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Table 1.

Experimental forage species

(lassification

Corn and sorghum

Soiling millet

and paddy rice

lemperate

grass and oats

Tropical

BTaSS

Temperate

legume

Tropical
legume and

Soy bean

The other

Crop

corn

sorghum

African millet

barnyvard millet

paddy rice

[talian ryegrass
nats
orchardgrass
rescue grass

tall fescue

dallisgrass
fall panicum
green panic
guineagrass
napiergrass
Rhodesgrass

Sudangrass

alfalfa
crimson clover
red clover

white clover

greenleaf desmodiu

phasey bean
siratro
soy bean

stylo

sunflower

Scientific name

Zea mays L.

Sorghum bicolor Moench

Eleusine coracana (L. ) Gaerth.

Echinochloa crus-galli P. Beauv.
var. frumentacea Wight

Oryza sativa L.

Lolium multiflorum Lam.
Avena sativa L.
Dactylis glomerata L.

Bromus catharticus Vahl

Festuca arundinacea Schreb.

Paspalum dilatatum Poir.
Panicum dichotomiflorum Michx.
Panicum maximum Jacq. var.
Panicum maximum Jacq.
Pennisetum purpureum Schumach
Chloris gayana Kunth.

Sorghum sudanense (Piper) Stapf

Trifolium incarnatum L.
Trifolium pratense L.

Trifolium repens L.

Desmodium intortum (Mill.) Urb.
Macroptilium Lathyroides
Macroptolium atre

Glycine max (L.) Merr.
Stylosanthes guianensis (Aubl. )

Helianthus annuns L.

Gl Dol

Variety
P3352

Yumi 113
Pioneer Y56
High sugar

FS-305

Aoba millet

Matsuyama mii

Wasehikari

trichoglume

Natsukaze

Katambora

Natsuwakaba

Sapporo

Growth stage

dough

early yellow ripe
mi 1 k-dough
dough

dough

elongation

heading

milk
heading
heading
flowering
heading

flowering

flowering
heading
flowering
flowering
elongation
heading

heading

flowering
flowering
flowering

flowering

Kurosengoku

elongatin
flowering
elongation
pod forming

flowering

dough
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Table 2. DM*!, WSCP’ and LBC®’

of silage material

14

Species (Variety) DM((%)
corn (P3352) 23. 0
(Yumi 113) 25.5
sorghum (Pioneer 956) 215
(High sugar) 20. 5
(FS-305) 26. 5
mean 23. 4
African millet 12. 2
bamyard millet (Aoba millet) 6. 5
paddy rice 35. 4
mean 21, 4%
[talian ryegrass (Wasehikari) 17. 8
oats 19. 4
orchardgrass 21. 5
rescue grass 22. 9
tall fescue 26. 4
mean s
dallisgrass 19. 5
fall panicum 17. 4
green panic 19. 1
guineagrass (Natsukaze) 18. 4
napiergrass 15: T
Rhodesgrass (Katambora) 18. 0
Sudangrass 32. 9
mean 20: 1*
alfalfa (Natsuwakaba) 18. 3
crimson clover 19.0
red clover (Sapporo) Ihah
white clover 11. 0
mean 16. 24
greenleaf desmodium 14. 3
phasey bean 17. 8
siratro 15. 8
soy bean (Kurosengoku) 24. 2
stylo 18. 9
mear 18. 2*
sunf lower 12,54

a) Dry matter. b) Water soluble carbohydrate.
c) Lactic buffer capacity (Lactic acid mg/DM).

EBE

WS C(%

15. 4 10.0
12. 9 12. 3
8. 2 14. 5
13. 8 10. 4
19. 5 |85
14. 0*  §00
4.2 50.2
b. 2 15. 9
8.6 310
f. 3° 42. 6*
10. 2 35. 3
9.5 28.2
T 32. 9
10. 2 5
85 42.8
g. 0® 35. 3%
4.9 37.8
9. 1 42. 2
4.5 30.5
4.5 30.0
5 8 33.9
4. 4 31.8
12. 0 45.9
6. H® 36. 0"
729 43. 6
7.9 54. 4
B. 7 > |
7.6 36. 1
1. 52 47. 8
ST 39.1
6.9 46.5
5.7 40. 8
T 70. 4
3.9 32.8
5. 9% 45. 8°
10. 342 ik

Means with different superscripts are significantly different (p<0.05).
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16

Table 3. The concentration of total and components of MOSD2' of
individual crops
Total MOSD component
Crops (Variety) — - — _—
MOSD Fructose Glucose Sucrose
corn (P3352) 14. 1 ] 1 T 10.9
(yumi 113) 12. 8 . 8 158 9.2
sorghum (pioneer 956) S Bl 0.8 6. 4
(high sugar) 14. 0 Al 1. 8 10.1
(FS-305) {30 2.0 2.0 9.1
African millet 4.7 0.9 0.5 i
barnyard millet 8-t 1. 0 0.8 6.9
paddy rice 8.6 1.0 Iz 0 .6
I[talian ryegrass 15 2.0 L6 3.9
opats 9.5 {. 4 gl 2.1
orchardgrass T8 5 1. 8 LIV
rescue grass L0023 Bic 3 2= VA
tall fescue T.58 g 2.1 1.8
dallisgrass St 0.7 2.4
fall panicum | 2 ] 0.8 6.2
green panic 4.7 1. 4 RS
guineagrass 7.8 L ] 0.6 6.1
napiergrass 5. 8 2.8 0.9 254
Rhodesgrass b. b 0.8 0.6 a1
Sudangrass 12. 0 252 1. 6 8.2
alfalfa 6.6 4.0 141 1.5
crimson clover 7.9 5.0 J='s 8
red clover A 458 157 L. 2
white clover 7.6 5.2 i Jiti]
greenleaf desmodium ST 3.9 0.8 1.0
phasey bean Ttd 2.1 3.9 [l
siratro T30 4.0 12 158
soy bean 6.5 4.1 0.9 fio'8
stylo 3.9 2. 2 0.7 I 0
sunflower 10. 4 2. 1 0.8 10

d) Mono, -oligo saccharides.
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fable 4.

18

Fermentative qualily of silages after 40 days ensiling period

Silage materials (Variety)

(P3352)

(Pioneer 956)

corm

(Yumi 113)
sorghum

(High sugar)

(FS-305)
mear

African millet

barmnyard millet (Aobamillet)

paddy rice

mean

Italian rvegrass (Wasehikari)

oats
orchardgrass
rescue grass
tall fescue

mearl
dallis grass

fall panicum

green panic

guineagrass (Natsukaze)

napiergrass

Rhodesgrass (Katambora)

Sudangrass

mean

alfalfa (Natsuwakaba)

crimson clover
red clover (Sapporo)
white clover

mean

Organic acid (FM%)

greenleaf desmodium
phasey bean
siratro

soy bean (Kurosengoku)

stylo

sunflower

a) Volatile basic nitirogen.

Flieg' s
pH — -(%)

Acetic Butyric Lactic Total score TN
Sibs w28 0 .92 2.30 95 6. 0
S 031 0 2. 12 2. 43 100 3.9
3.6 0.31 0 1.64 1.95 a5 5.4
3.6 0.52 0 2.02 2.54 95 3.6
3.5 0.50 ] Calae  \REh3 95 |
3.6 0.404 0 Rl e gp* L. 4%
4.6 1. 30 0.17 0. 35 l.32 30 21.5
4.5 (.54 .20 1. 07 1. 81 65 17.5
6.3 0.43 (.16 0. 50 1. 04 40 18,2
5.1 0.75*% 0.18 0.64° 1.41® 458¢ [7.4%
3.8 0. 47 ) 1. 21 1.68 88 h. 4
X8 2 () 2. 82 9. 54 95 3.9
3.9 0.65 0 2.42 3.07 95 4. 1
{. 1 0. 56 0 3. 10  3.66 95 3.9
3.8 0.51 0 2.94 3.45 95 4.5
3.94 [.58% 1] 2.50% 3082 gqre 4. 4*
W 0.10 0.71 1. 35 50 12. 5
3.9 0.38 0 %0 © 248 95 10.7
5:4 1.35 0.35 0.13 1.48 20 32.3
4.5 1. 00 0.08 0.45 1.59 40 19. 3
3.8 0.19 0 V28 o 147 100 5.3
4.5 1.00 0.03 0.56 1.59 45 18. 0
359 0.3 0 2.08 2.42 100 4.3
V0 R O T 3 SO ) il B g 64%¢  14. °
4.2 1. 24 0 .79  3.03 70 6.4
5.0 0.72 0.54 1.29 2.55 50 2151
4.4 1.20 0 .76  2.96 70 8.2
4.6 0.49 0.20 0.78 1. 47 45 12. 4
464 0.91AR 10,19 Dug2s DLUE)AS §RS¥ ROAS
T IO v T 016 0.24 1.47 30 14. 0
4.3 0.99 0 1.39 2.38 70 10.7
4.8 181 0,22 0.28° 2. 32 30 25. 1
47 129 0.29 1.41 3.08 45 16. 3
5.2 110 003 0.29 208 40 16. 6
L s D 2 T U B M S ) 4352 6.5

10®

R T

VBN®’

.16 0.24° L.91°

b) Total nitrogen.

Means with different superscripts are significantly different (p<0. 05).
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" Ll DN \'-HL__‘ I,;{C i
_ _,aH“_ ] 0.09" /089 4 _ U_f15'___
A BT R 5 s
Flieg's _score__ _0_. -'17i _(}.{i:'” S0 95 38 &
| NS:_ not signi_fi_can_;_. v *:_s-;ignific:-lnt p<O. 05_.

