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 Combination Effect of Clove and Cinnamon Oil on in Vitro Rumen Gas and Methane Production  M.N. Rofiq1, S. Martono1, M. Görgülü2 & M. Boga³ 1Centre for the Agriculture Production Technology,Agency for the Assessment and Application of Technology (BPPT), MH.Thamrin, Jakarta,10340, Indonesia,E-mail: nasir_rofiq@yahoo.com 2Animal Science Department, Cukurova University, balcali, Adana, 01330, Turkey, 3Bor Vocational School, Nigde University, Nigde, TurkeyAbstract	Clove and cinnamon oils were used for rumen manipulation in ruminant animal production. Their major component, eugenol and cinnamadehyde were proved to optimize rumen metabolism and microbial composition. The objective of this study was to evaluate combination effect of clove and cinnamon oil on rumen gas and methane production by using an in vitro rumen fermentation system. Three ruminal cannulated cows were used as donors of ruminal fluid and were individually penned indoors. The cattle were fed daily total mix ratio (tmr – 60% concentrate 40% alfalfa hay) and had free access to water at all time. Ruminal fluid for in vitro rumen fermentation system was prepared as in vitro hohenheim gas test method. The treatments were 1) control, 2) cinnamon oil 300 ppm, 3) clove oil 300 ppm and 4) combination of clove and cinnamon oil which were assigned in order to factorial design. The results indicated that insoluble gas fraction (b; 40.8, 46.91, 

40.36 and 47.46 ml respectively) and potential of extent of gas production (׀a׀+ b; 43.01, 51.03, 42.96 and 50.45 ml respectively) were significantly different (p < 0.01) between treatments. Soluble gas fraction (a) and rate of gas production (c) were not different between treatments. Clove oil, cinnamon oil and their combinations affected methane production and both essential oil decreased methane production (18.15 ml/ g dm vs 11.80 ml/ g dm and 11.55 ml/g dm, p<0.05). However there were no additive or synergistic effect when they were used together (11.80 ml/g dm vs 11.55 ml/g dm). These results explained that some essential oils were used together as blend oil may not give additional beneficial effect.Keywords: clove oil, in vitro rumen fermentation system, orange peel oil, rumen gas production, rumen methane production
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Introduct�on	Publ�c	 awareness	 of	 the	 potent�al	 health	 r�sk	 and	 env�ronmental	 problem	caused	 by	 the	 excess�ve	 	 use	 of	 �n-feed	 ant�b�ot�cs,	 growth	 hormones	 and	 some	pharmaceut�cal	food	product�on	lead	to	proh�b�t�on	of	some	ant�b�ot�cs	s�nce	1998	�n	EU	member	state.		Some	aromat�c	herbs	and	essent�al	o�ls	wh�ch	have	been	used		for		an�mal	health	management	may	subst�tute	the	us�ng	of	growth	promoters	such	as	ant�b�ot�cs	and	hormones.	Current	�nterest	�n	rum�nant	an�mal	product�on	�ndustry	�s	focused	on	try�ng	to	�mprove	product�on	eff�c�ency	and	reduce	env�ronment	effect	(Methane	em�ss�on	and	ammon�a	excret�on)	 	w�th	us�ng	essent�al	o�ls.	Clove	and	c�nnamon	essent�al	o�ls	have	been	evaluated	at	some	doses.	The�r	major	component,	eugenol	 and	 c�nnamaldehyde	 were	 proved	 to	 opt�m�ze	 rumen	 metabol�sm	 and	m�crob�al	compos�t�on.Some	in vitro	research	of	clove	essent�al	o�ls	and	euogenol	o�l	from	doses	3	to	5000	mg/L	in vitro	fermentat�on	culture	was	reported	had	effect	on	all	of	rumen	fermentat�on	products	(Busquets,	2005a)	decreas�ng	VFA	concentrat�on	(Busquet,	2005b;	Cast�llejos	et al.,	2006).	