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Abstract. This study was aimed to evaluate the effect of the increase levels of garlic extract (Allium sativum,
As) in beef cattle feed on rumen fermentation products and microbial populations. The materials used  were
rumen fluid and control feed (40 % fermented rice straw:60% concentrate). The research method was
experimental using Randomized Complete Block Design (RCBD) applying 7 treatments which were repeated 3
times. The tested feed treatments were S0 (control feed), S1 (S0 + 1.5 ppm of Cr, S2 (S0 + 250 ppm of As
extract), S3 (S1 + 250 ppm of As extract), S4 (S1 + 500 ppm of As extract), S5 (S1 +  750 ppm of As extract) and,
S6 (S1  + 1000 ppm of As extract). The data were analyzed using analysis of variance and followed by Honestly
Significant Difference test. The results showed that the treatment effects on total bacteria, protozoa
population, total gas and methane were highly significant but had no effect on dry matter digestibilityDMD and
organic matter digestibility OMD and production of VFA. The treatments increased total bacteria but
decreased total gas and methane. The best result was achieved on treatment S6 (supplementation of As at the
level of 1000 ppm in the feed) of which the feed with adequate Cr will result in the most efficient of
fermentation.
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Abstrak. Penelitian ini bertujuan untuk mengevaluasi pengaruh dan level penambahan ekstrak bawang putih
(Allium sativum, As) dalam pakan  sapi potong terhadap  produk fermentasi dan populasi mikroba rumen.
Materi yang digunakan dalam penelitian adalah cairan rumen sapi potong dan pakan kontrol (jerami
fermentasi :  konsentrat; 40:60%). Metode penelitian adalah eksperimental menggunakan Rancangan Acak
Kelompok (RAK) 7 perlakuan, setiap perlakuan diulang 3 kali. Pakan perlakuan yang diujicobakan pada sapi
potong yaitu S0: pakan kontrol, S1: S0 + 1,5 ppm Cr, S2: S0 + 250 ppm ekstrak As, S3: S1 + 250 ppm ekstrak As,
S4: S1 + 500 ppm ekstrak As, S5: S1 + 750 ppm ekstrak As, S6: S1 + 1000 ppm ekstrak As. Data dianalisis
menggunakan analisis variansi dilanjutkan uji Beda Nyata Jujur. Hasil penelitian menunjukkan  perlakuan
berpengaruh terhadap total bakteri, populasi protozoa,  gas total dan metan tetapi  tidak berpengaruh
terhadap kecernaan bahan kering dan bahan organik serta produksi VFA.  Perlakuan mampu meningkatkan
total bakteri serta menurunkan gas total dan metan. Hasil terbaik, pada pakan perlakuan S6 yaitu suplementasi
ekstrak As pada taraf 1000 ppm pada pakan yang tercukupi Cr organik menghasilkan efisiensi fermentasi yang
paling baik.

Kata kunci : Ekstrak Allium sativum, mineral mikro organik, populasi mikroba,  fermentasi rumen, sapi potong

Introduction

Increasing beef cattle population is one of
the main focuses of Indonesia agriculture
sector. The low productivity of beef cattle is
affected by the feed factor. Low quality of
forage does not directly reduce productivity. On
the other hand, the good feed is not necessarily
utilized optimally by livestock, it is partly due to
microbial fermentation of feed in the rumen. In

low-quality feed, protozoa prey bacteria as a
source of nitrogen. This condition is not
optimum for rumen fermentation, mainly due
to the reduced population of fiber-degrading
bacteria. Fermentation of feed will produce
energy, methane and CO2 (Hungate, 1988)
which causes a decrease in the availability of
minerals. One step in optimizing feed utilization
can be achieved through mineral adequacy,
defaunation of protozoa, and suppression of
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methane formation.  Selenium, chromium and
zinc in the diet can increase rumen
fermentation (Prayitno and Widiyastuti, 2010)
and garlic can be used as a supplement for
methane inhibition.  Newbold et al. (1995),
reported only about 37% of methanogen is
associated with protozoa. This means that
when only the protozoa is eliminated, it
reduces methanogen population as much as
37% and the the other 63% of methanogenic
will remain to produce methane. This approach
is therefore absolutely necessary to suppress
the methanogens activity. Hart et al. (2006)
reported that Allium sativum (garlic) via the
action of allicin has the ability to reduce
methane production which directly lowers
methanogens, and does not affect the bacterial
population in the Rusitec fermenter.
Antimethanogenic activity of garlic can affect
the stability of the cell membrane of Archea
(methanogens) that contains isoprenoid
alcohol. Archea methanogen isoprenoid
synthesis is catalyzed by HMG-CoA
(Hidroxymethylglutaryl-CoA) reductase, and
allicin of garlic has strong ability to inhibit HMG-
CoA reductase, thus the methanogenesis is
inhibited. This research was aimed to evaluate
the effect of the addition of of Allium sativum
extract levels in beef cattle feed on the rumen
fermentation products and microbial
populations.