¥%¥: significant p<0.01. %%%; significant P50 0.0
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& LTI E(Changs 1988; Masuko and Awaya, 1989: McDonald
and Purves, 1956), Z i a — X (Masuko and Avaya, 1989: ¥ 5 .
1987)2¢ & F & &, 2R R T 1971) =2k &, Z <L oW &
KE->TZTDODHEMBEXED SR T Z, L H» L., B 4£ &z 5
TIVRESTHHEOWS CERBRDPEHmBEICLERENS b, HE LT
SHMOBMBEAREZ b EEX 5 h 3,

~F, WOMBIEKI-THABBIC L 2R(LENEY 2 = & ik
McDonald(198)ik k - THF Tk HINL T LB, F 1 B O F OB iC
FoTHEBTI2EHEBRENENL S & 4 3 & b H B (Gibbss, 1950
Heaths, 1958)s Al - #E A (1968b) @ % W o — x. 2 — R B =
T BMERBEY L & 2 ] L, TOHFMBREOHBERT > -0 X B
R C980)IR 2, S OoOBMOMEABMULTY 4 L — & B L,
TORBGBHEHICREITHEBAME L, hFEE 44 L—-vY DR
BREPLHBEEESE » 3 - » KNS - ¥E2ERF LT I2BE %
MEECHEML MBE®RKS T 25850 RIKAL Y % B Lo
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Wi M LW R 4% (Gonzalez and Ca pintero, 1989: Seal

b, 1986) A &b 3 1T F & & Ly,
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Table 8. Chemical composition of silage materials
R O ) P
Dats I:ddy_ric:: Zu l_il_f;(ig_I;‘:S_ :'i:a_l_f_a_
}_ﬂ:i r;_ ;t,_e . H_a y/9 .--HH_ HE‘_I:_, /4 .fés(!__ o S

Aug. /22/89

Jun. /6/89

bt

St

Growth Stage Heading Dough Flowering Flowering
DM (%) 19. 4 A 208 by
Crude protein 6.9 11.9 12: 4 19. 6
(DM%)

¥V S C (DM%) L0 9. 8 i.. 5 N B
WSC/CP Iy iy 0.8 0.4 0.3
s P o) 2:8. 2 32. 6 30,0 43. 1
a) Unit: Lactic acid mg/DM g.
BMULAEBRINGETCHBOAhLEMBEBEOWS C o WM KsTH 5
M =K, FRIFPESZHEIOS 2 2 8 =2 G4k, e BE R 5 T
PEMBOMEMECTCH 2580 D - ¥ v pn—Z (PUTFTExunp
XYL =TDES =260 TFTFES E) =R NT oORERI
2 A A P— 2 2RI LALE 204 EYW TS 2D = e MR
ST 2= i) LU BUEZHETCHL T T v A2 h
R L BTIELRULABETHED A LB AN U ke HHEERZSY
miZHMY L, BRIz F 1 PEDORYB I = S ppc—%
(550 g) 24 HETEH»D»A S EH LALEK #EH»AALHETH H, 5 0
HE2ETY A o EME L, —F BEMXEHHECH LT




Table 7. Sugars for silage additives and application rate

7 = Material Oats Paddy rice Guineargrass Alfalfa
Saccharides =9
T~ rate(%FN) 1 % 2% 1% 2%

D-Xylose O b) O O
Pentose ) -
Mono L-Arabinose
saccharide D-Glucose C

Hexose D-Fructose

D-Mannit C
Disaccharide Sucrose C & ® @,
Polysaccharide o Lea ek ) G O O

Remark: O : Additive. - : No additive.




{ B IZ500e%2 G DA S EL L - % 4 O HHEEHNICERE L - —F,
MAMXIE 7 L3 -z % iR LM HEEEANREBRKX & [l B IZ &5 A &
MR LK. Uk 0@ 1 0BR2ETHEDRAALY, ¥ E o (b
FHE ZFHALEON B, L EKHUH%ALA FE S8 C i s -
Table 8. Chemical composition and additive rate of
experimental materials for silage
Material
[talian ryegrass Oats Alfalfa
Growth Stage Flowering Heading Eary flowering
DM (%) 18.9 194 16. 8
Crude protein(DM%) &k & 6.9 5%
BSSTCECBNX ) fia%a| 130} S 8.5
WSC/CP 1 ) B .48
[ B G4 325 R T 42.2
Glucose additive
rate (FM%) JI5 .| B S Do . 5. 2 3 0, 2, 3
a) Unit: Lactic acid mg/DM
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Table 9. The effect of saccharides on the fermentative quality of oats silage

T-days ensiling period 50-days ensiling period
Treatment Organic acid (FM¥) Flieg' s Organic acid (FM¥) Flieg s VBN
P —= : — pH =R —— — (%)

Acetic Butyric lactic Total score Acetic  Butyric lactic Total score T-N
Control S8 = 0i4] = 0 2005 it 95 3. 7 0. 48 0 2.89 3. 3 100 8.2
D-Xylose 3.8 * [-46 * 0 2198 3. 25 100 $.7* .49 0 8:18 3. 67 100 b. 5
D-Glucose 8.8 * .38 * ) 283 32 100 3.1 2 D498 0 2.87 **  3.36 95 6.3
D-Fructose g Saioar s 0 2.59 ** 3.0l 100 3:8 % (55 0 3.01 ** 3.56 95 7.0
D-Manni t 3.8 * 0.38 ® 0 2. 86 ® 3.4 100 3.8* 0.40 * 0 2.95 B0 100 6.5
Sucrose 3.8 % 10:40 ° 0 285 = 875 100 Sl T 0 3. k2 3.54 100 %
Starch 38 * 0,342 0 258 " 112092 100 A S DR L 0 2. b7 3.12 95 6.5

* Values within the column with different superscripts are significantly different (P < (.0]).




Table 0.

The effect of saccharides on the fermentative quality

of paddy rice silage

Treatment

Control
D-Xylose
L-Arabinose
D-Glucose
D-Fructose
D-Mannit

Sucrose

Starch

T-days ensiling period

pll

Acetic
0.37 °
%% 0,83/
0 E
=003
A= .33 4
1
"0.33 ¢
B B

Organic acid (FMX) Flieg' s
Butyric Lactic  Total score
0. 02 0.69 ¢ 1. 08 70
0 1.86 © 2. 69 80
0 1.66 ¢ 2.38 88
0 2. 14 2.4 100
0 2.96 * 3.29 100
0 2. 06 2.22 100
0 okl 7Yy LY 100
0 0.56 ° 0.93 80

50-days ensiling period

Organic acid (FM%)

pH

Acetic  Butyric Lactic Total
1.4 .24 0. 04 .00 ® 1. 28
Ll 06T 0 fonhat o2y
boe =S fe2 o 0 Y Hla 7T
i1 0. 36 0 . 37 173
LO* 0.39 0 .44 <% 1.83
1.2 0.17 0 1. 25 1. 42
4.1 *® 0.40 0 158 2<% 1.98
4.3 <9 0.41 0 1. 22 1. 63

¥ Values within the column with different superscripts are significantly different (P < 0.01).

Flieg's

sScore

80
88

88

95
100
95

88
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Table 11. The effect of saccharides on the fermentative quality of guineagrass silage

7-days ensiling period o0-days ensiling period
Treatment Organic acid (FM%) Flieg's Organic acid (FM%) Flieg's
pi — E—— S =—— — pi — = =

Acetic Butyric Lactic Total score Acetic Butyric lactic Total score
Control 44.° .55 ° 0 l. 67 * 2.22 38 4.5 0.42 ®*=  0.05 JLTDe 1. 57 73
D-Xylose 1> 1.88 % 0 253 ° 3. 56 88 3.9 *2.(). 47 B 0 2:896 %% 3.43 100
L-Arabinose 3.9 * 0.56 ®° 0 2.62 °  3.18 95 40° 0.40 % 0 2.83 ** 3.23 100
D-Glucose 3.8 0.49 ° 0 23 * J72 100 3.9 7 0.41 *¢ 0 238t A9 95
D-Fructose 3.9 2 045 ¥ 0 5. 18 %' 353 100 39 {156 =* 0 2.30 ¢ 2.86 95
D-Manni t 8% 0.19 © 0 351 * 3.70 100 g s 0iad 0 Zu0BrHs 22 100
Sucrose 3.8* 0.46 ° 0 3.30* 37 100 18 TRl 1 L | 21275 2,53 95
Starch 4.3 0.56™ 0 1.:50"¢ 2. 06 78 44°% 0.59*% 0.02 50 i 1. 78 75

¥ Values within the column with different superscripts are significantly different (P < (). 01).




