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Approach to Develop the New Treatment Methodologies
of Grass Silage to Enhance the Feed Nutritive
Value by Ruminant
B. J. Hong and Y. G. Goh

Summary

The overall objective of this research was to evaluate the effects of spraying sulfuric acid solution,

and adding corn meal or molasses to reed canarygrass silage on digestibility of dry matter (DM) and fib-

rous components in ruminant. DM content of molasses or corn meal treated silages were higher than con-

trol. Whereas, sulfuric acid treated silage showed lower DM content compared with untreated control.

Acid detergent fiber content was similar among treatments, but neutral detergent fiber (NDF) and hemi-

cellulose concentration were higher in treated silages than those of control. Organic acids content were

also increased in treated silages. In contrast, silage pH were lower in treated silages. Treated silages inc-

reased both rate and extent of DM and NDF in situ digestibility compared to control at all incubation

times. Especially, 7 % molasses and 0.4 % sulfuric acid treated silages increased DM and NDF digestibility

significantly after 12 hours of incubation compared with control. In vitro DM and NDF digestibility showed

similar trend to in sifu incubation. Also treated silages(molasses or sulfuric acid treated) incubated in sifu

had higher particle-associated carboxymethylcellulase activity throughout the incubation except 72 hours.
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Table 1. Chemical composition of reed canarygrass silage.

Molasses Corn meal Sulfuric acid
Item Control
! 5 7 3 5 7 0.1 0.2 0.4
DM?, % 39.4 40.4 41.2 42.7 39.7 40.7 42.5 39.2 39.8 39.5
------------------------------------------------- (% of dry matter) -----------ommes e
CP3, 11.4 11. 4 11.5 11.1 11.6 11.8 11.9 11.6 11.9 12. 4
NDF¢, 55, 9¢ 54, 9 53.3% 52 7® 55. 3 54.4%¢ 54, 20d 54 1 53 gibd 57 ge
ADF3, 34.5 34.1 33.8 33.8 34.3 34.0 34.1 34.4 33.6 32.4
HCS, 21.4° 20. 8 19.5% 18.¢9° 21.0® 20. 4* 20.1® 19, 7 20, 2% 19. 4
1Supplemented level of additives(% of dry matter basis)
DM = dry matter 3CP = crude protein
4NDF = neutral detergent fiber 5ADF = acid detergent fiber
SHC = hemicellulose
a b, c,d means in the same row with different superscripts differ(P<C . 05).
micellulose(HC) &} #HeF-& o] & B4 & H7igte g2 Aeg 7o) stx gk 9 W SEHNFE dE
e 2(P<.05) Hasle oI ey} F-oll mla) AEgreke] vhx F7iEl Aot o=

A7 4 2 MelgFe]l FHETE
Zra sk,
7V 7} ZHA ghef-2 ¥ 9t} Acid detergent fiber
(ADF) k& AA YT 33| v F522 Mo
ok cd el etz kol = NDF el ADF &
F A ste] AHEE HC 9 a2 NDF §se] 7tAas
i el Frb fo) A e 2(p<.05) Azt AR
vebwdt) ¥ Ald o] AR LT vl A gdege]

7t W £ govt XY E e v v E

RN Y FelgrLriotst griiofele]
W1 Fel eEHIE NHol £40) HasiAn u

A H o} (5, 1985) F7HE o2 YAE o)slpL
A HZol formic acid F el Al Zuhy A ko)

2713 Waldo 5(1973)3 Blaxter(1980)% R3¢}

128 SR Hri2 Q¥ AR e FEFgFY
Ztao)Rizt e dokae] FAREow 7 AT
2 A9a 7} olek, 283 Johnson 5(1894)°)
244 Aldel 2ol g oA bl A v
&tel 7 NDF, ADF % HC & 3eke] Za=ddie
B39} Petersen $(1981)°] Kentucky bluegrass st-
raw silage ol 24 10~30% (L E7|&)e2 A7t
¥} NDF, ADF % lignin @2¥o] Zastsics g
n| o] Huf BUMFe] BEE FE FHHT
o3t Mg adEA vebd At Yok

Fru Al z e §7)4k % H9(Table 2),
WA Ho g HelFrt 2T Ahde) 3] pH 4.87 of
vl 4.22~4.76 A2 T3] e AFE Bgh
SV A geke vl gl SR YIMETL i Frkeke

x4

Table 2. Values of pH and organic acids in reed canarygrass silage.