Materials and Methods

The materials used in this study were beef
cattle rumen fluid and control feed (40%
fermented rice straw: 60% concentrate),
organic Chromium (Cr), methanol extract of
garlic (Allium sativum) without husk  and
materials for in-vitro analysis. Concentrate
contained cassava, pollard, coconut meal, corn
meal, mineral, salt and urea. The first step, the
garlic purchased from traditional markets was
peeled off, finely crosscut, oven-dried at 700C
for 72 hours then ground by a waring blender

to turn it into garlic powder. The garlic powder
was mixed with methanol (1:4) then macerated
for 12 hours. The extract was obtained by
putting the macerated mixture into
rotaryevaporator, then oven-heated at 600C for
4 days to get the dry garlic extract (that was
ready to use).

Fermented rice straw was prepared by
chopping it into 15 cm long of dry rice straw
(Dry Matter content of 85%). The EM4 as
source of microorganism was activated by
means of adding 0.2% of EM4 plus 2% of fine
bran and molasses which were then put into 1 l
of aquadest. The mixture was concealed free of
air and left for 24 hours. The chopped rice
straw was sprayed with the activated EM4,
then the mixture was put into plastic bags for
14 days of incubation. After fermentation, rice
straw was dried at 700 C for 3 days, then finely
ground.

The research method was an in vitro
experimental. There were 7 treatments and 3
replications in thefollowing treatments: S0:
control feed  (CP: 14.64%, CF: 21.14%, TDN:
64,5%); S1: S0 + 1.5 ppm organic Cr; S2: S0 +
250 ppm extract of Allium sativum; S3: S1 + 250
ppm extract of Allium sativum; S4: S1 + 500
ppm extract of Allium sativum; S5: S1 + 750
ppm extract of Allium sativum; S6: S1 + 1000
ppm extract of Allium sativum.

The variables observed in this study were (1)
dry matter digestibility (DMD) (2) organic
matter digestibility (OMD) (3) total VFA
concentration, (4) protozoa population, (5)
total bacteria, (6) total gas production and
methane. In vitro technique applied was that of
Tilley and Terry (1963). Total VFA concentration
measurements were carried out according to
Departement of Dairy Science (1966).

Rumen protozoa population was calculated
based on the staining technique using
methylgreen formalin saline solution (MFS) in
physiological saline solution and then fixed with
formalin (Ogimoto and Imai, 1981). (1) Stages
of enumeration (the supernatant was diluted 5
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times with a solution of MFS in the ratio of
1:1:3 (rumen fluid : MFS : distilled water)); (2)
Mixture was pipetted 1-2 drops, then placed in
a counting chamber with a thickness of 0.1 - 0.2
mm; (3) Protozoa colonies were counted in 5
squares; (4) Protozoa population was calculated
using the following formula: protozoa
population =  100 x number of colonies x
dilution factor. The calculation of total rumen
bacteria followed the procedure of Suryahadi
(1990) and the measurement of total gas was
based on the  method of Menke (1979).

Results and Discussion

Dry matter digestibility (DMD) and organic
matter digestibility (OMD). The average values
of all the treatments of rumen fermentation
products and microbial populations in beef
cattle trial were listed in Table 1.  The results of
this study showed that the supplementation by
using As extract into the fermented-rice straw
basal feed that was enriched with Cr had no
significant effect on  DMD and OMD. These
results confirmed that the active substances of
garlic (allicin and saponin) were not able to
stimulate cellulolytic bacterial activity. The
study of Benchaar et al. (2008) showed that the
dry matter, organic matter, protein, NDF, and
ADF digestibilities in the diet of dairy cattle
were not affected by supplementation of
cinnamaldehide extract, tannin from
Quebracho, and saponin from Yucca. The
digestibilities of DM and OM ranged between
62.5% to 64.3%, and 64.8% to 66.6%,
respectively. This result was not in line with
that of Yang et al. (2007) who reported that
the supplementation of garlic powder at 5
g/d/head was able to increase the DM and OM
digestibities from 49.4% to 55.2% and 49.6% to
55.4%, respectively, however it did not affect
the VFA concentration.