Table 12. The effect of saccharides on the fermentative quality of Alfalfa af termath silage

T-days ensiling period H()-days ensiling period

Treatment Organic acid (FM%) Flieg's Organic acid (FM¥%) Flieg' s VBN
pd —— —— pH - (%)
Acetic Butyric Lactic Total score Acetic Butyric lLactic Total score T-N

Control 49 ° 0.60* 0.10 L. 67 2. 37 73 1.8 0.96 ® (.15 .77 2. 88 65 12.6
D-Xylose 43 % 1.36* 0 1.92 © 3. 28 70 4.9 1.04 * 0 241 2 3. 45 38 9.8
D-Glucose 33 * 0:48 == 3.26 % 3.1 100 1.0 * 0.44 ° ) 1 E LV Y/ 100 7.0
D-Fructose 4.1 **0.59 %= 9 2.88 %% 3.47 95 S8 g S| Mo i 0 - B2 3. 65 95 8.3
D-Mannit 4% 90,39 ° 0 2.65 ° 3. 04 100 4.1 % 0.40 © 0 %, 1] i 3.5l 100 1.9
Sucrose 4.1 Yo f50%ed _ g 3.08 ® 3. 67 95 4.1 * 0.66 " 0 2.82 * 3. 48 95 8.1
Starch 4.8 ° 0.68 ° 0.09 .97 © 2.1 73 4.5 ¢ 0271 ° 0.10 k. 9] ° Al 73 1015

¥ Values within the column with different superscripts are significantly different (P < 0.0
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Table 14. Effect on the glucose addit;i

-

'e level an the

fermentative quality of oats silage

Organic acid (FM%) Flieg' s
Treatment pH
Acetic Butyric Lagtiec Total score
Control Sarh 0.48 0 2.89 L 100
blucose 0.5% 8.7 0.45 0 2.90 325 100
Glucose 2% 3.6 0.50 0 3.08 - H8 100
| Glucose 3% V3.6 0.50 0 3% 2 .74 100
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Table 16. Ensiling date. growth stage, dry matter and

chemical composition of silage materials

material

Gbuineagrass Corn
Ensiling date Sep. /15/92 Aug. /21/92
Growth stage flowering dough-ripe
DM (%) Zdsk L2

Chemical Composition (DM%)

Crude protein Sl e 8
Crude fat 3.5 1 2
Crude fiber 3'2:5 7
NEE #2" 42. 9 69.9
Crude ash 13 0 9.9
W 9 4. 4 9.4

a) Nitrogen free extract.

b) Water soluble carbohydrates.
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Table 17.

of corn silage during ensiling

Lactobacilli

(log 10N/FMg)

Streptococci

(log 10N/FMg)

Clostridia

(log 1oN/FMg)

Mould

Yeast

(log 1o N/FMg)

Temperature
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[he influence of temperature on the vaible counts of bacteria
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Table 18.

and Flieg's score of corn silages during ensiling

The influence of temperature on the pll, organic acids content

pH

Acetic acid

(FM%)

Butyric acid

(FM%)

lactic acid

(FM%)

Total acid

(FM%)

Flieg' s score

Temperature

IS

b

w0

(S]]

w

3.8

3.8

0. 41

0. 49

0. 46

1. 60

88

0. 40
U. 48

0. 37

1. 21
1. 14

88

|

14

1. 28
1.18
l. 46

1. 74

1. 86

1. 86

83

25

3. 8
4. ()
3. 8

0. 50

1. 24

1. 82

88

Ensiling period (Day)

0.72
0. 31
0.27

0. 76

2. 31
1. 09

80
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lable 19.

The influence of

temperature on the vaible counts of bacteria

of guineagrass control silage during

Lactobacilli

(log 1oN/FMg)

Streptococci

(log 1oN/FMg)

Clostridia

(log 1oN/FMg)

Mould

(log 10N/FMg)

Yeast

(log 1oN/FMg)

Temperature

n

w

-]

-3

-3

Ensiling period (Day)

Ly

-]

-3

-3

ensiling

b.

wn

-3

wn

9




Table 20. The influence of temperature on the pl, organic acids content

and Flieg's score of guineagrass control silages during ensiling

pH

Acetic acid

(FM%)

Butyric acid

(FM%)

Lactic acid

(FM%)

Total acid

(FM%)

Flieg's score

Ensiling period (Day)

Temperature —_——

03

(4

o

-~

g

(91

2 5 7 14 29 45 100

C 5.9 5.9 54 5.1 %0 5.0 5.2

( 6.1 377 &§F 53 52 51 540

( it 2 2 5.2 51 58 5D

C 0.35 0.29 0.28 0.41 0.48 0.37 0.30
8 0.38 0.44 0.52 0.56 0.63 0.65 0.82
@ 0.44 0.58 0.58 0.54 0.64 0.61 0.83
( 0.0 0.12 0.09 O 0 0.18 0. 42
C 0.13 0.16 0.2 0.43 0.56 0.73 0.86
& 0.17 0.29 0.38 0.65 0.81 0.97 1.02
G 0.33 0.34 0.39 0.75 0.76 0.68 0.50
C 0.27 0.25 0.31 0.39 0.45 0.38 0.36
C 0.33 0.33 0.43 0.37 0.42 0.39 0.38
C 0.76 0.76 0.77 1.15 1.23 1.23 1.92
( 0.78 0.85 1.03 1.37 1.65 L.77 2.04
C 0.94 119 1.38 1.56 1.85 1.97 2. 93
< 45 40 45 80 80 50 30
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Table

of glucose

Lactobacilli

(log 1oN/FMg)

Streptococci

(log 1.3N_/FHg}

Clostridia

(log 1o N/FMg)

Mould

(log 1o N/FMg)

Yeast

! lﬂg 10 N.ffl‘“g )

treated guine:

Temperature

S

e

0
1. 9
B
1. 9
3.3
3.8
3.8
1. 1
1. 1
1.1
28
Ziid
2.8
1. 0
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igrass silage during ensiling

Ensiling period (Day)

b

-

e |

~1

-~

0

oo

-]

.0

-3

~J

6.

.0

.0

. ]
vaible counts of bacteri

o

a

100




Table 22. The influence of temperature on the pl, organic

and Flieg's score of glucose treated guineagrass silages

acids content

during ensiling

Temperature

L 55C
pH 2 5%
e
1 5°C
Acetic acid
2 B
(FM%)
5 s i
e
Butyric acid
2.65°C
(FM%)
3 5°€
iy
Lactic acid
2 9 G
(FM%)
35
1 5%
Total acid
2 B0
(FM%)
< i
| S
Flieg's score 256

0.29

0. 32

0.35
0. 34

L. 86
l. 84

1. 90

Ensiling period

7,
1. 0
1.1
3.7
i Pl
0. 34
0. 26

()
0
]
1. 33
1. 59
1. 28
1. 50
1. 93
15
100

95

14 25
3.9 4.0
1 4 ]
1 42
0.23 0.26

0.31 0.33

0.30 0
0

]

0

1.20 1
.83 1
.63 |
a4 ]
15262 ]
R
45

95

. 33

. 39

- 31

(Day)

45

3.9

4.1

0.37
0.33
(.36

100

0.29
0. 37
0.15

100

80
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Chapter 2 Studies on the silage fermentation.

SUMMARY

[t is essential to establish a more rational and stable ensiling method for

better economic production of ruminant feed. A series of experiments were

carried out to obtain fundamental data for making good sil

ages. The following

results were obtained:

1) The effect of water soluble carbohydrate (WSC) and lactic buffering
capacity (LBC) on the fermentative quality of silage.

Several forage and legume crops were analyzed for WSC and LBC. Grasses

had higher WSC content than legumes. Forage crops for ensil

age (corn and

sorghum) gave significantly higher WSC content than grasses and legumes.

The LBC values of legumes were higher than those of grasses. The LBC value

in almost all temperate forage crops were lower compared to those of tropical

crops. Improvement on the fermentative quality of silages was greater on WSC

rather than LBC. The LBC did not influence the ensilibility of forage crop

which contained enough WSC content to produce the necessary lactic acid.

When the LBC value is too high or WSC content is too low in the crop for

ensilage, LBC influenced the fermentative quality of silage.



2) The Effect of Saccharide Additives on The Fermentative Quality of Silage.

Oats, guineagrass, wilted paddy rice and alfalfa (aftermath) were ensiled

with or without saccharide additives in 1 ( laboratory silos. The additives

examined were : 1) pentose (xylose, arabinose), 2) hexose (glucose, fructose,

mannit), 3) disaccharide (sucrose), 4) polysaccharide (starch). Composition of

organic acid and pH were investigated at 7 and 50 days after ensiling. The

quality of each oats silage was high because of high WSC content and low LBC.

While, the fermentative quality of other materials, such as alfalfa, with low

WSC, were relatively low. With regards to organic acid components, pentose

saccharides as silage additive resulted in the production of higher acetic acid

than other forms of saccharides. Because, in theory 1 mole of pentose is

fermented to 1 mole of lactic and acetic acid by lactic acid bacteria. Starch as

silage additive did not influence the fermentation quality of silage. Among the

silage additives, hexose saccharides efficiently produced lactic acid, because

in theory 1 mole of hexose is fermented to 2 moles of lactic acid by lactic acid

bacteria. Thus, hexose was considered as the best additive compared to the

other forms of saccharides. Silage treated with mannit was significantly low in

acetic acid content, because heterofermentative lactic acid bacteria can not

ferment mannit.

The results showed that in

terms of lactic acid production, hexose and
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disaccharides were more efficient than pentose, so the former are better than

the latter as silage additives. As an additive, starch did not influence the

fermentation quality of silage.

3) Effect of Temperature and additives on the Fermentative Quality and

Microflora of Silages.

The silage materials used in this study were dough stage of corn(Zea mays,

P3358) and flowering stage of guineagrass(Panicum maximum var. Natsukaze).

After ensiling, silos were stored at 15°C (low), 25 C (medium) and 35 ¢ (high)

temperature rooms The silos were opened at 2, 5, 7, 14, 25 and 100 days after

ensiling. The results obtained were as follows:

At lower temperature, the pH of both corn and guineagrass silages tended

to be low, although there were no significant difference among silages. The

viable counts of lactic acid bacteria of the silage stored at high temperature

was higher 7 days after ensiling and that of the silage stored at low

temperature was higher at the end of ensiling period in corn silage. On the

other hand, the viable counts of lactic acid bacteria of the silage stored low

temperature was higher through out the ensiling period in guineagrass silage.

Clostridia appeared only in the corn silage stored at high temperature 20 days

after ensiling. While, the viable counts of clostridia increased earlier in the

guineagrass silage stored at higher te

mperature. With regard to organic acid



contents, the contents of lactic acid of both silages stored at low temperature

were higher than those stored at higher temperature. The acetic acid contents

of the silages stored at high and medium temperatures were higher than that

of low temperature in guineagrass silage. The contents of butyric and total

acids were higher in the silage stored at higher temperature in guineagrass

silage.

These results showed that the silage fermentation advanced more slowly

when stored at lower temperature and storage of silage at low temperature is

desirable to inhibit undesirable fermentation such as clostridia. Temperature

had little affect on the fermentation material capable of producing high

quality silage such as corn but had influenced the material which is difficult

to make high quality silage such as guineagrass.