Molasses Corn meal Sulfuric acid
Item Control
3 5 7 3 5 7 0.1 0.2 0.4
pH 4.87 4.41 4,35 4,29 4.76 4.74 4. 65 4.64 4.48 4,22
---------------------------------------------- Organic acids (% /fresh silage) -------------r--mmommmmmemeeooes
Acetate 1.16 1.02 0.97 0.95 1.13 1.10 1.10 1.03 1.03 0.89
Lactate 2.39 2.45 2.60 2.67 2.35 2.42 2.48 2.40 2.45 2.50
Total 3.55 3.47 3.57 6. 62 3.49 3.52 3.58 3.43 3.47 3.39
LC/Total® 0.67 0.71 0.73 0.74 0.68 0.69 0.69 0.70 0.71 0.74

1Supplemented level of additives(% of dry matter basis).
2LC/Total = lactate/total acid.
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AgAd uizte] AT E FadtE PSR FUH e 2T vE HeleFol oS
byl Babgere i 2Te] 2.39% o vls) Y Frlele ASE B 5% Q7% AU oA
H7b7o B 2.57% W FAHTL] HF 2.45% 2 (P<.05) o] & et i gtk &, dE2T7Y AEx
F7rekalen, SEH7FE vl Hit 2.41% 2 3-8 61.24%°) ¥l 63.08~65.18%% °f 5% F4=
vhebytth 2w AN RS Al 3] Rty A5 By} oluf digestion rates= . Z72] 0.0242
1.16% ol vl w2 0.89% ol 41 1.13% 2 vieb} A hr'ell Bl 0.0246~0.026 2] M E AgxFo] ¥
F714k FA4bekel digk Wb A v 8- (lactate/total S4E Fobshe AYE BHoloh SEAVICE 3
acid ratio) HelF T3] FobAd Wz 0.67¢ "47}9} Hl 23 AT 2 48417 A EALFEE Y
Hls 0.68~0.749) W R vielY o] E A& o 63.2% 2 tf =12 61. 24%°ﬂ b)) of 32% HE
24 Akl ez o] F 3] #AEdEE 4 ol F 7hste] Rl A Al AE48HE Hope F715e] via
-2 0.67 W& SRH7-Re H4 0.69, ¥ A vepytel 12 L} S8 7% A= dHETel
AbR 7Rt 0. 72 W G H 2] 0.739] & vl fo] 2" (P<.05) 22 S8l 5.4% 2] NHA
vielul oAl o] S b A e Abde] A e %%401 #H7) vhebdoh A RTS] AEL SR o 2Tl
b A dhebe vlall f-2) H(P<. 050 F F7}ste] T 64% = °F
g4, i situ ol 9ste] 3,6, 9, 12, 24 % 48413 45% 9] A& 7L b T, el FEe] 21855
Nl A wlekg alule] AE 2388 5 Table 63.15% 1 4 64.88% 2.2 Z7}=lo] 344k 0.4% A7}
3,4 ¥ 59 Foh wlH 48417 AE 4SS 24 T b Ee AEAHES R & A8l da)

Table 3. Effect of molasses supplementation on dry matter digestibility of reed canarygrass silage incubated

in situ.
Incubation time(h) .
Treatment Digestion rate!
3 6 9 12 24 48
------------------------------------------ (% of dry matter) ---------rommrmemor e
Control 13.58 18. 06 25.41 29, 03" 46. 44° 61. 24" 0.0242
Molasses 3* 13.62 19.73 27.68 32.41° 48.91° 62. 78" 0.0246
Molasses 5 13.52 18.73 26.24 34.19 49. 45° 63. 08" 0. 0254
Molasses 7 12.93 20.01 27.24 35.41° 50. 45 65. 18° 0. 0260

'Rate constant for in situ disappearance ot dry matter.
?Supplemented level of additives(% of dry matter basis).
a, b, ¢ means in the same column with different superscripts differ(P<C. 05).

Table 4. Effect of corn meal supplementation on dry matter digestibility of reed canarygrass silage incubated

in situ.
Treatment Incubation time(h) Digestion rate’
3 6 9 12 24 48
----------------------------------------- (% of dry matter) -----=-=-------- hr?
Control 13.58 18.06 2541 29.03 46.44°  61.24° 0.0242
Corn meal 3° 13.54 17.63 25.01 30. 87 46.01"  62.29 0.0244
Corn meal 5 12.79 18.98 26.37 29.74 47.03"  62.78* 0.0248
Corn meal 7 13.32 18.51 26.41 32.29 48.21"  63.53° 0.0251

!Rate constant for in situ disappearance of dry matter.
2Supplemented level of additives(% of dry matter basis).
a, b means in the same column with different superscripts differ(P<C. 05).
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Table 5. Effect of sulfuric acid supplementation on dry matter digestibility of reed canarygrass silage incuba-

ted in situ.
Incubation time(h)
Treatment Digestion rate'
3 6 9 12 24 48
--------------------------------------- (% of dry matter) -------~---- hr!
Control 13.58 18.06 2541 29.03 46, 44" 61.24" 0.0242
Sulfuric acid 0. 12 12.70 18.69 24.05 28.58 48.34"™  63.15" 0.0260
Sulfuric acid 0.2 11.97 20.99 27.13 31.01 50.82™  63.99 0. 0265
Sulfuric acid 0. 4 12.57 19. 27 27.02 64. 88" 0. 0268

31.16 51.36°

!Rate constant for in situ disappearance of dry matter.
?Supplemented level of additives(% of dry matter basis).

a,b means in the same column with different superscripts differ(P<C . 05).

