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Studies on Aerobic Deterioration of Baled Silage

Raising conditions and effect of additives

on aerobic deterioration.

Noboru SAKAMOTO and Hisaso TSUJI
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Experimental methods

Grasses and
silage making

Italian ryegrass ...
Ensiled at May 23, 1980 and unloaded at Aug. 11,

.. 2nd cut, pre-wilting

80 days of ensilage

Rhodesgrass ..

... 1lst cut, pre-wilting

Ensiled at Jul, 16 and unloaded at Sep. 9,
55 days of ensilage

Control
Formic acid

Additives

b I o B B B v o B

Sodium propionate

Formalin (38% w/v HCHO)
Formic acid + Formalin
Hydrochloric acid (2N)

%g/Kg grass f.m.
3g/Kg grass f.m.
10g/Kg grass f.m.
1.5g + 5g/Kg grass f.m.
30g/Kg grass f.m.

Adding methods I

Sprinkled on the surface of bales at ensiling

II Sprinkled on the surface of bales at unloading
IIT Thorough mixing with non-baled materials at ensiling

Each grasses was ensiled in bag-silos (size: 115x200cm, thickness: 0.13%
-~vinyl bag silo) and the air was not sucked from silo.
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Fig. 1. Changing pattern of temperaturc with aerobic deterioratien on baled

silage.
Table 2. Traits of silage and its general statistics
) Italian ryegrass Rhodesgrass
el Riskth Baled non-Baled Baled non-Baled
Mean CVess» Mean cv Mean cv Mean cv
Fresh density Kg/m3 238 8 - - 256 23 - -
Dry density Ks/m3 135 9 - - 111 24 - -
Bale weight Kg 17.0 11 - - 18.7 25 - -
Bale volume m> 0.0709 7 - ~ 0.0728 D - -
Moisture content % 43.4 7 41.9 7 56.3 7 60.3 11
Silage pH 5.25 " 5:5% 2 5.27 11 5.07 8
Total acid mg/100g f.m. 628 81 290 48 1783 49 1081 37
Lactic mg/100g f.m. 536 90 201 61 1160 68 575 33
Acetic + Propionic mg/100g f.m. 69 76 61 55 546 y2 419 50
Other VFA mg/100g f.m. 23 29 28 20 77 14 87 3
Quality 65 23 45 32 45 59 29 29
Molding 1.0 113 1.7 73 1.2 59 1.8 61
Aerobic deterioration hr 72 23 67 22 93 38 123 38

& Evaluated by Flieg’s appraisal method.

*+ Molding degree by the rank of 0=5 at unloading.

##* Hours after opening silo until }‘ (T 'ti) =500. (Ti:
s»es Coefficient of variation. R

Silage temp., t,: Ambient temp.)
i
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Table 3. Chemical composition of silages
Treatments Moisture pH Organic acids  ( mg/100g f.m. ) Qualit§'.
C, Cy 1-cbr ch 1-05 05 i-Cg Cg Lactic Total
Italian ryegrass
A LO. 4 5.6 53 4 8 0 6 6 5 0 2L 324 56
B 41.3 5.4 30 [ 7 0 N 6 tr 0 203 254 60
1 © 43.0 5.0 63 60 16 0 3 tr 0 0 141h 1556 100
D 41.5 S 25 3 0 5 tr 0 0 165 207 60
E 43,0 5.4 46 10 15 1 N 3 2 2 638 721 70
F 44.7 5.0 75 11 21 0 4 tr 3 4 1514 1632 80
A Loy, S5 56 14 26 0 4 tr tr 0 401 501 65
B 41.1 5.4 29 13 14 0 4 2 tr 0 246 318 59
ITI c 39.7 5.4 29 94 6 tr 6 8 tr 0 219 362 41
D 39.5 5.6 37 20 26 2 5 7 1 0 196 294 46
E 47.0 5+5 14 12 21 0 5 tr 0 0 6l 114 32
F 39.8 5.6 22 18 36 0] 5 3 tr 0 82 156 28
Rhodesgrass
A 8. 4.6 0 61 2 5 2 tr 0 2344 3051 77
B ?.g 5.2 8?3 33 6l 7 6 6 tr tr 949 1992 26
r © 60.3 4.8 357 104 51 5 5 6 tr tr 1897 2423 78
D 48.9 6.2 288 32 L8 2 5 13 0 0 310 698 19
E 56.6 52 388 40 68 9 5 12 tr 0 725 1247 35
F 55.7 5.6 420 50 69 3 3 4 tr 0 738 1287 32
A 69.1 52 661 110 125 9 5 tr 0 0 775 1685 19
B 65.2 4.8 512 L7 65 9 7 3 tr 0 701 1344 27
rr © 53,2 5.2 252 135 L5 3 7 20 0 0 725 1187 37
D 53.2 S.4 248 35 51 1 6 7 0 0 341 689 2l
E 60.7 S.4 238 23 55 6 6 12 5 5 365 715 26
F 60.5 Loby 225 28 52 3 5 7 2 tr Skl 866 41