The LAB additive had no effect on fermentation quality and microflora of

corn silage. On the other hand, the fermentation quality of guineagrass silage

was improved and the ill effect of temperature was decreased by glucose

additive.,

Key words: Fermentative quality, Lactic acid bacteria, Organic acid,

Saccharides, Silage, Silage additives,
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Fig. 4. The influence of air volume on the
changes in silage pH.
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Table 30. The influence of air volume on the organic acid
content during aeration
Days of aeration Air volume
(Day) 22058 3B D S E . Bes up Open
0 {, a8 .43 . 43 0.43 0.43
Acetic 3 0.158 L 0. 14 0.15 0. 14
acid 6 0. 14 e 0. 16 0.08 0.06
0 0. 08 0.08 0.08 0.08 0.08
Propionic 3 0 0 0 0 0
acid 6 0 ] 0 0 0
0 0 0 0 0 0
Butyric 3 0 (0 0 0.01 tr
acid 6 Bl 0 0 0 0.02 t1
0 0 0 0 0 0
Valeric 3 0 0.01 0 0 0. 01
acid 6 0 tr TN . 0
0 0 0 0 0 0
Caproic o 0 0 T 0 0
acid 6 0 0 0 0 0
0 - g L 1 =03 L. 13
Lactic 3 0.89 | 0.:55 0.57 8. 21
acid 6 0.45 0.24 | A tr. o
a) FM%.
b)) trace.
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Fig. 6. The influence of silage density on the changes in silage temperature during aeration.
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Table 32. Fermentation quality of corn silage

Organic acids (FN%) VBN 22
DM(%) oH (%)
Acetic Propionic Lactic Total T-N
AR 35D 0. 33 g 12 0.97 142 0.66

a) Volatile basic nitrogen.
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Fig. 9. The influence of environment temperature on

silage heating during aeration.
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Table 33. The effect of environmental temperature on pH
during aeration
Environmental temperature ( °C)
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] 2 205 3 D 3 5
0 3. b 3.6 e Bl 3.6 3. b
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Table 34. The effect of environmental temperature on the
viable counts of yeast (lg ,oN/FMg) during
aeration

Environmental temperature ( °C)

Days of aeration — S —_—

1 I & 2 0 2 5 3 0 3 5

0 1. b 4. 6 4. 6 4.6 4. 6 1. 6

1 3-h 4.3 e b. 5 7. 2 7.4

2 g 5 S b. 2 b. 6 6.3 6. 8

3 5. 8 i Ti= 1 T« & e T 1§
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Table 35. The effect of environmental temperature on the
viable counts of mould (log ; oN/FMg) during
aeration

Environmental temperature ( °C)

Days of aeration —_— —

1 T L 5 =0 AR5 80 3 %5

0 4. 6 I. 6 4. 6 4. 6 4.6 4. 6

| 4.6 {. 8 =8 6.9 L 7.9

2 D45 6.6 Tt Al Tl 6.6 6.6

3 6.7 7.8 8.4 8.4 B {8

4 s 58 8.6 8. 4 8.2 8.5 T AT

5 8.2 B | [ ol 8. B

7 I 8.4 8.5 Tea 7.5 .3
R3IOGY S olHF®RIZE T 2 Rl B o HEBARL 2, om

WMis 1 HE T, WLHEEBEENE £ 2 KON THERXE £ 2 @E e

= S D% 20CUELEOXWBHMBED #®B % A~ L, 108D 5 10°(8

L X i # L f, A, 1 5 CROEBRBRZThS L HEBAT oL,

l 0O CEKDzhBEoicBhTHMLUL - A oA 0SB IR b9 4

DX bR EBETH - 72,

R - EOK X

X3 TIEHMHBEERRKRTIHICE 3 IR B R S R S
SRV TFhoEXb®EL L 10 CREZBRSINTORTHE %L 7
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Table 386. The effect of environmental temperature on the
viable counts of aerobic bacteria (log ;oN/FMg)
during aeration

Environmental temperature ( °C)
Days of aeration = o e = =
e, 185 290 205 3.0 3
0 155 {5 4.5 4.5 S 4.5
1 4. 7 L. B 6.8 6.9 198 T8
2 i’ 8 B 2 BT 6.9 6.6 6.8
3 5. & Rt =6 Teci sl 7.8
4 Tin 8. 2 'Y 8.6 8.7 8.0
5 9.0 8.4 9.3 O & 8./5 8.2
7 8.0 8.0 8.6 8.9 8.4 8.5
Table 371. The effect of environmental
temperature on the organic acids
contents on T7th day after opening
the silo
Organic acids (FM%)
Treatment e
Lactic Acetic Propionic
Opening 0. 87 (e 38 L
LGS E 0.12 0.09 0.07
IhEG 0 0.05 0.05
20°C 0 0.04 0.05
257G 0 0.04 0.06
A e 0 0.03 0.04
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Chapter 3 The Studies on the Aerobic Deterioration of Corn Silage.

SUMMARY

Upon exposure to air silage deteriorates fast resulting in losses in dry
matter. Therefore, the need to inhibit aerobic deterioration of silage cannot be
overemphasized, In order to device methods for inhibit aerobic deterioration, it is
essential to understand the mechanisms of aerobic deterioration. Thus, this
study was carried out to determine the mechanisms of aerobic deterioration of
corn silage. The results are as follows: ;

1) Changes in microflora and chemical composition of corn silage during
aerobic deterioration.

The viable counts of mould and aerobic bacteria increased earlier than that

J
’

. . . . v S . |
of yeast. The increase in viable count of yeast tended to be similar with pH ;

increase. The contents of organic acids and nonstructural carbohydrate (NSC),
with the exception of starch, decreased with the increase in yeast and
disappeared by the end of the experiment. The content of starch and true
protein did not change during the exposure period. The content of volatile basic
nitrogen (VBN) was low at opening the silo, and decreased from the time of

heating.

These results suggested that the aerobic deterioration of corn silage was
B
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started by the metabolism of lactic acid by yeast which resulted in increase in pH

and temperature of silage. Consequently, the excited aerobic deterioration of

corn silage was controlled by yeast activity which was induced by the activities

of mould and aerobic bacteria.

2) Effect of amount of air and silage density on the aerobic deterioration of corn
silage.

The silages of all the treatments, expect those transferred into 20 ¢ container,
started to heat about 40 hours after aerobic exposure. The peak temperature of
silages with lower air content was low and the silage transferred into 20¢
container did not heat. In exp. 2, the silage of all the treatments started to heat
about 40 hours during the aerobic phase. The peak temperature of higher
density silage was lower than that of low density silage.

These results showed that the aerobic deterioration of corn silage were more
inhibited by lower air content and higher silage density.

3) The effect of storage temperature during aerobic phase on the aerobic
deterioration of corn silage.

Silage stored at higher temperature (35 °C ) was the first to rise in
temperature. The temperature rise in silage stored at lower temperature (10 °C )
was delayed by 70 hours, and the maximum was lower. Similarly, the increase in
pH of silages stored at higher temperatures occurred earlier than those stored

at lower temperature but the pH value of all the silages were almost the same at
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the end of the experiment. With the exception of silages stored at 15 ¢, almost
all the lactic acid disappeared in all the silages at the end of aerobic phase.
Approximately 88 % of the lactic acid disappeared in silages stored at 30 .
These results suggested that storage of silage at lower temperature delayed
the onset of aerobic deterioration, but once deterirated temperature had no

effect.
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Fig. 10. The effect of chemical additives after opening the silo on the changes in temperature of silages during aeration.
—&— Control -—<— Ethyl alcohol - Tannic acid , Propionic acid ----4&--- Sorbic acid




LE hoiy GE

oL
hs

m

4 B

=

) | e

B s
L & ¥ iy
VE VBB

E W A% B

as hn Y
- % U

= U,

e

B H I

7 q

bl # B B
Tl b s
H - f;u

B A

o

5

10°®
#e % i

i -

5]

> b =

v
@

(7))

=

I

o

Al
picd

(:‘—

{t,

~ I

i B 2
i #
i -

s I A

)

(\

s b

=

=

i

£ 14

pH A% |

JU o1 —
R 4 A

15

LT
v,

(0 ol 4

&, A
g 4 A

#s

I e
EARe Rl )
& & &
5 U A
Srab e
A )

VRN I ¢

Vg Y

b B BB & oL

m -

i

(N

! B

L7

.1'

I )|

e

4l
i

5 B o

%

M A

(73]

b

0y %&

7S 3

H

NS

=
oS

109

@ W R 3

G il & B

|
3

Al &% i 12

;&
1078 ~ 1
H H

B [ A% B

e

‘&

i

A

}5;.
Rt

5 #1

(’J\'

5

=

054 L

=

L
<
”
il

ILI 3

7

N

L—'; —
i
@ hn

S

NI

< b
S
75
Ity %

L &

A

L

9

+f

LAY

=

2 5%




Table 39.