Total VFA concentration. Supplementation
of Allium sativum to  1000 ppm in the feed of
beef cattle which is adequite in Cr was unable

to influence the increase in VFA concentration
(Table 1). The condition was likely due to
suboptimum improvement of DMD and OMD,
and constant  populations of protozoa in cattle
that resulted in fiber-degrading bacteria
population remained stable, therefore,  the
energy in the form of VFA did not differ. Yang et
al. (2007) and Busquet et al. (2005) reported
that the addition of Allium sativum in the feed
of dairy cows showed different results
compared to the control concerning the
concentration of total VFA. Similar results were
reported by Cardozo et al., (2004) that the
administration of 7.5 mg/kg DM  of Allium
sativum (0.7% allicin) in the feed of dairy cows
in fistula showed similar total VFA
concentrations relative to  controls.

Population of protozoa. Supplementation of
As extract up to 1000 ppm highly significantly
affects the protozoa population  (Table 2).  The
supplementation of As extract into fermented-
rice straw feed that was enriched with Cr up to
the level of 1000 ppm tended to decrease
protozoa population. At the level of 250 ppm
and 1000 ppm, the supplementation of As was
effective to decrease protozoa population. The
decrease of protozoa of 42 percent decreased
methane concentration, because 15-37% of
methanogens work symbiotically with protozoa
(Newbold et al., 1995). The results of this study
illustrated that the 250 ppm and 1000 ppm
concentration of As extract had the ability to
decrease protozoa population (defaunating
agent). Kongmun et al. (2011) reported that the
content of As saponin as much as 20.94% was
able to function as a defaunating agent.

Total bacteria. The results (Table 2) showed
that the addition of garlic powder affected
bacteria populations (P<0.01). Micro mineral
(Cr) supplementation and Allium sativum in
feed could   increase  total bacteria. This
showed that allicin from Allium sativum was
capable of stimulating the growth of certain
types of bacteria.
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Table 1. The Effect of Allium sativum extract supplementation in feed of beef catle on rumen
fermentation products

Parameter
Treatments

S0 S1 S2 S3 S4 S5 S6
DMD (%) 54.15a 52.47a 55.55a 54.63a 54.49a 54.83a 54.07a

OMD (%) 44.04a 42.36a 45.22a 44.00a 43.16a 44.50a 43.68a

VFA (mM) 133.17a 134.17a 153.83a 129.17a 150.50a 137.83a 157.17a

Gas total  /ml 9.72a 6.84ab 8.64a 4.68bc 4.68bc 3.60bc 1.80c

Methane/ml 2.33a 1.64ab 2.07a 1.12bc 1.12bc 0.86bc 0.43c

Values bearing different superscripts at the same rows differ significantly (P<0.05)
S0:  control feed, S1: S0 + 1.5 ppm Cr, S2: S0  + 250 ppm As, S3: S1  + 250 ppm As, S4: S1  + 500 ppm As, S5: S1
+ 750 ppm  As, S6: S1  + 1000 ppm As

Table 2. The effect of Allium sativum extract supplementation in feed of beef catle on rumen
microbial population

Parameter
Treatments

S0 S1 S2 S3 S4 S5 S6
Protozoa  (106) 13.33ab 12.00ab 14.17ab 7.00c 11.92b 15.33ab 8.33c

Total Bacteria (log 10) 9.41c 9.83ab 9.69bc 9.47c 9.95ab 9.74ab 9.96a

Values bearing different superscripts at the same rows differ significantly (P<0.05)
S0:  control feed, S1: S0 + 1.5 ppm Cr, S2: S0  + 250 ppm As, S3: S1  + 250 ppm As, S4: S1  + 500 ppm As, S5: S1
+ 750 ppm  As , S6: S1  + 1000 ppm As.

The increase of As extract increased total
bacterial count and decreased total gas
concentration as well as methane gas
concentration. This case indicated that the
supplementation of As extract decreased or
inhibited the growth of fiber-degrading bacteria
(side product as H2) and methanogen. The
decrease in H2 concentration inhibited the
methanogens to synthesize methan, therefore,
the fermentation process would be more
efficient; to synthesize 1 mol of methane, 130
KJ/mol of energy is needed (Sahakian et al.,
2009). Kebreab et al. (2006) stated that the
fermentation process in the rumen involved 3
reactions, namely (1) fermentation reaction
that produces H2, for example acetate,
butyrate, and for growth of microorganisms
that use amino acids, (2) fermentation reaction
that uses H2, for example propionic acid
production, and other, VFAs and the growth of
microorganisms that use NH3, (3) the excessive
productions of H2 and CO2 produce CH4 by
methanogenic bacteria. The results showed

that the addition of garlic powder affects
bacterial populations (P<0.01). Goel et al.
(2008) reported that Sesbania saponins
decreased methanogen population by 78% and
increased Fibrobacter succinogenes (21%-45%)
and Ruminococcus flavefaciens (23%-40%).