* 1I; Baled, III; non-Baled, A; Control, B; Formic acid, C; Sodium propionate, D; Formalin,
E; Formic acid + Formalin,_F; Hydrochloric acid.

** Organic acid was analyzed by gas chromatography.

Co;

Ldokoi Esaluation by Fleig’s appraisal method.
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Table 4. Linear correlation coefficients among main traits
( n=31 )
Correlation coefficients
Traits
xa xj J(z| 35
Moisture content X -0.333 0.900%** 0.664%** 0.662**
Silage pH X5 -0.031 -0.438%** -0.432*
VFA 1{3 0.550%* 0.603%*
Total acid X, 0.555**

Aerobic deterioration K5

* Significant at 5% level
** Significant at 1% level

Table 5.

Eigenvalue and factor loading on principal component analysis

Factor loading of principal component

Original variables

Cumulative contribution
of 21 and Za to

original variables (%)

! , % 23 2 25

Moisture content % 0.5191 0.2157 0.0545 0.5023 0.6547 90.5
Silage pH X, -0.2802 0.8189 0.0081 -0.4195 0.2736 94.5
VFA X3 0.4717 0.4976 0.0494 0.2024  -0.6974 96.5
Total acid X, 0.4651  -0.1670 0.6472 -0.5758 0.0742 71.7
Aerobic deterioration Xg 0.4617 -0.0858 -0.7587  -0.4463 0.0768 68.6
Eigenvalue 3.181 1.037 0.445 0.291 0.046

Contribution ratio 0.636 0.207 0.089 0.058 0.009 ¢ Mean )
Cumulative contribution(%) 63.6 84.3 93.2 99.0 100.0 84.3

*
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Summary

Italian ryegrass and Rhodesgrass were cut with a rotary mower
and harvested with a hay-baler after pre-wilting during 1980 on

the dates shown in Table 1. Each baled and non-baled materials

were ensiled in vinyl bag silos without additive or after the
addition of formic acid and sodium propionate at 0.3%, formalin
at 1%, formic acid + formalin at 0.15+0.5% and hydrochloric
acid(2N) at 3% of fresh matter weight and stored at room temp-
The air was not sucked from silos.

erature.

The results of investigating some traits of silage and aero-

*

bic deterioration were summarized as follows:

1. The lower moisture contents, total organic acids and volatile
fatty acids and the higher pH of silages, the higher quality of
silages were resulted. These silages were susceptible to rapid

deterioration after opening silos.

2. Both formic acid and formalin were effective in restricting

fermentation and were particularly liable to deteriorate rapidly

on exposure to air.

3, Sodium propionate was effective in hastening lactic fermen-

tation and suffered aerobic deterioration.

4. It was effective on aerobic deterioration when formalin was

added at the time of opening but not at the time of ensiling.