110

The influence of chemical additives after opening the silo on the
viable counts of mould, yeast and aerobic bacteria of silage during

aeration

Days?®’ N ——— - - = s === ———
Control Ethyl alcohol Tannic acid Propionic acid Sorbic acid

0 3.5 3.5 3.5 3.5 3.5

2 5.8 4.0 5.5 3.0 3. 1

Mould 4 8.3 8. 0 8.4 3.5 i1
7 9.2 8.5 8. 6 4.5 4.5

10 9.9 8.4 8.0 5. 2 4.0

0 2.6 2.6 2.6 2.6 2.6

2 3.0 2.0 Sl Sl 3.1

Yeast 4 7.3 6.7 7.1 3.5 3. 1
7 7.6 1.9 4% 3.0 3.0

10 1.3 il s 3. 3 3.0

0 L. 8 1. 8 {.8 4.8 1.8

2 5.0 1. 3 5.2 1.9 1. 6

Aerobic 4 S, b. 1 b.:8 4. 6 1.2
bacteria 7 8.6 8.9 9.0 4.4 1.5
10 11..3 8.5 9.0 5.5 5.2

a) Days after opening the silo
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Table 40. The influence of chemical additives after opening the silo on the
pH, organic acid composition and VBN/T-N of silage at 10 days
aeration period
Organic acid composition (FM%) VEN®’
Treatment pl = - — —— (%)
Acetic Butyric Lactic Total T=N2? .
|
at opening 3.6 0.37 0 2.21 2. 58 3.7 i
|
Control 6.3 0.08 ] 1525 0.33 2.4 i
|
Ethyl alcohol N 0 0.52 0.6l 9.5 |
|
Tannic acid 6.3 0.05 0 0.21  0.26 2. 1 |
| |
Propionic acid 2.5 0.41 0. 37 2.19 2 97 4. 4 )
Sorbic acid 38 0.43 0. 32 2. 34 3.09 4. ]

a) Volatile basic nitrogen.

b) Total nitorgen.
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Fermentation quaiity of corn silages treated
some additives.

Control

Ethyl alcohol
Formaldehyde
Acetaldehyde
Formic acid
Acetic acid
Propionic acid
Capric acid
Sorbic acid

Organic acids (FMN%)

di -— — —— i = e
Acetic Propionic Lactic Total
3% 0,93 0 1.78 1. 91
3. B e B 0 [+ 28 1.40
a0 0.18 0 0.90 1. 08
& B 0.10 0 0. 88 0.98
3% 6 0.09 0 eSS 0.64
3.6 0-25 0 I -l 8 .43
3. D2 0.03 0. 89 1.08
3. 0.15 0 0.98 18
Sl (I L 0 |l 1. 44
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Table 43. The

influence of chemical additives

at ensiling on the changes in
counts of mould (g ,,N/FMg) of
during aeration

silage
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Treatment

Days after opening the silo

0 3 b 8
Control 5.0 8.2 8. 6 8.8
Ethyl alcohol 3.8 8.1 8.8 8.1
Formaldehyde he 8 f 9.0 85
Acetaldehyde 6. 1 8.0 8.8 8.5
Formic acid 4.5 7 15 1. '8 7.8
Acetic acid 9.9 8.5 8.8 8.4
Propionic acid 3 B4 853 8.1
Capric acid 2.5 2. 1 hiz § Tie 8
Sorbic acid ARy | 2 1 Sid 'S
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Table 44. The influence of chemical additives at
ensiling on the change in viable counts
of yeast (log ;oN/FMg) of silage during
aeration
Days after opening the silo
Treatment —_— -_—
0 3 ) 8
Control 4. 9 9.8 T..B W 1
Ethyl alcohol 2: 8 et 7.8 T 8
Formaldehyde 4. 3 6.5 . 7 T8
Acetaldehyde 4. 5 6.9 48 7.6
Formic acid 4.8 Tal) 6.9 72 |
Acetic acid 4.5 7.5 7.6 e %
Propionic acid k. 0 4.0 T2 6.8
Capric acid . 0 Ii. B 4.4 6. 1
Sorbic acid b ) I I I: 8
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Table 45.

The influence

of chemical

additives

at ensiling on the changes in viable
counts of aerobic bacteria (log yoN/FMg)
of silage during aeration
Days after opening the silo
Treatment e — =
0 3 6 8
Control 5. 6 e 8.2 8.3
Ethyl alcohol 4.6 8.2 8.7 9.9
Formaldehyde 5.8 8.1 9.0 8.9
Acetaldehyde 6.3 8.0 8.6 8.6
Formic acid 6. 2 i d Fa 18 9.2
Acetic acid 6. 3 8. 3 | 9.0
Propionic acid 5. b 6.5 8.3 9.0
Capric acid 4. 8 4.3 b 8 8.2
Sorbic acid 4.2 4. 1 4.5 4.0




Table 46.

The effect of chemical additives at e
of silage during exposed air period

nsiling on the organic acid content

Treatments

Control

Ethyl alcohol

Formaldehyde

Acetaldehyde

Formic acid

Acetic acid

Propionic acid

Capric acid

Sorbic acid

openig silos

oo o

o mwo

Acetic Propionic Butyric Valeric Caproic

0
]
tr.
tr.

0.
0.
0.
0.

0.

0
0
T
tr.

0. 03
0.15
0. 01

0

= o o

0

Organic acids (FM%)

0
tr.
[
tr.

0
tr.
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0
tr.
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Table 47. Fermentation quality of corn silages treated
caproye aeciyd 9r sSerbic acid.
Organic acids (FM%)
Treatment pH ———e o
Acetic Caproic Lactic Total
Caproic acid (FM%)
0% (Control) bl 0. 21 0 I 50 1. T'1
0.025% S 02112 2 1. 39 B
0.05% Saiky s Th .01 ! 1. 49
0. 1% 3.6 Dol 0.04 1..12 1. 29
0.2% 3.6 0.20 0.16 1.05 1. 41
Sorbic acid (FM%)
0% (Control) e 0.18 0 .97 e )
0.025% 3.6 0.:82 0 2.05 2 3T
0.05% il {1tk 0 1. 88 2.04
g5 18% aeb 0.26 0 1. 97 2. 23
0.2% 3.6 0 1. 66 1. 84
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Table 48. The effect of application

additives on changes in

mould, yveast and aerobic

pH and viable

rate of caproic

counts

bacteria during

Rate of caproi
Days?’? = T
Control 0.025% 0

¢ acid additive

.056% 0.1%

0.

2%

0 S8l & B

2 3 b 5 g

pH 4 SR N T
3 6.1 e 2

6.3 6.3

0 L, A 4.5

2 o (A,

Mould 4 8.0 T
6 (R 7.6

8 1.0 Taih

0 S8 Sl

2 7 6.9

Yeast 4 b9 5...ib
6 5. 6 Bid

8 Bl 5 6.5

0 4.3 i:1D

Aerobic 2 Bio 8 sl
bacteria 4 i) i
6 B 2 8.0

8 . 8 6.3

a) Days after opening the silo.
b) Il ;oN/FMg.

A1 oMBRICETSI2T A V- VORERBREBEROHYE £ £ 4

7w Lo,

3.6 . b
3. 4 -4
S -3 |
6.4 4.2
e fear 1
2.6 2. 1
9.0 4. 17
6.4 5.4
i« 4 i
v Teai
2.4 I,
4. | 3.9
6.7 5. b
7.4 B8
= ol
4.8 A
4.8 5.0
6.9 6.8
8.6 Tt
T.:2 (et

Lo W

-

e oo B

—_— LD DD e e

Pk et b bl g

s I oo en

o U on e O

aeration



Table 49. The effect of application
additive on changes in org
during aeration

rate of caproic

anic acid

132

daCc

content

id

Rate of caproic acid additive

U.’lys" ) = = ST T e = — o e —
Control 0.025% 0.05% 0. 1% 0.2%
0 g.021 ®? = 12 1l (55 (0 153 "= 0n 20
2 0.07 0.07 f. 1l 0. 12 0.07
Acetic 4 0a H 0.03 0.10 0= 08 5r D 112
acid 6 (1%l 0.03 0.05 0.05 0.09
8 0.09 0.07 0..13 0.02 0.14
0 0 0 0 0 0
2 0 0 0 0 0
Propionic 4 tr tr 0 0 0
acid 6 0 tr o s 0 0
8 0.01 t1 0.01 tr. 0
0 t1 0.01 0 0
2 0 1] 0 0
Butyric 4 tr. 0.01 550 5. R
acid 6 0 .. U 0.02 148 o tr.
8 0.03 0.01 0.03 002 tr
0 tr. 0 0 0 0
2 ) ( 0 0 0
Valeric 4 i 0.01 0 0 0
acid 6 1] tT, ) 10 ] ]
8 0 | 0 dxip. o
0 0 t1 0.01 0.04 0.16
2 0 £ f s 0.04 0.05
Caproic 4 0 tE. 0.01 0.02 0.06
acid 6 0 0 0 | >
8 0 0 0 0.02 0.04
0 1.50 1.39 (s 1 Iz 12 I 05
2 Iz | 0.98 128 0.90 0. 96
Lactie 4 % Er. 0.63 .94 1.07
acid 6 0 0 0.48 0.45 1. 08
8 0 0 0 0 0. 96
a) Days after opening the silo.
b) FM%.
c) trace.
BMBERIES VN THDL ERMEERBIZLALALL HHOS
BIZTELR>THD L. 70 B850 TH 5 &, B ¥ B
B WTO0.025%F M 13 &z L BELLED -2, 1 0
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05% @A MK & 0. 1% X 2 ik &t o 4 G UTF, 0.2% 0 X 12 8 & it
(OBBZhZFhBELE 208 P S a > BIEHBORBICE L
Mo TP U, 0.025%8 MK & 0.05% #% 0 X 13 Bl 2 % 6 B H i< i %
LA, 0.1%F MK &0.2%BE MK 3B % 8 0 HETHREL 2. %
MIBIIOVWTHB L, WHBECEY 7o v EONE BTN E S
KON TET LA HHEE0.025%FM K 3B &% 2 O H. 0.05%
mIMXE4BH 0.ISMNKEE6 HED > 2 h TEh@Ed L, v¥h
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Table 50. The effect of application rate of sorbie acid
additive on the changes in pH and viable counts
of mould, yeast and aerobic bacteria during
aeration

Rate of sorbic acid additive
DBYS a) . =N T S — — —
Control 0.025% 0.05% 0.1% 0.2%
0 . B 3.6 S 3.6 3.
pH 2 ) 86 3.6 3.5 3.5
4 3.8 i T ST 4o b D
7 b8 5- 8 4. 2 3.6 319
0 4.1 3.0 o O 1.0 j sl
Mould 2 6.8 3 o 18 L
4 8.2 6. 3 b 1.0 L)
T 8.8 .6 0.0 et =0
0 3: 7 ol 1.8 IO 1.0
Yeast - 5. 8 3o 1.9 -0 el
1 i B 6.9 At Jre ) jis
7 8.4 8.5 4.1 16 1. 10
Aerobic 0 AL 5.7 6. 4.5 ]
bacteria 2 6 1 bl 8.0 4= 7 4. 4
4 6. 6 Tih 7.0 4.0 4. 2
7 8.9 i) 8.4 3 7 .7

1) Days after opening the silo.
2) log ;oN/FMg.

