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Abstract 

In vitro digestibility of silage was influenced sample preparation methods 
because silage contained volatile compounds had potentially losses during 
preparation. An experiment had been conducted to evaluate different methods for 
preparing of a silage sample which was used in vitro digestibility studies. King 
grass (Pennisetum hybrid) silage were sampled at 21 d incubation for in vitro gas 
production analysis. Sample preparation was conducted by oven drying at 60°C 
while freeze drying method at -20°C and both of them conducted during 20 hours. 
The variables measured were in vitro dry matter and organic matter digestibility 
(IVDMD and IVOMD), gas production, volatile fatty acids (VFA) production. The 
experiment was arranged on completely randomized design with t-test analysis. 
Results showed that either IVDMD or IVOMD from silage dried by oven and freeze 
drying methods were similar. Production of volatile fatty acid (VFA) and acetate: 
propionate ratio (C2:C3) had also no differences between silage prepared by oven 
and freeze drying methods. However, total gas production from silage during 48 
hours incubation affected by drying methods significantly (P<0.05). Gas production 
of freeze dried silage (Y) could be predicted by gas production from oven dried 
silage (X) as followed the equation was Y=1.0846X+0.7947 (R2=0.997). It was 
concluded that oven drying method could be used for the sample preparing method 
of silage at the in vitro digestibility analysis. 
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Introduct�on

S�lage �s def�ned as forage that �s preserved �n the controlled fermentat�on 
(McDonald et al., 1991). It �s a complex rout�ne preparat�on to determ�ne chem�cal 
const�tut�on and character�sat�on of s�lage products. Due to s�lage �s a product of 
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m�crob�al fermentat�on act�v�ty wh�ch produce volat�le and unstable chem�cal com-
pound such as ammon�a, volat�le fatty ac�ds, and lact�c ac�d (Rêgo et al., 2010). To 
overcome the problems, many researchers often use a freeze dry�ng techn�que for 
a better sample preparat�on �n future analys�s (Grabber, 2009). However, there are 
l�m�tat�ons apply�ng th�s method �nclud�ng relat�vely expens�ve equ�pment, more 
complex sample preparat�on, etc. On the other hand, there are some relat�vely s�m-
ple preparat�on methods to proceed, such as oven dry�ng (Kamarlo�y and Yansar�, 
2008) or freeze dry�ng (Calabrò et al., 2005, Grabber, 2009). 

It �s necessary to �nvest�gate effects of substrate preparat�on (�.e. freeze versus 
oven dr�ed) on in vitro d�gest�b�l�ty of k�ng grass (Pennisetum hybrid) on the bas�s of 
in vitro gas product�on techn�que. Th�s �s because sample preparat�on method pro-
duced h�ghly s�gn�f�cant �nfluence on in vitro degradat�on test. Calabrò et al. (2005) 
�nd�cated that there was s�gn�f�cant �nteract�on between sample method preparat�on 
and fermentab�l�ty parameters. Total gas product�on �s known to g�ve a good est�ma-
t�on of d�gest�b�l�ty (Beuv�nk and Kogut, 1993). Th�s method �s also able to pred�ct 
fract�ons of rumen fermentable organ�c matter, crude prote�n and starch escap�ng 
rumen degradat�on as well as in vitro organ�c matter d�gest�b�l�ty (DeBoever et al., 
2005). 

Therefore, the object�ve of th�s study was to �nvest�gate the effect of sample 
preparat�on method on k�ng grass s�lage d�gest�b�l�ty based on determ�nat�on of in 
vitro dry matter and organ�c matter d�gest�b�l�ty, total gas and volat�le fatty ac�ds 
product�on us�ng gas product�on techn�que.