Total gas production. The results  (Table 2)
showed that the  supplementation of As in
cattle feed lowered total gas production
(P<0.01). It indicated that the supplementation
of As in an adequate mineral feed can decrease
the total gas production  in beef cattle. The
decrease in total occured in the treatment
combination of mineral supplementation with
250-1000 ppm As extracts (S3-S6). The decline
ranged from 51.8% - 81.5% relative to the
control (S3-S6 vs. S0; 4.68 to 1.8 vs. 9.72
(P<0.01)). The condition was likely due to the
influence of As in inhibiting the growth of
methanogenic bacteria and methane in the
rumen of beef cattle. The decrease in total gas
resulted in efficient fermentation of feed to
energy through minimizing the energy loss.
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Methane is synthesized from CO2 + H+ (Kebreab
et al., 2006).   Sahakian et al. (2009) and Suharti
et al. (2009) stated that the formation of
methane in the rumen by methanogenic caused
energy loss up to 15% of the total ingested
chemicals energy. Allium sativum effective in
lowering total gas was also reported by Staerfl
et al., (2010) that supplementation of 150 g/kg
DM of As in cow feed could reduce the
methane amount 4.18 ml 8.35 ml of control and
lower total gas by 73,1 ml/l of control 145.6
ml/l. Kongmun et al., (2010) added  of 4 mg As
and  8 mg coconut oil in the diet, and they were
able toreduce methane as much as 18.9%
relative to controls and 45.5 mol lower total gas
by 13.7% from 59.8 ml during the measurement
of 72 hours.

Methane. Results on Table 1 showed that
garlic powder was significant in reducing
methane gas or inhibiting the occurrence of
methanogenesis. Although the more garlic
powder given the lower methane gas became,
the optimum level of each animal differed due
to different types of feed and rumen microbial
population. The results of Busquet et al. (2005)
showed that the addition of garlic oil at 3000
mg/L  reduced  total VFA and optimum dosage
in dairy cows was at 312 mg/L.  The use of garlic
oil at 312 mg/L decreased acetate, increased
propionate and valerate and lowered ratio  of
C2: C3 from 3.2 to 1.4.  Kim et al. (2012)
informed that garlic extracts by in vitro was
more effective in reducing methane (CH4) than
onion (onion), and ginger.  Garlic also lowered
the ratio between the acetate:propionate (A:P).
Emissions of methane in ruminal fermentation
are exclusively connected with the ratio A:P.
The decline in methane emissions will increase
the concentration of propionic acid; therefore,
the ratio A:P is low (Sutardi, 1977; Mitsumori et
al., 2008).  Kongmun et al. (2011) who
supplemented garlic powder at 100 g/per day,
obtained the results of the increased
propionate and decreased acetate. Annasori et
al. (2012) added that in vitro using 5 mg of

garlic powder on the 96-hour incubation time
effectively lowered total gas  compared to the
control.  The structure and action mechanism of
garlic extract and its main active components
on rumen microbial fermentaion are different
from those of other compounds. Busquet et al.
(2005) suggested that the antimethanogenic
effect of garlic and its active components were
the result of direct inhibition of Archaea
microorganisms in the rumen. Archaea
microorganisms have unique membrane lipids
that contain glycerol linked to long chain
isoprenoid alcohols which are essential for the
stability of the cell membrane (Kongmun et al.,
2010). Archea methanogen isoprenoid
synthesis is catalyzed by HMG-CoA
(Hidroxymethylglutaryl-CoA) reductase. Allicin
of Garlic has strong ability in inhibiting HMG-
CoA and methanogenesis. Clark et al. (2011)
stated that several factors could affect methane
production, including feed quality, type of
forage and feed additives. The results of this
study were consistent with the results of Patra
et al. (2006), Bodas et al. (2009), Sirohi et al.
(2009), Bunglawan et al. (2010) and Kholif et al.
(2012).

Conclusions

Supplementation of organic micro minerals
and extracts of Allium sativum either separately
or in combination, is more effective and
significant to increase microbial population and
rumen fermentation products.
Supplementation of 1000 ppm of Allium
sativum extract is effective in  cattle feed that
contain adequate Cr to improve the efficiency
of rumen fermentation.
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