In vivo	exper�ments	us�ng	used	blend	o�ls	conta�n	eugenol	(Agol�n	rum�nant)	0.5	g/day/cow	wh�ch	had	no	effected	on	dry	matter	�n-take	 and	m�lk	y�eld,	 but	 �ncreased	 fat	 conta�n	 �n	m�lk	 (Santos,	 2010).	C�nnamon	leaf	essent�al	o�l	 (500	mg/l)	conta�n�ng	76%	eugenol	decreased	N-ammon�a	con-centrat�on,	molar	of	branched-cha�n	VFA	(Fraser	et	al.,	2007),	acetate	but	�ncreased	prop�onate	and	butyrate	at	doses	312	mg/l		(Busquet	et al.,	2005b).	C�nnamon	leaf	o�l	(250	mg/l)	also	reduced	methanogenes�s	act�v�ty	of	rumen	bacter�a	and	methane	concentrat�on	�n	the	fermentat�on	gases,	w�thout	alter�ng	total	VFA	(Chaves	et al.,	2008).	In vivo	stud�es	reported	that	supplementat�on	of	c�nnamaldehyde	(200	mg/kg	of	dry	matter)	had	no	effect	on	dry	matter	�ntake,	ga�n,	feed	eff�c�ency,	carcass	char-acter�st�cs,	meat	qual�ty	and	rumen	N-ammon�a	concentrat�on	�n	grow�ng	lamb	fed	barley	or	corn-based	d�ets	(Chaves,	2008).		The	 comb�nat�on	 between	 essent�al	 o�ls	 or	 the�r	 components	 may	 result	 �n	add�t�ve	and/or	synerg�st�c	effects	that	may	enhance	eff�c�ency	of	rumen	m�crob�al	fermentat�on	and	nutr�ent	ut�l�zat�on	�n	rum�nants.	Thus,	th�s	research	was	evaluated	the	effects	of	clove	(eugenol),	c�nnamon(c�nnamaldehyde)	and	the�r	comb�nat�ons	�n	the	in vitro	fermentat�on	system.Mater�als	and	Methods	Three	rum�nal	cannulated	cows	were	used	as	donors	of	rum�nal	flu�d	and	were	�nd�v�dually		penned	�ndoors.	The	cow	was	fed	da�ly	total	m�x	rat�o	(TMR	–	60%	concentrate	40%	alfalfa	hay)	tw�ce	at	08.00	and	14.00	h	and	had	free	access	to	water	at	all	t�me.		Clove	(CO)	and	c�nnamon	(CIN)	essent�al	o�ls	were	extracted	us�ng	methanol	
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from	 clove	 bud	 and	 c�nnamon	 bark.	 The	 chem�cal	 compos�t�on	 of	 clove	 and	c�nnamon	essent�al	o�l	samples	�nd�cated	that	eugenol	conta�n	�n	clove	o�l	�s	97.26%	and	c�nnamaldehyde	conta�n	�n	c�nnamon	o�l	�s	17.79%.	The	TMR	that	was	used	for	rum�nal	an�mal	donor,	was	also	used	as	a	substrate	for	in vitro rumen	fermentat�on	system.	The	TMR	conta�ned	prote�n	18.81%,	ADICP	9.22	%CP,	NFE	49.87%,	crude	f�bre	19.77%,	NDF	38.22	and	ADF	29.24%The	treatments	were	1)	control,	2)	C�nnamon	o�l	(CIN)	300	ppm,	3)	Clove	o�l	(CO)	300	ppm	and	4)	Clove	o�l	(CO)	300	ppm	+	C�nnamon	O�l	(CIN)	300	ppm.	Add�t�on	of	CO,	CIN	and	the�r	comb�nat�on		were	evaluated	by	in vitro	Hohenhe�m	Gas	Test	(HGT).	The	method	of	the	HGT	system	�s	descr�bed	�n	deta�l	by	Menke	and	Ste�ngass	(1979).			Anaerob�c	techn�ques	were	used	�n	all	procedures	dur�ng	the	rumen	flu�d	trans-fer	and	�ncubat�on	per�od.	Rumen	flu�d	was	collected	from	rumen-f�stulated	cows	before	morn�ng	 feed�ng	after	2	weeks	 feed	adaptat�on.	F�ltered	Rumen	 flu�d	was	added	to	buffer	med�um	�n	proport�on	1	:	2	v/v,	keep	w�th	carbon	d�ox�de	flush�ng	for	10	-15	m�nute	before	start�ng	to	f�ll	up	the	syr�nges.	CO	and	CIN	o�ls	300	ppm	added	to	m�xed	rumen	flu�d	and	buffer	med�um	as	a	treatments	of	th�s	exper�ment.	Through	the	�nlet	of	the	HGT	glass	syr�nges	wh�ch	substrate	�s	placed	�ns�de	�t	,	30	ml	�ncubat�on	m�xed	med�um	(rumen	flu�d,	buffer	med�um	and	CO,CIN	or	comb�-nat�on	CO-CIN)		then	d�spensed	�nto	the	pre-heated	HGT	glass	syr�nge	(39	oC)	w�th	the	help	of	a	sem�-automat�c	p�pette.	The	�ncubat�on		was	conducted	for	96	hours	�ns�de	 the	mod�f�ed	water	bath	(39	 oC).	