Mater�als and methods

S�lage was made from k�ng grass (Pennisetum hybrid). Grass was w�lted for 
24 hours to �ncrease dry matter (DM) content. Feed mater�als were chopped w�th 
shredded s�ze 1-3 cm. Inoculants 1% (v/w) was added �nto grasses and water was 
also added to adjust mo�sture content up to 75%. After m�x�ng homogenously, all 
�ngred�ents were packed �n plast�c bag (5 kg/pack) and �ncubated for 21 days. Samples 
were prepared by two methods of dry�ng. The f�rst group was dr�ed by oven-dry�ng 
(60 °C) for 20 h, and the other one was dr�ed by freeze-dry�ng method us�ng a freeze 
dryer Leybold-Heraeus GT Lyovac type-2 (Peterswan Ltd., Ed�nburgh) at -20 °C 
for 20 h. Samples were then ground w�th a mortar and s�eved by a f�lter (1.0 mm 
screen�ng).

Evaluat�on of s�lage d�gest�b�l�ty, volat�le fatty ac�ds (VFA) and ammon�a 
(NH3) product�ons were measured by the total gas product�on us�ng Menke et al. 
(1979) that was mod�f�ed by Jayanegara et al. (2009). In vitro DM and organ�c matter 
(OM) d�gest�b�l�ty (IVDMD or IVOMD) were measured accord�ng to Blümmel et 
al. (1997) method. In vitro d�gest�b�l�ty was determ�ned by calculat�ng degradat�on 
percentage of DM or OM after �ncubat�on for 24 h.
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 Ground s�lage samples (380 mg, DM 86.4%) were placed �nto the syr�nge to 
the pre-�ncubat�on for 24 h at 39 °C. Rumen flu�d (10 ml) and buffer solut�on (20 ml) 
were �nserted �nto syr�nge w�th saturated CO2. Compos�t�on of buffer solut�on per 100 
ml rumen flu�d (Menke et al., 1979) cons�sted of macrom�nerals (23.7 ml), m�cro-
m�nerals (0.012 ml), b�carbonate buffer solut�on (23.7 ml), resazur�n 4% (0.122 
ml), reduc�ng solut�on (4.96 ml) and d�st�lled water (47.5 ml). Rumen flu�d was 
taken from f�stulated beef cattle (Ongole crossbred) wh�ch had been cond�t�oned to 
feed�ng standard (feed compos�t�on cons�sted of 60% forage and 40% concentrate). 
Gas product�on k�net�cs was calculated based on exponent�al equat�on (Ørskov & 
McDonald,1979). The est�mated value of a, b, c were calculated by f�tt�ng curve 
method us�ng Neway Software (Rowett Research Inst�tute, Aberdeen, UK) �nstalled 
at M�crosoft Off�ce Excel 2007® that was developed by Chen (1997). VFA was 
analysed us�ng gas chromatography method (Fr�ggens et al., 1998) and NH3 analys�s 
us�ng spectrophotometr�c method (Broder�ck & Kang, 1980).

Evaluat�on of in vitro d�gest�b�l�ty and fermentab�l�ty were arranged on 
completely random�zed des�gn w�th 2 treatments. Each treatment cons�sted of 3 
repl�cat�ons w�th 2 sub samples. Pangola grass (Digitaria decumbens) was used as 
standard sample and each syr�nges conta�n�ng s�lage, standard samples and blank 
were randomly allocated �n the �ncubator. Incubat�on was carr�ed out for 48 h and gas 
product�on was observed at 0, 1, 2, 4, 6, 8, 12, 18, 24, 36, and 48 h after �ncubat�on.  
Data of IVDMD and IVOMD, gas product�on, VFA total, acetate (C2), prop�onate 
(C3), butyrate (C4), and NH3 were analyzed w�th analys�s of var�ance (ANOVA) 
and �f among the treatments showed s�gn�f�cant d�fferences (P<0.05) followed by 
t-test (Gomez & Gomez, 2007).