ARBEHECODVTHZE HMHEBEOLEBEB M EBE NG 5 c
CHTHD U2 0.ISFEMEE0.25F MR 2B &, AL EH %M
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Table 51.

The effect
additive
conte

of application
changes in organic
aeration

SE#HERK LAY T o BE YL EVBBEFItEMEY oG4 H
LY 1 V-V oBEHE N

BB MK B EMBICE 2 48E

Days?)’

0
Acetic 2
acid 4
7
0
Propionic 2
acid 4
7
0
Butyric 2
acid 4
7
0
Valeric 2
acid 4
i
0
Caproic 2
acid 4
-
0
Lactic 2
acid 4
7
a Days after
b) FMX%.
e)! trace.

Rate of sorbic
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C)

Difference from room temperature (°

10

o

40 60 70 80 90 100 110 120 130 140 150 160 170 180

Hours of aeration

. The effect of deoxidant level on the changes in silage temperature during aeration.
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Chapter 4 The method of inhibiting aerobic deterioration.

SUMMARY

The result of chapter 3 showed that inhibition of aerobic deterioration
could be achieved by the following methods: 1) To inhibit active of
microorganisms causing aerobic deterioration such as yeast, 2) To keep
anaerobic condition. Thus, this study was carried out to find the most
effective method of inhibitory aerobic deterioration. The results are as
follows:

1) The effect of some additives prior ensiling or after opening the silo on the
aerobic deterioration of silage.

When added prior to ensiling, the silages treated acetaldehyde (AL), acetic
acid (AA) and ethanol (E) deteriorated earlier than that of untreated. It was
speculated that these additives were utilized by acetic acid bacteria which is
one of main microorganisms of aerobic deterioration.

The aerobic deterioration of the untreated silage and of silage treated with
formaldehyde (FL) were similar. Therefore, FL did not inhibit aerobic

deterioration.

The silages treated sorbic acid (SA), capric acid (CA), formic acid (FA), and
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propionic acid (PA) deteriorated less or later than untreated silage. The
addition of tannic acid (TA) and E, after opening of the silos resulted in
increased silage temperature, pH and viable counts of yeast, mould and
aerobic bacteria and decreased in the content of lactic acid. These changes
were the same in untreated silage. The results showed that these treatments
did not inhibit aerobic deterioration. The silages treated with SA , CA and PA
did not deteriorate compared with untreated silage. The effects of these
treatments were to inhibit yeast and mould growth which are the main
microorganisms responsible for the initiation of aerobic deterioration of
silage.

These result showed that among the additives, SA treatment was the best

followed by CA and PA in inhibiting aerobic deterioration.

2) Effective additive rate of caproic and sorbic acid on inhibition of aerobic
deterioration.
The treatment of silages with 0.025% caproic acid had little or no effect of
aerobic deterioration. Silages treated 0.05 % and 0.1 % additives started to
heat 10 and 40 hours later than those of control respectively. No heating

occurred in silages treated with 0.2 % additive. With regard to silages treated

with sorbie acid, at 0.025 % application rate, the silage started to heat 20 hours
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later than that of control. Both silages treated with 0.05 % and 0.025 % sorbic
acid started to heat almost at the same time, but later heated more slowly. No
heating was observed in silages treated with 0.1 % and 0.2 % sorbic acid.

The viable count of yeast, mould and aerobic bacteria were lower with
higher concentration of each treatment. Although lactic acid content of silage

was lower with higher concentration of caproic acid, the lactic acid content of
all of silages treated with sorbic acid was almost same as that of control
silage.
These results showed that compared to caproic acid, lower concentration of
sorbic acid was more effective in inhibiting aerobic deterioration.
3) The possibility of inhibiting aerobic deterioration using dioxidant.

The silages of all the treatments started to heat about 110 hours after
aerobic exposure. The peak temperature of silages with higher capacity of
dioxidant was low. The oxidant concentration of dioxdant added to the silages
were 16.3 % (20 ¢ capacity), 13.8 % (40¢) and 10.9 % (g0¢) at 20 hours after the
start of the experiment. The onset of heating was associated with a rapid
decrease in oxidant concentration of all dioxdant added silages with control
silage.

In experiment 2, 100¢ capacity silos with 43 kg of corn silage were used.

The upper part of the opened silage started to heat about 60 hours after
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starting of experiment. The upper part of control and dioxidant silages
started to heat about 180 hours after the start of the experiment and former
was changing higher temperature than latter. In under part of silage, opened
silage started to heat about 60 hours after the start of the experiment. The
silages of control and dioxidant did not heat. At the end of experiment, the
relative thickness of spoilage for opened, control and dioxidant were 34 %, 19%
and 6 % respectively.

These results showed that using dioxidant after opening the silo was effect

in protecting aerobic deterioration.




5]

fil

Nk b & L,

* Wf 7%
H #y
b

=5

1

i

£ @
¥ T

N

[

WL
% 2
Bt

P

_ﬁ‘:
L

7.3

(=)
aa

"
D [
fi

& U

i & &
U,

B &
5 T 4
TRE
+-

4

-

"

l

b

bl
=i

Ox

A

e T
K AL W
¥
iE ©
e ¥ @

(7 i iRy

£p)

N

1

-

o )

A [H
- i i e
s

i

W

S

Ef

R T A

5,

(73]

¢ 4

5

af /& R

A4

RO R E

Bt & %
D B &

&

b =
B

B o

&t

(B i

3l R

<AL Y

@
he 4
hn

fr

p S0
ctl
Nk

N

f

¥

i fl 3

i
o &
D
B L

5 4

kR

B

i1 12

Xf

2 ZC hold

‘[1_'?‘__

Ak

Ly

)

v

5]

¥

Rr

fis]
B
C

5

Tc &

W oM A

iy

My

52

it % hn

i O HE

¥ A b

% 1 il

b,

...d -
L)

V)

& L

D

N

1

M

OB

% %

Ko
A
2 &
L

fié

5

[t
Iy

k.
”,
Mi

€

[‘\_

R

)

5

o

ke

2]

fir

AR

a

7 @D
iF 4
D

o

(Sorghum bicolor)

multiflorum),




& (5 3T,

L
-3 O A A G V7
WA iz A
B B8 A i3 ok
7 o ¥ B R
mmYy A4 L
T WA
e & e,
AN R

B &,

OB R

B & & i

S 9 B BT

A BB A

AR R

5 e &%
@ ENR

7

e

oh i D % 1L,

"7 A (Dactylis
Sorghum sudanese),
HENOTWSEZ = o h

a1 /) | S RN

#

O WL &

glomerata)3 o E M B  x § &,

A 7 ¥ % E (Panicunm

L= U MHEEL
& B < B P
€ nBs
I20THKRE
& & Y o
AR R
A AR
¥ # % R
¥ B on H®

%

&

()]

5 o i &

®F £ 5
AN 5




*

B s L -
H D &
FTE B B
B L

n
%
%
i
i

3 4

s (R L R el

Jen

D ¥

B

G

7= ¢

0 3
oo

i

;D

il

%D)]

Ly

A

)

M

cr

i
Ny
=i

e

&

A

n

He

:

B

;D

i

2 o -

[
(& |

Rt

7 b RS

R

1o

Rt

ft @
T

- !k_—i

Iy A
O g

. 05%

i

ERZRIE

b 5

D

H:

e R

- B E

s b

SE
{nn.

o

7

fry %

) B

Y

*

M

&

AT

D F

¥
iy

D 1T

H W)

< o

7= <,

A%

ft

i3
i

Mo

~

()]

il z

A

)]

| e *[li

K E
s
&t

=7

ZeEM oM

b

S

1K

B o g

3T K
L& &
W 3 ¥

q B &

|:||.[|| h[:uil »D k=

-8 M
iE &
i L

U 53

> AN S

SRSy

o

o & R,

4\_") & I'_

B A8

e
.

iy 4

- Bh

e il il

: HE )

- #x A

s

Y,

1 =7

162

MM A E

7

n,

fE L

=3,

(& A

3]
w5

1Y

(!

g

B

i

ik

[~

i

2 it

#

s

B

iy

H <

af

5]

fi]

7 =
“ R

(@)

N

L

{t

~

At
.}&;.
tA

LA

% P 1S &



163

A BRHEHE®R 20V —-UMOELBIZY Ao 7%

i AR EA A E®R L, Yo P THWBELTERIEEN L R

A EBEHS T 2MEYRENRED o h e ULEOBE BKREEAHO

TR L 20 R0 oW 6w, BE L @ TdH o EHED A

EREDNB DD EEZ S h 3,




—'

- 164

AR DX

[
3
r\r

MbHFEHIoH b, RIEBECBELE B KB
ik

= - B R K ¥ KR

i
=

HMEEE ICHATCERROE A E ¢
P FR IHBEBLIUOIHEEMOLETEERNEEE T H®E %
ER SR ERB=ctk, BHBERLRB¥ESE | HEEELES &
CHENKEZHEB -6 FBhECHECRISB L LTS,

Tl FHAROEWICSH 20, ZHh+H %8 7 Lyndon F.
Quinitiof &, #% Y R+, Thomas B. Bayorborfd +, il S
K, KM &8 K %% Wl R KBEMK HRFEEFR @opH—
K, ®Hx%EEK,

43

B K M E—BBK BALATAK F§ A
HEKE LUt MH

Ko FICERK:

" TROEBRAYBREREELYHAESE S 0 % K

e

ol
1
&
T

‘ﬂ?