Buffer	med�um	conta�n�ng	some	solut�on	wh�ch	�s	descr�bed	by	Menke	and	Ste�ngass	(1979).			Gas	product�on	data	was	collected	at	3,	6	,	9,	12,	24,	48,	72,	96	hours.	After	6	h	of	�ncubat�on	methane	gas	was	measured	us�ng	a	catharometer	methane	sensor	OLC20	(Oldham	®,	USA).	The	methane	sensor	was	cal�brated	at	0–100%	methane	at	gas	produce	at	the	t�me,	and	was	cal�brated	aga�n	us�ng	pure	methane	gas	(99,7%).	Cumulat�ve	gas	product�on	data	were	f�tted	to	the	model	of	Orskov	and	Mcdonald	(1979):	y	=	a	+	b(1-exp-ct)where	:	a	-	gas	product�on	from	�mmed�ately	soluble	fract�on	(ml).	b-	gas	product�on	from	the	 �nsoluble	 fract�on	 (ml).	 [a	+	b]	–	potent�al	gas	product�on	 (ml).	c	–	gas	product�on	rate	constant	for	the	�nsoluble	fract�on	(ml/h).	t	–	�ncubat�on	t�me	(h).	y	–	gas	produce	at	t�me		t	(ml)Est�mat�on	of	metabol�c	energy	of	TMR	was	calculated	by	 	 equat�ons	 from	Alderman	(1985)		us�ng	prox�mate	values	of	TMR	and	from	Boguhn	et	al	(2003)	us�ng	gas	product�on	value.	The	pred�cted	value	of	ME	of	TMR	for	th�s	exper�ment	�s	2.70	Mcal/Kg.A	two	(CO0-CO300	ppm)	by	two	(CIN0-CIN300)	factor�al	arrangement	�n	a	completely	random�zed	des�gned was used to compare gas product�on, gas produc-	 was used to compare gas product�on, gas produc-	was	used	to	compare	gas	product�on,	gas	produc-
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t�on	k�net�cs	and	methane	product�on	us�ng	the	General	L�near	model	(GLM)	of	the	SAS.	The	s�gn�f�cance	of	d�fferences	between	�nd�v�dual	means	wre	determ�ned	us-�ng	Duncan’s	mult�ple	comparat�on	test.Results	and	D�scuss�on	Soluble	 gas	 fract�on	 (a)	 and	 rate	 of	 gas	 product�on	 (c)	 were	 not	 d�fferent	between	treatments.	These	data	suggested	that	a	lag	phase	due	to	delay	�n	m�crob�al	colon�zat�on	of	the	TMR	may	occur	�n	the	same	t�me	of	�ncubat�on.	The	fermentat�on	TMR	by	us�ng	CO,	CIN	and	the�r	comb�nat�on	had	s�gn�f�cant	effect	on	�nsoluble	gas	fract�on	(b),	potent�al	of	extent	of	gas	product�on	(|a|+b),		gas	product�on	after	96	h	�ncubat�on	and	methane	gas	product�on	after	6	h	�ncubat�on	(Table	1).	The	value	for	a	�ntercept	for	all	treatments	was	same	.	The	add�t�on	of	CIN	300	ppm	and	comb�nat�on	between	CO	and	CIN	resulted	�n	h�gher	value	of	gas	volume	at	asymptote	(b)	than	control	treatment	but	athe	add�t�on	Table	1.	Methane	product�on	at	6	hour	�ncubat�on,	character�st�c	and	cumulat�ve	gas	volume	product�on	 throughout	 96	 hour	 of	 rumen	 �ncubat�on	 w�th	 TMR,	 CO,	 CIN,	 and	comb�nat�on	between	CO-CIN	at	300	ppmGas	Parameter CO-0 CO300 SE P	<	0.05CIN-0 CIN300 CIN-0 CIN300 CO CIN CO*CINGas	characters	:		a -2.22 -4.12 -2.60 -2.99 0.66 0.59 0.11 0.28		b	 40.80b 46.91a 40.36b 47.46a 1.17 0.97 0.00 0.68		c 0.08 0.08 0.09 0.07 0.01 0.36 0.36 0.11		[a]	+	b 43.01b 51.03a 42.96b 50.45a 1.97 0.27 0.03 0.28Gas	Product�on	:6	h 12.50b 14.21a 12.86ab 12.53b 0.44 0.16 0.15 0.0424	h 31.28b 36.17a 30.75b 34.59a 0.59 0.1 0.00 0.3948	h 37.31b 41.69a 37.27b 42.13a 0.97 0.84 0.00 0.8196	h 38.74b 42.87a 37.70b 44.56a 1.76 0.85 0.01 0.45pH 6.78 6.76 6.76 6.74 0.01 0.19 0.14 1.00ME	(MCal/KgDM)* 2.25b 2.30a 2.25b 2.29a 0.01 0.10 0.00 0.39Methane		% 26.55a 21.11b 23.18b 18.86c 0.79 0.01 0.06 0.09								(ml/g	DM) 18.15a 11.80c 14.90b 11.55c 0.01 0.02 0.07 0.08MR	(%) 34.99 17.91 36.36CO=	Clove	o�ls,	CIN	=	C�nnamon	O�ls,	MR=	methane	reduct�on,	ME*=	pred�cted	by	equat�on	from	Boguhn,	J.	et al.	(2003),	Same	letter	at	the	same	row	�nd�cate	to	no	d�fference	bettween	treatment	(P>0.05).
