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Abstract

The objectives of this experiment were to determine the effect of coffee residue 
(CR) as a replacement of kleingrass hay in total mixed ration (TMR) on rumen fer-
mentation characteristics and methane production in sheep. Four wethers with ini-
tial body weight (46 ± 7.2 kg) were used in a 4 × 4 Latin square design. The wethers 
were allotted to one of four TMR at 55 g dry matter (DM)/kg body weight -0.75/day.  
Four TMR used in this experiment were (CTL) Kleingrass hay + wheat + oat (50 
: 25 : 25, on DM basis ) as control; (LCR) : Kleingrass hay + wheat + oat + CR 
treated Bio-PKC (45 : 25 : 25 : 5, on DM basis); (MCR) Kleingrass hay + wheat + 
oat + CR treated with Bio-PKC  (40 : 25 : 25 : 10, on DM basis); (HCR) Kleingrass 
hay + wheat + oat + CR treated with Bio-PKC  (30 : 25 : 25 : 20, on DM basis ).  
Bio-PKC was applied at level of 2% (w/w).  The result showed that rumen pH value 
was maintained from 6.05 to 6.25. There was no significant (P>0.05) difference in 
rumen pH value by inclusion of coffee residue into TMR.  The NH3-N concentration 
and protozoa number were similar (P>0.05) among treatments. There was no dif-
ference in methane production among treatments when expressed as l/kg DMI and 
l/day/BW-0.75.  The study suggests that forage can be replaced by coffee residue 
treated with BIO-PKC up to 20% of the diet DM in ruminant feed.
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Introduct�on

Appropr�ate use of relat�vely �nexpens�ve agr�cultural and �ndustr�al by-products 
�s of paramount �mportant for prof�table l�vestock product�on. However, h�gh cost and 
low ava�lab�l�ty of convent�onal l�vestock feedstuff frequently demand cons�derat�on 
of by-product even �f eff�c�ency of ut�l�zat�on �s low.  In the beverage �ndustry, wastes 
from coffee grounds have �ncreased rap�dly �n recent years. Approx�mately 200.000 



485Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

ton of coffee ground are produced annually �n Japan. Although a small proport�on of 
those wastes are converted �nto raw compost mater�al, most are generally �nc�nerated 
(Wakasawa et al., 1998; Xu et al., 2007).

There �s �ncreas�ng demand for the eff�c�ent use of food by-products because 
of econom�c and env�ronmental concerns. Coffee grounds usually conta�n 14.5% 
CP, 18.4% ether extract (EE), 68.8% neutral detergent f�ber (NDF), and 54.8% ac�d 
detergent f�ber (ADF) (Xu et al., 2007). Santoso et al. (2011) reported that coffee 
waste conta�n 13.2 of crude prote�n (CP), 68.1% of NDF, 45.2% of ADF, 16.5% of 
EE and 0.08% of caffe�ne.  Therefore, coffee ground could poss�bly be a source of 
nutr�ents for rum�nants Xu et al. (2007).

It �s d�ff�cult to recycle those wastes as an�mal feeds, because they conta�n h�gh 
mo�sture and cons�derable amount of secondary metabol�te such as caffe�ne and 
tann�n wh�ch may reduce appet�te and prote�n d�gest�b�l�ty of the feeds. However, 
the secondary metabol�tes have been reported to m�t�gate rumen methane em�ss�on. 
In the prev�ous study, Santoso et al. (2011) reported that in vitro CH4 product�on �n 
coffee waste substrate was lower by 70% as compared t�mothy grass hay substrate.  
Therefore, the fermented res�dues processed to prevent aerob�c deter�orat�on 
w�th the m�xed m�crob�al products m�ght be s�gn�f�cant means �n env�ronmental 
and resource recycl�ng aspects for susta�nable agr�culture. The object�ves of th�s 
exper�ment were to determ�ne the effect of coffee res�due treated by B�o-PKC as a 
replacement of kle�ngrass hay �n TMR on rumen fermentat�on character�st�cs and 
methane product�on �n sheep. 