Table 6. Effect of molasses supplementation on neutra! detergent fiber digestibility of reed canarygrass

silage incubated in situ.

Incubation time(h)

Treatment Digestion rate!
3 6 9 12 24 48
--------------------------------------- (% of dry matter)--—------------ hr!
Control 10. 83 12. 77 15.28 21.96 28.97 48. 53" 0. 0205
Molasses 3 9.97 13.52 16.12 23.36 29.19 48.93" 0.0212
Molasses 5 10. 38 11.98 14 47 22.93 30.02 49. 46" 0. 0226
Molasses 7 11.16 12.52 15.38 24.22 31.62 50. 95° 0.0230

'Rate constant for rn sifi disappearance of NDF.
2Supplemented level of additives(% of dry matter basis).

a, b means in the same column with different superscripts differ(P<C. 05).
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Table 7. Effect of corn meal supplementation on neutral detergent fiber digestibility of reed canarygrass si-
lage incubated in situ.

Incubation time(h)

Treatment Digestion rate'
3 6 9 12 24 48
------------------------------ (% of dry matter) ----------r--mrrromeee hr!
Control 10. 83 12.77 15.28 21. 96 28.97 48.53 0. 0205
Corn meal 3? 9.79 11.93 15.14 20.75 27.12 47,81 0.0218
Corn meal 5 9.90 12. 81 16.93 21.52 28.54 48.54 0.0213
Corn meal 7 10.21 13.12 16.02 21.88 30. 83 49. 08 0.0229

'Rate constant for in situ disappearance of NDF.
2Supplemented level of additives(% of dry matter basis).

Table 8. Effect of sulfuric acid supplementation on neutral detergent fiber digestibility of reed canarygrass
silage incubated in situ.

Incubation time(h)

Treatment Digestion rate’
3 6 9 12 24 48
----------------------------- (% of dry matter)--------sm-mmeemeeeeeas hr
Control 10. 83 12.77 15.28 21. 96 28.97° 48. 53 0. 0205
Sulfuric acid 0. 1* 9. 39 14. 20 17.49 24.18 34.02° 50. 30* 0.0248
Sulfuric acid 0.2 9.91 14. 58 16.86 24.58 35.47° 53. 75° 0.0249
Sulfuric acid 0.4 9.85 15.22 18.08 24,83 36.21° 53.78" 0. 0250

'Rate constant for tn situ disappearance of NDF.
2Supplemented level of additives(% of dry matter basis).
a, b means in the same column with different superscripts differ(P<C. 05).

Table 9. Effect of molasses, corn meal and sulfuric acid supplementation on dry matter and NDF digestibi-
lity of reed canarygrass silage incubated in vitro.

Incubation time(h)

Treatment Digestion rate!
3 6 9 12 24 48
------------------------- - (% of dry matter) ------sooemseemmmreeeaees hr'
DM?
Control 14.1 21 4° 30.4° 36.9 53.8° 63. 1° 0.0254
Molasses’ 13.8 23.5° 32.3° 39.5° 57.9° 65.1° 0.0266
Corn meal* 13.9 22.1¢ 32.3° 38.3 55. 4™ 64. 3 0. 0260
Sulfuric acid® 14.1 20.9* 317 36.7° 57.4° 64. 9" 0.0270
NDF®
Control 11.7 13.6 17.1 27.0 34.2 50.1° 0. 0228
Molasses 12.1 14.8 190 27.9 37.5" 54. 6" 0.0234
Corn meal 11.5 14.2 17.9 25.5 35, 2% 51.1¢ 0. 0229
Sulfuric acid 11.4 15.2 19.2 28.5 37.7° 55. 2" 0.0234
TRate constant for in vitro disappearance of dry matter and NDF.
?Dry matter digestibility. 3Supplemented with 7 % molasses.
4Supplemented with 7 % corn meal.  ®Supplemented with 0.4% sulfuric acid.

6 Neutral detergent fiber digestibility.
a, b means in the same column with different superscripts differ(P<C. 05).
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Incubation time(h)

Treatment
3 6 12 24 48 72
------------------------------------- (g mol/min per g DM ------moomommmommoe
Control 23.2¢ 38.3" 30.4° 26.1° 13. 6 12.0
Molasses® 30.2° 48.4° 43.5 35.7" 20.4° 15.2
Corn meal® 24.5° 379 312 27.3 15. 4° 13.3
Sulfuric acid* 32.3 50.8" 45.6° 37.8 22.6° 14.8

1Dry matter
3Supplemented with 7 % corn meal.

a, b means in the same column with different superscripts differ(P<_.

ZSupplemented with 7 % molasses.
1Supplemented with 0.4 % sulfuric acid.
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