RO WM £, gk

BREBEY  $EFTRETRMOLLEBR LR L CHEL ZT 2,
AR OHRM IS0, GEOMG (K HHIFRTH S &8I M

MORPERG L, BLTHEE XT3,
MIRBEAYBLORY S 2 T o HARTLK R RSB L L

Be %N M b 2 EEHEW D I L

N
HE
N
IR

=S, WOl

Kb h IXHE #MbEMOLE @8 %K SR #HE UL

§
r:«
<

-

%

(<}




165

31 B 3 Wk
e e (1976) & 5 & 4 Y . Kol 38 H K. E 5.
pp. 63-T78.

Barnet, A.J.G. (1954) Silage Fermentation (lst Ed. ).
Butterworths. London. pp: 78-97.

Barry, T.N., E.D.M. Menna, P.R. Webb and J.N. Parle (1980)
Some observations on aerobic deterioration in untreated
silages and in silage made with formaldehyde containing
additives. J. S$ci. Food Agrie. 31. 133-146

Beck, T. and F. Gross (1964) The causes of differences in
keeping properties of silage. DPas. Wirtschafteseigene
sy ters Al 28 8=31.9,

Beck, T. and Wieringa., G.W. (1964) Investigations on the
use of cultures of lactic acid bacteria in the
preparation of silage in small containers. 2
Inoculation experiments with active Lactobacillus
culutures. Pas. Wirtschaftseigene Futter. 10, 45-54.

Beck, T. (1978) Fermentation of silage - A Review. WNational
Feed Ingredients Association. lowa. ppst pbil= 1 5

Britty D.GH and J. 7. Huber CL9T785) Fungal growth during
fermentation and refermentation of nonprotein nitrogen
treated corn silage. J. Dairy Sci. 58, 1666-1671.

Catpinterog MaC.. AT Holding and P. McDonald (1969 )

Fermentation studies on lucerne. Jo.o Sei. Food ARgrivc




166

20, 677-681

Chanberlain, D.G. (1988) Effect of added glucose and xylose
on the fermentation of perennial ryegrass silage
inoculated with (. prantarve. J Seoi. Food Agriec. 46,
129=18%.

Changl -50.., RoEA 5. and k.8 i (1988) Studies on the
processing of bag silage. TFaiwan Sugar Res. Inst. Ann.
Report. 13-14.

Crawshaw, R. and M.K. Woolford (1979) Aerobic deterioration
of silage in and out of the silo. ADAS Ruarterly Review.
34, I51-1178.

Elitz, R.W. and P.J. Vandemark (1959) Fructose dissimilation

by Lactobaceilus brevis. J. Bact. 79, T83=7786.;

Gibbs, M., R. Dumrose, F.A. Bennett and M.R. Bubeck (1950)
On the mechanism of bacterial fermentation of glucose to
lactic acid studied with C223eYucbse, J  Biol. Wikes: 184
bd5=5419,

Gonzalez-Raurich, M. and C. Capintero (1989) Improvement of
lucerne silage by addition of inoculants and different
carbohydrate sources. Proec. 16th 16C, Kvoto. 969-970.

Gordon, C.H., J.C. Derbyshire. ¥.G. Weiseman and W.C.
Jacobson (1964) Variation in initial composition of
orchardgrass as related to silage composition and

feeding value. /.  Dairy Sci: 47, 987-992

Greenhill W.L. (1964a) The buffering capacity of pasture




167

plants with special reference to ensrlage. " pust, &
Rgrie. Res; 15, 511-519.

Greenhill, W.L. (1964b) Plant juices in relation to silage
fermentation. 2. Factors affecting the release of juices.
J. Br. 6Glassl. Soc. 19, 231-2386.

R O—8 - KIL®E (1978) 4 4 L — TR ER R MY R
MEVH -HHADP LI ERNERERE O BEIC >0 T,
H& & #|. 49, 794-801.

B -8 FE B KLUERF (1979) % 4 L -V KB EKRD

Bo&#B, # 2R ERECHEE

=
M

B AW A o M O B % .
H& 2®. 50, 549-556.

R OB— B« RIWWHEE (1979) P Eoa v 4L — VO IRINE
MCBET2MBROCAKE -2 7o CBRERUEBEmMIT X 3
KBMBIEHREoM#E—~. HEL 8. 50, 375 385.

B — B - RWEE (1982) BRI A & O o M B k5 o M & » +
TV OWEYBLE ST LHIAWERCRIZST RS .

H & 3. 28, 269-270 (# %)

Heath, BLEL. J.. Heeswitz) B 1. Horecker and A. Ginsburg
(1958) Pentose fermentation by lactobacillus plantarua.
I The cleavage of xylulose 5-phosphate by
phosphoketolase. J. Biol. Chea 231, 1009-1029.

Heinrichis, A.J. and H.R. Conrad (1984) Fermentation
characteristics and feeding value of ammonia treated

eorn silage. J. Dairy Sei: 871 80 -81.

Henderson, A.R. and P. McDonald (1977) The effect of




168

cellulase preparations on the chemical changes during
the ensilage of grass in labararecy sitas) 2 Beir " Food
Rgric. 28, 486-490.

Henderson, A.R. J.M. Ewart and G.M. Robertoson (1979)
Studies on the aerobic stability of commercial silages.
Changes in silage on exposure to aijr. JoO Sk Food
Agridcy Y3223 =228.

Henderson A.R., P. McDonald. and D. Anderson (1982) The
effect of a cellulase preparation derived from
I'richoderma viride on the chemical changes during the
ensilage of grass, lucerne and ¢ lover. "J. $tfF. " Food
Rar el 38, 18-210.

Wil E—8 (1986) +4 L — Yt o MEEFEE A B4 22 0
RET7 774 - E bR ER. LEOWE. 40, 1410-1419.

Honig, H. and M.K. Woolford (1980) Changes in silage on
eéxposure to air. 8r. Grassl. Soc. Ocec. Symp. L3 T T6=8T.

PRS- BHER (1982 Y4 L -V oRSBHECHT 2 HE.
L RA A oA 5B 6 R AT - RIEF RE. BKBSB
BE Kor#. 8, 89-99.

Jacobs, J.L. and A.B. McAllan (1991) Enzymes as silage
additives. 1. Silage quality, digestion. digestibility
and performance in growing cattle. Grass and Forage Sci.

46, 6'3-73:

sEsaites, “BIAK. . (POE. WAV tand vl T Evans (1987) Influence

of feed content on buffering capacity of ruminant




169

feedstuffs /n vitro. 4. Dairy Sci. 70, 1391 1403.

Kibe, K. and T. Kasuya (1979) Changes in composition of

volatiles in grass silage after opening silos. J. Japan.
6rassl. Seéi. 285; 251-2549.

K®BA®H (1979) £ 4 + 9 5 KGEREFDHDRAIEENY 4 L —
YORBIET I ZREMICKRIZTHE. HEEE. 25 246-250.

Koch, G., A. Movered, 6. Avendunk and M. Kirchgessner (1972)
The effect of silo cover on the keeping quality of
silage made with corn at different stage of maturity.
Bas. Wirtschafteseigene Futter. 18, 280-299

R (1975) MAEWOHBMEFE. K AMBS. &,
pp. 210.

WAwdE - AMNBR - @BRBEE-% YE-L F. Quinitio
(1990) A BMBEEMDB Y A L — P o@MEYHOLT B K ic 4 4 L
—VORMMEIIRIEZTRRE. B M. 38, 281-237.

Lanigan, G.W. (1961) Studies on ensilage. 1 A comparative
laboratory study of molasses and sodium metabisulphite
as acids to the conservation of lucerne. Aisty | W RET i
Reos. 12, 71023-1038%.

Lanigan, G.W. (1963) Silage bacteriology. 1. Water activity
and temperature relationships of silage strains of
taectobacecillus plantrum, Llactobacillus brevis and
Pediococeus cerevisiae. RAust. J. Biol. Seci. 16, 606-615.

Lanigan, G.W. (1965) Silage bacteriology. 2. Influence of

temperature differences on the composition of the lactic




170

micraflora. Bust” 7 Biol SE; 18,0 555~561.

Lee. S.Y¥., E.R: Vedamutlu, C.J. VWaxman and G.W. Reinbold
C(1974) J. Milk Food Technol. 37, 272-276.

Lesins, K. and Schuelz, F.H.(1968) Some effects of bacterial
inoculation on silage making. Canadian J. Anim Sci. 48
Ie=25.,

Mann, E.M. and P. McDonald (197§) The effect of formalin
and lower fatty acids on silage fermentation. J. Sei.
rood. Agrice 27, 61:2=616.

HEREE - Kl ®E (1979) 4 4 L=V RBABEBICE T 3 80 % (L,
LM fREHEBEEO LK. 0 HS®. 50, 280-287.

Masuko, T. and K. Awaya (1989) Effect of inoculation of
lactic acid bacteria on silage fermentation, Proec. 16th
1GC, kKyoto. 975-976.

B R -RESARS - mEBE - BE % (1982) i S E K O
BEEXYRLIHEY S V-VoRBMHEE. A E2L28. 53
786-791.

A R RE OB REEL B — - BH % (1983) b =
WEBROBENXRLZ FY T o3y 4 4 L — 2 o i ¥ f & .

w K WF#8. 13, 161-166.

Matsuoka, S., B. Fujita, 3. Takahashi, N. Asano and H. Ochi
(1985) Effect of aerobic deterioration on feeding value
of low-moisture and high moisture grass silages. Jpn J

Zootech, 3Zeil 56, 913=-919.