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of	 CO	 300	 ppm	 had	 same	 value	 w�th	 control.	The	 gas	 volume	 at	 asymptote	 (b)	represented	the	fermentat�on	of	the	�nsoluble	fract�on.		Th�s	result	m�ght	�nd�cated	that	the	add�t�on	of	CO	at	300	ppm	had	no	negat�ve	effect	on	d�gest�b�l�ty	of	�nsoluble	fract�on	of	TMR,	because	CO	at	level	0.25	ml	and	0.50	ml		could	�nh�b�t		CMCase,	xylanase	and	acetylesterase	act�v�ty	(Patra,	2010).	The	add�t�on	of	CIN	300	ppm	and	comb�nat�on	between	CO	and	CIN	could	�ncreased	d�gest�b�l�ty	�nsoluble	fract�on	of	TMR		due	to	h�gh	value	of	gas	product�on	at	asymptote	(b)	and	total	gas	product�on	at	96	h	after	�ncubat�on.		There	�s	no	�nteract�on	effect	between	CO	and	CIN	on	gas	product�on	at	asymptote	(b)	value	(P	>0.05).	The	Add�t�on	of	CIN	300	ppm	and	comb�nat�on	between	CO	300	ppm	and	CIN	300	ppm	had		potent�al	extent	of	gas	product�on	value	h�gher	than	control,	but	the	add�t�on	of	CO	had	same	value	w�th	control.	These	 results	 �nd�cated	 that	 the	add�t�on	CIN	and	comb�nat�on	CO	and	CIN	affect	d�gest�b�l�ty	of	�nsoluble	fract�on	of	TMR.	Gas	product�on	24	h	after	�ncubat�on	�ncreased	w�th	the	add�t�on	of		CIN	and	comb�nat�on	CO-CIN	wh�ch	 �t	m�ght	 eff�c�ency	of	 energy	us�ng	 from	TMR.	Add�t�on	of	CIN	300	ppm	and	comb�nat�on	CO	and	CIN	had	pred�cted	metabol�sm	energy	after	24	h	of	�ncubat�on	h�gher	than	control.	Menke	et	al		(1988)	suggested	that	gas	volume	at	24	h	after	�ncubat�on	has	a	relat�onsh�p	w�th	metabol�zable	energy	�n	feedstuff.F�gure	1.	Cummulat�ve	gas	volume	est�mated	by	Y	=	a	+	b	[1-exp(	-	ct)]	throughout	96	hour.	substrat	�s	TMR	added	w�th	CO,	CIN	and	�ts	comb�nat�on	at	300	ppmAva�lable	energy	of	TMR	affected	on	gas	product�on	and	methane	em�ss�on	from	rumen	fermentat�on.	Add�t�on	of	CIN	300	ppm,	CO	300	ppm	and	comb�nat�on	CO	300	ppm		and	CIN	300	ppm	reduced	methane	product�on	after	6	h	�ncubat�on		from	control	(34.99%,	17.91%	and	36.36%,	respect�vely).	Methane	reduct�on	value	of	add�t�on	CIN	300	ppm	had	tw�ce	value	from	add�t�on	CO	300	ppm,	but	add�t�on	comb�nat�on	of	CO	and	CIN	had	same		methane	reduct�on	value	w�th	the	add�t�on	
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