Mater�als and Methods

Animal and Treatments
Four wethers w�th �n�t�al body we�ght (46 ± 7.2 kg) were used �n a 4 × 4 Lat�n 

square des�gn. The wethers were �nd�v�dually housed �n metabol�c cages and fed the 
four total m�xed rat�on (TMR) at 55 g DM/kg body we�ght (BW)-0.75/day to meet 
ma�ntenance energy requ�rements. Half of the TMR were fed at 08:00 h and the other 
half at 16:00 h. Water and sod�um chlor�de block were freely ava�lable throughoutWater and sod�um chlor�de block were freely ava�lable throughout 
exper�ment.  Four TMR were used �n th�s exper�ment, namely: CTL : Kle�ngrass hay 
+ wheat + oat (50 : 25 : 25, on DM bas�s ) as control; LCR : Kle�ngrass hay + wheat 
+ oat + CR treated w�th B�o-PKC   (45 : 25 : 25 : 5, on DM bas�s); MCR: Kle�ngrass 
hay + wheat + oat + CR treated w�th B�o-PKC  (40 : 25 : 25 : 10, on DM bas�s); 
HCR: Kle�ngrass hay + wheat + oat + CR treated w�th B�o-PKC  (30 : 25 : 25 : 20, 
on DM bas�s). The BIO-PKC was appl�ed at level of 2% (w/w). The exper�ment was 
conducted �n 4 per�ods w�th four wethers per treatment per per�od.  Each per�od was 
cons�sted of 7 days adaptat�on, 2 days resp�ratory tr�al and followed by 1 day for 
rumen flu�d collect�on.  Refusals were we�ghed da�ly before the afternoon feed�ng.Refusals were we�ghed da�ly before the afternoon feed�ng. 
Body we�ght was measured before the afternoon feed�ng at the beg�nn�ng and end 
of each per�od.  
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Respiratory Trial
Resp�ratory tr�al �s conducted dur�ng 2 days of each per�od. Oxygen consumpt�on, 

and carbon d�ox�de and methane product�on by each an�mal are mon�tored by an 
open c�rcu�t resp�ratory system us�ng a hood over the an�mal’s head. 

 
Rumen fluid collection

Rumen flu�d (20 ml) were collected from each wether v�a f�stula by us�ng 
a 50 ml hand syr�nge �mmed�ately before feed�ng (0) and at 1, 2, 4, 6, 8 h after 
feed�ng on the last day of each per�od. The pH and ORP was measured �mmed�ately 
by us�ng a pH meter (D-51, Hor�ba Ltd., Japan). Sample was frozen at –10 °C for(D-51, Hor�ba Ltd., Japan). Sample was frozen at –10 °C forSample was frozen at –10 °C for 
further analys�s of ammon�a n�trogen and volat�le fatty ac�ds (VFAs) concentrat�ons. 
Concentrat�ons of �nd�v�dual VFAs were analyzed us�ng a gas chromatography (GC 
2014, Sh�madzu, Japan). Concentrat�on of NH3-N was analyzed accord�ng to method 
of Conway and O’Malley (1942). One m�ll�l�tre of rumen flu�d was m�xed w�th 4 mlOne m�ll�l�tre of rumen flu�d was m�xed w�th 4 ml 
of Methyl Green Formal�n Sal�ne (MFS) to count protozoa number.

Sample Analyses 
Dr�ed samples were used to determ�ne DM, ash and CP accord�ng to procedure 

of AOAC (1995). Procedure of Van Soest et al. (1991) was used to determ�ned 
concentrat�ons of NDF, ADF and ac�d detergent l�gn�n (ADL).  NDF was determ�ned 
w�thout the use of ∝-amylase and sod�um sulph�te.  

Statistical Analysis
Data of gas em�ss�on and fermentat�on character�st�cs were subjected to 

analys�s of var�ance for a Lat�n square des�gn us�ng GLM procedure of SAS (SAS 
Inst�tute Inc., Cary, NC). When s�gn�f�cant effects (i.e., P<0.05) of the treatment 
occurred, Duncan’s mult�ple range test were used to determ�ne d�fferences between 
treatments. S�gn�f�cance was declared at P<0.05, and a tendency toward s�gn�f�cance 
was declared at 0.05<P<0.10.

