 74.8200 3.4% 66.2%%8 4].5% 24.7% 65.6¢ 13.18¢k  5,0ABbe 78.480
FA 73.0M 8.6" 68.78>  42.0Pa 26.7% 6.5 3.1% —3.3% 74.3%
SE 0.24 0.17 0.31 0.30 0.20 1.75 0.76 1.01 0.37

WSC: Water soluble carbohydrate, NDF: Neutral detergent fiber, ADF: Acid detergent fiber,

A BCD: P<0.01,abcd P<0.05

12 (P<0.0D) 8L 7z, LC@HmME ACIRmMB LU
LCHACEmMEDM, £72, XEHRME LC+HACKE
M nic # N FA S (P <0.01) &5z,
~ I bLo— A AR, XERIRIE LCRmE &
WACHME DDA ATERE (P<0.05) AL
72,
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0.01) ickshnl, £72, ZFius SLEREIC LA ER
(P<0.01) #5072, NDF &®id, Wit
~, LC & & horas (P <0.05) oM, ACHM
& XETM (P <0.01) off, #72, LCHACHM
& XM (P <0.05) &fic 2N EFNAEED
A7z, ADF &=is, Rt~ LC @ikl
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Table 7 Analysis of variance for chemical composition of silage.

Losses(%)

. Moisture N R Hemi-
Factor WSC NDF ADF

(%) cellulose  WsC NDF  ADF Hemi

(%DAN) —— cellulose

Material(A) 1 118> 6.62**  1.964.06*" 19.00**  2,633.48** TIRATH* 241.77*% 109.23** 46,884.15%*
Maturity(B) 1 405.90** 0.30 321.89**  113.03** 50.09** 24.79 248.307*  228.29** 133.15%
AxB 1 9.27** 0.05 0.01 0.29 0.19 80.68 207.39** 2347 695.72**
Additives(C) 1 1.61** S1.67** 57.76** 37.20%* 5.91**  6.441.80%*  250.33** 260.42** 301.91**
AxC 4 0.12 1.22%* 7.92%* 3.22%* 1.72** 135.79* 2.00 6.72 137.00**
BxC 4 0.98** 3.06** 4.52%* 144 1.80** 299.66**  22.81**  37.64** 39.04**
AxBxC 4 (.86** 0.54 2.53 4.40** 0.71 78.38 8.64* 6.48 63.10*
Error 20 0.13 0.26 0.91 0.56 0.34 38.90 3.01 3.82 18.21

WSC: Water soluble carbohvdrate, NDF: Neutral detergent fiber.

ADF: Acid detergent fiber. * P <0.05, ** P<0.01.
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Table 8 Simple correlations between variables of alfalfa silage.
Acids(% of fresh silage)
Moisture pH Flieg's DM
%) Lactic Acetic Butyric Total mark rec(gyf)zry NH-N®
WSC —.2573 —.3101 —.4005 —.4183 —.4687 —.6799* —.2833 6809*  —.7754**
NDF —.7775** 7888** —.5106 —.3657 7386*  —.2817 —.5698 —.4254 5291
ADF —.6159 .8308** —.3951 —.2777 7973*x —.1228 —.4860 —.5014 .6988*
Hemicellulose —.8796** 4878 —.6272 — 4378 4153 —.5501 —.6020 —.1449 (354
WSC 1609 3019 4083 4340 4573 .6882* .2976 —.7429* 7517*
NDF 2857 —.4592 7526* 7962**  —.3233 .8136** 457 — 6950 —.0036
Losses ADF 5109 —.6046 .6813* 7833**  — 1670 6708* 6980* —.4368 —.1726
(%) Hemicell —.2648 0315 5282 4240 —.0896 6862* 4796 —.8124** 3178
ulose
WSC: Water solube carbohydrate, NDF: Neutral detergent fiber, ADF: Acid detergent fiber.
a) % of total nitrogen. *P <0.05, **P<0.01.
Table 9 Simple correlations between variables of timothy silage.
Acids(% of fresh silage)
Moisture pH Flieg’s DM
(%) Lactic Acetic Butyric  Total mark rec(g\’?r}' NH; N®
%
WSC —.1741 —.1560 —.2439 —.1041 —.2754 —.4164 1915 .5698 —.6103
NDF —.6683* 7070 —.7448* 0143 1534 —.7125*  —.5351 4433 3351
ADF -.5468 7039*  —.7065* 1064 3297 —.5909 —.5787 2578 5186
Hemicellulose —.7520* 5874 —.6609*  —.1419 —.1798 —.7763** —.3517 6689* —.0383
WSsC 1597 1317 2703 1604 .2689 4488 —.1663 —.5931 6072
NDF NV —.5310 .7488* 2771 1268 8737** 3254 —.7863** 0419
Losses ADF 5386 —.6490* B147** .2530 —.1434 8415%* 5017 —.6054 —.2115
(%) Hemicell 8439*  —.3610 6130 1102 2455 7642* 417 —.7748** 2321
ulose
WSC: Water solube carbohydrate, NDF: Neutral detergent fiber, ADF: Acid detergent fiber.
a) % of total nitrogen. *P<0.05. **P <0.01.
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Summary

Early blooming and full blooming alfalfa
(Medicago sativa L.), and early heading and full
heading timothy (Phleum pratense 1..) were en-
siled with additives of the following substances:
cellulase (0.019%) from Acremonium (AC), lactic
acid bacteria (LLC), a combination of AC and LC
(LC+ACQC) and formic acid (0.5% for alfalfa and 0.
3% for timothy), and without additives (control).

The addition of lactic acid bacteria had a
beneficial effect on the fermentation quality in
early blooming alfalfa,early heading and full
heading timothy, but showed no significant syner-
The fer-
mentation quality of all the silages improved with
the addition of 0.019§ AC. This quality was
further improved by a combination of both AC

gistic effect on chemical composition.

and LC, and a good synergistic effect on the
In both cases, the addition of AC
and LC+ AC caused an increase in water-soluble

fermentation.

carbohydrate (WSC) content, neutral detergent
fiber (NDF), acid detergent fiber (ADF), and
The NDF, ADF and hemicel-
lulose content of the silage decreased with the
addition of AC and LC+ AC, compared with that
Hemicellulose losses of

hemicellulose loss.

of the ensiled material.
timothy silages were higher than that of the
silages of alfalfa at all maturities. The additions
of AC and LC+ AC showed significant effects on
WSC content and WSC loss in full heading timo-
thy silages. The addition of formic acid suppres-
sed the fermentation and resulted in the highest
WSC remainig among the experimental silages.
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