B R -REERS - mEBE -8 B (1992) AWM ZE I o







172

S b L Anp Raet. 480 75 =87,

BB (1986) MAEY DS MHE. Rand D 35 > = 2 ¥, .
PRl 435 44 4

RE E R (197D B ERERARE. R 2. F.

McHan, F. (1986) Pretreatment of coastal bermudagrass with
sodium hydroxide and cellulase before ensiling. J. Dairy
go82 690 n 837 - k8 48.

Muck, R.E. and R.P. Walgenbach (1985) Variations in alfalfa
buffering capacity. As Soc. Agrie. Fng. 85, pip. 1535

Murdoch, J.C. (1960) The effect of temperature on the silage

fermentation. Proeec. &th 16C. 502

en

05.

BAH  E - EEXH BB M- RN 1§ (1981) FHED
=N 78y THA V-0 REBABHCHTZ2HEB. B
48 XKXBEBAASY A oY 2T ol BEMNO S R,

B EOPRE. 35, 1251-1254.

0" Leary, J., R.W. Hemiken and L.S. - Bull (1981) Evaluation of
forage ensiled in concrete stave and oxvgen-limiting
silos. Proec. 14th 16C. G60-662.

KBXHE -WFHF ® (1980) 7+ L& -2, ¥ NVaA—-—2, D—-75
E/J =R HB3LVEBL-T7F3E)—-ZO0BFEMMY 4 -3k
KRETRE. BREIE. 26, 293-294 (# =)

Kb 38 - ERKE (1968a) ¥ 4 L — UV BMIcKET 2 38 E -8
THEWMAE. | WERUERKMY S LITEY v S 2 BoE RN 14 L

— VmBILRIEIITEE. B LE28. 39. 61-617.

K 18 - fE AR XEEZE (1968b) ¥ A L -V RBMICREET 2EEH Y




173

TAWEK. W H A4 bV—-SRBICE0BNERERKMEY S LT 4 2

=

AR/ 0 Mzl HES#H. 39, 133-139.

Kih ¥ 1E -

2

EE - N WE - HHEs (1971 Y414 L — U 3B
KK E 7T

N

wEEICHT SR I X ZABEAME 7N -
ZAEmo M EDR. HESH. 42, 1-8.

Ohyama, Y. and S. Masaki (1971) Deterioration of silage
after opening silo. 1. Changes in temperature and
chemical composition of some wilted silage. J. Japan.
grassl, " Sers 10 PME=183:

Ohyama, Y., S. Masaki and T. Morichi (1973) Effect of
temperature and glucose addition on the process of
silage fermentation. Jpa J. Zootech. Sci. 44, 59-61.

Ohyama, Y. and P. McDonald (1975) The effect of some
additives on aerobic deterioration of silages. J §ei.
Food Agric. 26, 941-948.

Ohyama, Y. and S. Hara (1975) Growth of yeasts isolated from

silages on various media it's relationship to aerobic
deterioration of silage. Jpn L Zootech Soi. 48,
13 =721

Ohyama, Y., S. Masaki and S. Hara (1975) Factors influencing
aerobic deterioration of silages and changes in chemical
composition after opening silos. J. Sc¢i. Food Agric. 26,
1187=-1147.

Ohyama, Y. (1976) Changes in free amino acids of silages

after opening silos and their relation to aerobic




174

deteraonat ion. Byl Nat; Insiti. Amim, Lad; Sl., 37-485.

Ohyama, Y. and S. Hara, (1979) The effect of two additives
in preventing aerobic deterioration of maize silage
after opening silos. Jpn J. Zootech Sci. 50, 182-188%8.

Ohyama, Y., S. Hara and S. Masaki (1979) The influence of
hydrochloric acid on the effect of caproic acid in
preventing aerobic deterioration of silage. J. Se¢i. Food
Agrec. &0y 102-=111.

Ohyama, Y. and S. Hara (1979) The effect of two additives in
preventing aerobic deterioration of maize silage after
opend g siles. Jan. Lo Zaotedh Sz bl 182-=188:

Ohyama, Y., S. Hara and S. Masaki (1980) Forage conservation

in the 80's. Br. Grassl. Soc., 0Occ. Symp. 11, pp. 257

K BE (198la)¥ 4 L — PO K MHWEKR EZ0M 1% (1)

ZE DO ZER. 35, 997-1002.
KWL ¥E (198la) ¥ 4 L — Y oS EKREZO I E (D
LEEOWPIE. 35, 1118-1120.

Ojima, K. and T. Isawa (1967) Physiological studies on
carbohydrates of forage plants. 2. Characteristics of
carbohydrate compositions according to species of plants.
F. Fapang  Grassts Sers 3. 35=510.

Pahlow G. and E. Zimmer (1985) Effect of lactobacillus
inoculant on fermentation and aerobic stability of grass

silage. Proo 215tk 16k, 8T7T7-879.

Pty Ra Ky RyB: iMueck and N.B: Pickerinmg (1991) A.model iaf




fungal growth in silage. 2. Aerobic stability. Grass and
Forage Sc4. 46, 300P=-312.

Playne, M.J. and P. McDomald (1966) The buffering
constituents of herbage and of silage. J. Se¢i. Food
Rgric. 1T V264 -2 88

Ruschmann, G. (1939) Baver. Landow Jahrb. 88, pp: .35

fexr kX W (1972) /S 249 A V-V oMEFEHTHE. i@
oo X A E. 8, 189-247.

Seale, D.R., A.R. Henderson, K.0. Petterson and J.F. Love
(1986) The effect of addition of sugar and inoculation
with two commercial inoculants on the fermentation of
lucerne silage in laboratory silos. Grass and Forage Sci.
(- O 1 e |

ZW o Ro(1983) ¥ - AR BRWI¥. XH. BHE. pp. 238.

HE W - KEH&— (197) BEF L5354 4LV —-—Y0 - KREEH
RalBR (B28#) . WEEAGFH. 13, 98-111.

HE @& - KBH&E— (1975) B2 L S U 291 V-V - RkR®H
&l B (B3 M) . WEEAF®. 15 50-73.

Smith, L.H. (1962) Theoreitical carbohydrate requirement for
alfalfa silage production. Agron. J. 54. 291-9293.

Smith, D. (1972) Total nonstructural carbohydrate
concentrations in the herbage of several legumes and
grasses at first flowering. Agron. J. 64, 705-706.

Spoelstra, S.F., M.G. Courtin and J.A.C. Van Beers (1988)

Acetic acid bacteria can initiate aerobic deterioration

e

————




Bacteriological

StiTling,

changes

experimental laboratory

151~ 158..

WHEM = - & A KE LY lb—YVo@mMEICH

T 3 W 5. Fo#o@Rmz 2. MAKB%&H.

=% — % AL —-Y0HEWE

L A S Sl =i mY o @ R .

MK B

Svenson, different

supplements fermentation process

Food ARgric.
Tajandraatmadja,

Fermentation patterns sorghum ensiled

different environmental conditions. Microbiol.

206-208.

and Biotech.

= O 1 A V-V HRECHE T 5

18 M HREYO & T E UL B S = s SV S
LYoty sBcHoL. BAKB>E8.
Virtanen, AIY method.
Dublin Soc.
conservation

The Science practice of

Forage crops.

Ferteliser and Feeding Sturfs

|
\II‘.




Journal. London.

Whittenbury, RB., P: McDomald and B, %G, Bryan-Jones L1967 A
short review of some biochemical and microbiological
aspects of ensilage. J. Sci. Food Agrie. 18, 441-444.

Wieringa, G.W. (1960) Some factors affecting silage
fermentation. Proc. &th 1GC. 497-502.

Wiese, F. (1971) The influence of initial aeration on the
fermentation process of grass silage. Llandw. Forsch 26,
b3 =10

Wiese, F. and HONIG, H. (1975) Influence of different
wilting periods on the fermentation process of meadow
fescue. Pas. wirtchaftseigene Futter. 21, 10-24.

Wilson, J. K. €£1935) The nutralizing power of forage crops

for organic and mineral acids. J. Bairy Sci. 18,
|
317-325 |
Woolford, M.K. (1975) Microbiological screening of the .‘-
straight chain fatty acids (C;-C,2) as potential silage ;"
additives. J. Sc¢i. Food Agric. 26, 219-228. ﬁ
L

Woolford, M.K. (1978) The aerobic deterioration of silage.

Agriec. Res. Cowuncil Res. Rev. 4, 8-12

Woolford, M.K., H. Honig and J.S. Fenlon (1978) Studies on

the aerobic deterioration of silage using a small-scale
technique. 2. The microbiological, physical and chemical
changes during the aerobic deterioration of corn silage.

Pas. Wirtschafteseigene Futter. 24, 125-139.




Yooltoxrd, MW.K., H:

Honig

178

and J.S. Fenlon (1979) Studies on

the aerobic deterioration of silage using a small -scale

technique. 3.

changes during

The mic

the ae

robiological, physical and chemical

robic deterioration of direct-cut

and wilted grass silage. DPas. Wirtschalteseigene Futter.

239, 138-17T7T.

WooLioxnd: M, K., K-

K. Bols

en and L.S. Peart (1982) Studies on

the aerobic deterioration of whole crop cereal silages.

J. Rgriec. Sei.
Vool ford, KB-K: 19
Inc. New york.

B K&EE - VM E

Camb.

84) The

pp. 35
E - L

98, 5249-535:
Silage fermentation. Marcel Dekker

0.

S — B8 (1987) 7Y — 8=y 7 8=y

sk VAV -VoRMBEEEBELE. NLKRBRFEF®R. 41,

J= 18

Zimmer, E. (1980)

Effecient silage systems. #r. Grassl

Soc. Ococ. Symp. 11, |

fE¥ 4 i i & B &

pp. 247.

C1975)

gl =191

KEZHO Y O RBEMY 5 T Hl E k.




—temm e







	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184