Results and D�scuss�on

The chem�cal compos�t�on of TMR used �n th�s exper�ment �s shown �n Table 
1. Increas�ng concentrat�on of coffee res�due �n the TMR tended to reduce DM, 
hem�cellulose contents and to �ncrease ADF content. The OM, CP, cellulose and GE 
contents of all TMR were s�m�lar 94.3 to 95.5%, 13.8 to 13.9%, 14.9 to 15.0% and 
19.1 to 20.0%, respect�vely.  In a prev�ous study, Santoso et al. (2011) reported that 
coffee waste conta�ned 0.08% of caffe�ne. S�m�lar value of 0.13% of caffe�ne �n cof-
fee grounds has been reported by Bartley et al. (1978).

Table 2 shows methane product�on �n sheep fed TMR conta�n�ng coffee 
res�due. There was no s�gn�f�cant (P>0.05) d�fference �n methane product�on among 
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treatments when expressed as l/kg DMI and l/day/BW0.75. Increas�ng concentrat�on 
of coffee res�due �n TMR resulted �n a h�gher methane product�on when expressed 
as l/day/BW0.75. Th�s result could be attr�buted to �ncreased ADF content �n the 
TMR. Moss (1994) revealed that d�gest�ble ADF, cellulose and hem�cellulose are 
�mportant var�ables �nfluenc�ng CH4 product�on �n the rumen.  In a prev�ous study, 
Santoso et al. (2011) found that in vitro CH4 product�on �n coffee waste substrate 
was lower by 70% as compared t�mothy grass hay substrate.  

Table 3 summar�zes the rumen pH value, concentrat�ons of NH3-N and VFA 
�n the rumen of sheep fed the TMR conta�n�ng coffee res�due. Inclus�on of coffeeInclus�on of coffee 
res�due �n the TMR had no effect (P>0.05) on pH value, protozoa number, con-
centrat�ons of NH3-N, total VFA, acetate and prop�onate.  Average of pH values �n 
the rumen of sheep fed coffee res�due var�ed from 6.06 to 6.26, wh�ch are �n the 
opt�mal pH range of 6.7 ± 0.5 requ�red to ma�nta�n normal cellulolys�s (Van Soest, 
1994) and requ�red for m�crob�al prote�n synthes�s (Russell et al. 1992).  Total VFATotal VFA 
concentrat�on �n the rumen of sheep fed TMR conta�n�ng coffee res�due (LCR, MCR 
and HCR) was relat�vely h�gher than of the control sheep.  Th�s result suggest�ng 
that �nclus�on coffee res�due up to 20% of DM �n TMR d�d not �nh�b�t rumen 
m�crob�al fermentat�on.  Th�s f�nd�ng was also supported by there was no s�gn�f�cant 

Table 1. Chem�cal compos�t�on of exper�mental TMR conta�n�ng coffee res�due

TMR
CTL LCR MCR HCR

DM (%) 88.3 83.9 79.6 70.9
-------------------------% of DM-------------------------

OM 94.3 94.6 94.9 95.5
CP 13.9 13.9 13.8 13.8
NDF 47.0 47.1 47.3 47.7
ADF 17.5 18.5 19.5 21.5
Hem�cellulose 29.5 28.7 27.8 26.1
Cellulose 14.9 14.9 14.9 15.0
GE (MJ/kg of DM) 19.1 19.3 19.5 20.0

Table 2. Methane product�on �n sheep fed TMR conta�n�ng coffee res�due

TMR
SEM P

CTL LCR MCR HCR
CH4 (l/d/kg BW0.75) 1.49 1.36 1.55 1.63 1.44 0.79
CH4 (l/kg DMI) 26.61 28.77 29.45 30.32 0.44 0.70
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effect on DM d�gest�b�l�ty of sheep due to �nclus�on coffee res�due �n TMR (data 
not shown). In the prev�ous study, however, Bartley et al. (1978); Xu et al. (2007) 
reported that the rum�nal flu�d from Holste�n steers or sheep rece�v�ng coffee ground 
had s�gn�f�cantly lower concentrat�on of total VFA than those rece�v�ng no coffee 
ground.  Proport�on of butyrate �n sheep fed LMR was (P<0.05) lower than those 
fed other TMR.

Conclus�on

Rumen methane product�on was s�m�lar �n sheep fed all TMR.  Total VFA was 
relat�vely h�gher �n sheep fed TMR conta�n�ng coffee res�due than those fed TMR 
w�thout coffee res�due.  Forage can be replaced by coffee res�due treated w�th B�o-Forage can be replaced by coffee res�due treated w�th B�o-
PKC up to 20% of the d�et DM �n rum�nant feed..  
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