Results and d�scuss�ons
 
Effect of dry�ng methods on in vitro IVDMD and IVOMD were shown at Table 

1. IVOMD and IVDMD of s�lages prepared by freeze dry�ng method were 5%-
6% h�gher than those of s�lages prepared by oven dry�ng method. However, dry�ng 
methods had no s�gn�f�cant �nfluences on those var�ables. In vitro d�gest�b�l�ty of 
s�lage could be �nfluenced by many factors wh�ch were sample preparat�on methods 
and chem�cal component of feedstuff.

Fresh or freeze-dr�ed s�lages tended to be more fermentable than oven-dr�ed 
s�lage (Calabrò et al., 2005, Grabber et al., 2009), the nutr�t�ve value, espec�ally 
prote�n and crude f�ber �n s�lage, was closely related to in vitro degradab�l�ty 
(DeBoever et al., 2005).  In many cases, overheat�ng affected solub�l�ty of nutr�ents. 
Prote�ns were b�nd�ng to NDF content �n s�lage �f dry�ng temperature was more 
than 70 °C (Cone et al., 1996).  Because of sample was dr�ed at low temperature 
(60 °C), there was no s�gn�f�cant alterat�on of total nutr�ent solub�l�ty �nd�cated by 
a s�m�lar�ty �n d�gest�b�l�ty of oven-dr�ed sample to that of freeze-dr�ed sample. 
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Calabrò et al. (2005) reported that there were no d�fferences �n OM degradab�l�ty 
(707 vs 708 g/kg) from s�lage dr�ed by freeze- and oven- dry�ng (65 °C). VFA and 
ammon�a were read�ly vapor by �ncreas�ng temperature �n dry�ng chamber. Unstable 
chem�cal compound (VFA and NH3) could be exhausted after s�lo was opened and 
s�lage was dr�ed (Rêgo et al., 2010). To ma�nta�n volat�le or unstable compounds, 
�n s�lage could be conserved by freeze dry�ng (Grabber, 2009). D�fferences of 
dry�ng methods were s�gn�f�cantly �nfluence k�net�cs of gas product�on dur�ng 48 
h �ncubat�on. Gas product�on was h�gher for freeze-dr�ed sample than that of oven-
dr�ed sample  (F�gure 1A). Th�s result �nd�cated that gas product�on from s�lage was 
h�gher when �t was prepared by freeze-dry�ng than by oven-dry�ng.

Gas product�on obta�ned from freeze-dr�ed s�lage (Y) could be est�mated by 
that from oven-dr�ed s�lage (X) follow�ng the equat�on: Y= 1.085X+0.795 (R2= 
0.998) (F�gure 1B). Th�s equat�on showed a s�gn�f�cant analys�s based on cons�stent 
�ncreases �n gas product�on from both s�lages prepared by d�fferent methods. Oven-
dr�ed s�lages could be used as est�mat�on of gas product�on produced by freeze-dr�ed 
s�lages. De�num and Maassen (1994) stated that forage dr�ed at at 70 oC produced 

1IVDMD: in vitro Dry Matter D�gest�b�l�ty, 2IVOMD: in vitro Organ�c Matter D�gest�b�l�ty, 3Gas 
Product�on from Soluble Fract�on (a) and Potent�al Soluble Fract�on (b), and Rate of Gas Product�on 
(c), * Mean w�th d�fferent superscr�pt at same row showed s�gn�f�cant d�fference (P<0.05).

Table 1. In vitro d�gest�b�l�t�es, gas product�on parameters, product�on of volat�le fatty ac�d 
(VFA) and amon�a (NH3) from s�lage prepared by oven and freeze dry�ng

Var�able
Dry�ng Methods

Oven (60 °C) Freeze Dry (-20 °C)
In vitro d�gest�b�l�ty
IVDMD1 (%) 43.74±3.18 46.29±8.62
IVOMD2 (%) 50.61±3.01 53.83±10.55
Gas product�on3

a (ml/h) -0.450±0.401 -0.518±0.479
b (ml/h) 48.32±2.623 50.746±4.675
a+b (ml/h) 47.87±2.517 50.227±4.580
c (ml/h)* 0.032±0.006b 0.025±0.003a

Total VFA (mM) 161.11±63.74 162.99 ± 79.10
Acetate (C2) (mM) 114.11±47.86 109.79 ± 54.89
Prop�onate (C3) (mM) 34.89±11.93 39.25±17.61
Butyrate (C4) (mM) 12.11±5.31 13.96 ±7.94
Rat�o C2:C3 3.20±0.63 2.75±0.39

NH3 (mg/100 ml) 32.13±3.68 32.08±4.68
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less nutr�ent destruct�on, but dry�ng up to 105 oC caused more prote�n bound to NDF 
fract�on and �ncreased other compound losses. Th�s was due to Ma�llard react�on to 
occur between am�no ac�d (prote�n) and glucose that strengthened chem�cal l�nkage 
�n those fract�ons and less fermentable �nd�cated by lower�ng gas product�on.

Var�ables of soluble (a) and �nsoluble fract�on (b) showed non-s�gn�f�cant d�f-
ferences between sample prepared by both dry�ng methods. However, gas produc-
t�on rate (c) data was able to show nutr�ent loses produced by oven-dry�ng method. 
Fresh s�lage (200 mg)  produced gas (45.6 ml) h�gher than dr�ed s�lage (32.4 ml) at 
24 h �ncubat�on (Calabrò et al., 2005). Dry�ng at low temperature was able to keep 
volat�le compound �n s�lage, and th�s type of s�lage could be s�m�lar to that of fresh 
s�lage. Metabol�tes �n s�lage were dom�nated by organ�c ac�ds such as lact�c, acet�c, 
prop�on�c, and butyr�c ac�ds, N-ammon�a (McDonald et al., 1991).

There were no s�gn�f�cant d�fferences between oven- and freeze- dry�ng for 
s�lage prepar�ng method on total VFA, acetate, prop�onate, butyrate and ammon�a. 
Average product�ons of acetate, prop�onate and butyrate were 112.0, 37.1, and 13.1 
mM, respect�vely, w�th average rat�o of acetate (C2) and prop�onate (C3) was 2.98 
and ammon�a product�on was around 32.0 mg/100 ml. Calabrò et al. (2005) reported 
that freeze- and oven- dry�ng produced d�fferent effects on corn s�lage, but were not 
stat�st�cally s�gn�f�cant. The results showed that total VFA (90.90 vs 82.94 mmol/g 
OM), acetate (65,60 vs 54.56 mmol/g OM), prop�onate (23.4 vs 22.26 mmol/g OM), 
butyrate (1.99 vs 3.03 mmol/g OM). Moreover, those d�fferences value showed that 
not s�gn�f�cant d�fferences. Based on fermentab�l�ty var�ables, there were s�m�lar�ty 
�n responses between the two methods. Volat�le compound produced by m�crobes 
dur�ng ens�lage was not s�gn�f�cantly lost when s�lage sample was prepared by oven 
dry�ng (60 °C, 20 h). A h�gher dry�ng temperature caused many losses of compound 
�n fresh forage decrease �n d�gest�on rate, conversely a lower dry�ng temperature 
(50-70 °C) caused less several loses (De�num & Maasen, 1994).

F�gure 1. Gas product�on k�net�cs (A) and relat�onsh�p of gas product�on (B) from s�lage 
prepared by freeze and oven dry�ng
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Conclus�on

 There were no d�fferences between oven-dr�ed (60 °C, 20 h) and freeze-dr�ed 
(-20 °C, 20 h) samples on �n v�tro d�gest�b�l�ty and fermentab�l�ty.  Gas product�on 
of freeze-dr�ed s�lage (Y) could be pred�cted by that from oven-dr�ed s�lage (X) 
us�ng the follow�ng equat�on: Y= 1.085X+0.795 (R2= 0.998). It was concluded that 
oven-dry�ng (60 °C, 20 h) method can be used for prepar�ng s�lage samples �n in 
vitro d�gest�b�l�ty analys�s.
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