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Abstract. The experiment was conducted in an attempt to study the effect of supplementation of Sapindus
rarak, garlic powder and its combinations in beef cattle feed enriched with organic minerals of Cr and Zn on
feed consumption, feed digestibility, feed efficiency, daily gain of beef cattle. The study used 16 males
Brahman cross cows, which were fed with feeds supplemented with 250 ppm Sapindus rarak powder, 250
ppm Garlic powder, and a combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral.
The results showed that supplementation of Sapindus rarak, garlic and enriched organic minerals increased
the consumption of dry matter, organic matter, digestibility of dry and organic matter, daily gain, feed
efficiency, and reduced the population of rumen protozoa and bacteria. Conclusively, supplementation with
250 ppm garlic powder and Cr-Zn organic minerals was the best for beef cattle feed to improve daily gain and
feed efficiency.
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Abstrak. Penelitian dilaksanakan bertujuan untuk mengkaji pengaruh suplementasi tepung Sapindus rarak,
garlic maupun kombinasinya yang diperkaya dengan mineral organik Cr dan Zn terhadap konsumsi pakan,
kecernaan pakan, pertambahan bobot badan dan efisiensi pakan sapi potong. Penelitian menggunakan 16
ekor sapi Brahman cross, yang diberikan 250 ppm tepung Sapindus rarak, 250 ppm tepung Garlic dan 250 ppm
tepung Sapindus rarak dan garlic yang diperkaya dengan mineral Cr dan Zn. Hasil penelitian menunjukkan
bahwa suplementasi tepung Sapindus rarak maupun garlic yang diperkaya mineral organik meningkatkan
konsumsi bahan kering, bahan organik, kecernaan bahan kering dan bahan organik, pertambahan bobot
badan, efisiensi pakan dan menurunkan populasi protozoa dan bakteri rumen. Suplementasi 250 ppm tepung
garlic dan mineral organik Cr-Zn merupakan suplemen terbaik pada pakan sapi potong untuk meningkatkan
bobot badan dan efisiensi pakan.

Kata kunci : Sapindus rarak, bawang, Cr-Zn, sapi potong, efisiensi pakan

Introduction area for forage cultivation is diminishing. Upon

In overall productivity of cattle in Indonesia  8loPal warming issue, ruminant livestock
methane is known as the largest contributor.
Data from the United States in 2007, showed

that in 2005 methane produced by dairy cattle,

is in the low category, this is mostly because
beef cattle farms in Indonesia are backyard

farms that rely on low quality feed as the main
beef cattle, sheep and goats accounted for

40.87% of the 539 Tg (Behlke, 2007), where as
the data from Environment Canada (2002)

feed. There are at least two problems in the
development of beef cattle, namely: (1) the

problem of providing high quality feed and (2)
showed that dairy adults cow produced 118 kg

CH,/head/year, beef cattle 72 kg
CH,/head/year, bulls 47 kg CH,/head/year, and
sheep 8 kg CH,/head/year. These
datashowedthatthe potential ofbeef

the problem of global warming, primarily
methane emission. The problem of providing
quality feed at this time faces with the nature
of the forage in the tropics that are high in

lighocellulose and cellulose, in addition, land
cattletoproducemethane gas was not fromdairy
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but because thebeef cattle

populationwas 10 times thepopulation of dairy

cows,

cows, the methane emission from beef cattle
was 5-fold of those from the dairy cows.

Beef cattle farms in Indonesia are based on
traditional farming relying on low quality feed
as the main feed, in which protozoa population
in the rumen ecosystem tends to be high.
Protozoa, predators of bacteria, will prey on
fiber degrading bacteria or bacterial cellulolytic
(Hobson, 1997). Based on the results of several
studies, the presence of protozoa in the rumen
are more harmful than beneficial (Eugene et al.,
2004).
populationhas been attempted, resulting in a

Therefore, suppression of protozoa
change in the microbial composition of rumen
ecosystem, including through defaunation, as
done by some researchers (Hess et al.,, 2003;
Lila et al., 2005; Vienna et al., 2005; Goel et al.,
2008; Suharti et al., 2009). Increased fiber
digestibility
precursor formation of Volatile Fatty Acids

in ruminants will provide the
(VFA), mainly acetic acid. On the other hand, an
increase in the concentration of acetic acid will
also affect the supply of H' ions into the
substrate for the synthesis of methane. Miller
(1995) asserted that the H' ions is a potential
substrate for methanogens in the synthesis of
although there is formic acid,
di
Methane emission reduction is almost entirely

methane,

methanol, mono, and tri-methylamine.
from defaunation (removal of protozoa), the
high availability of H" ions and the large
potential for methane formation, because only
37% of methanogens association with protozoa
(Newbold et al., 1995). Hart et al. (2006) stated
that Allium sativum (Garlic) has the ability to
reduce the production of methane because it
contains allicin and organosulfur that will
the

influence the effect of the

directly reduce methanogens, and
substances do not
bacterial population in the fermenter Rusitec.

that

contains isoprenoic alcohols affects the stability

Antimethanogenic activity of garlic
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of the cell membrane of archea (methanogens).
Isoprenoid synthesis of methanogens that is
catalyzed by HMG-CoA (Hidroxymethylglutaryl-
CoA) reductase and organosulfur of Garlic has
strong ability in inhibiting HMG-CoA, therefore
inhibiting methanogenesis. Protozoa and
inhibition of methanogenesis decline effectively
in dairy cows with the supplementation of
0:18%
garlic with adequate Se, Cr and Zn by in vitro
2013). beef

supplementation of garlic extract and coconut

Sapindus rarakextract and 250 ppm

(Prayitno et al., In cattle
oil (8:4) can improve the digestibility of dry
matter, but has not been able to increase the
body weight gain (Kongmun et al., 2011). This
condition occurs only because methanogens
reduction will save 15% of the ingested energy.
The results of the preliminary study showed a
garlic-Sapindus

rarak and organic mineral (Chromium) was

combination of extracts of

capable of producing an increase in dry matter
by 35% better than the research of Kongmun et
al. (2010). The research results of Suharti et al.
(2010) in form that the extract of Sapindus
rarak supplementation only increased the
digestibility of organic matter but does not
increase body weight. Similar results were
reported by Kongmun et al. (2011) on swamp
buffalo, that

coconut oil were not able to increase body

garlic supplementation and
weight gain because of suppression of methane
emissions would only save 15% of ingested
energy (130 KJ/mol, Sahakim et al., 2009 ). This
studyconducted in addition to the inhibition of
methanogenesis approach attempted to
increase the metabolism of carbohydrates,
lipids, amino acid with the addition of mineral

Chromium (Cr) and organic mineral Zn.

Materials and Methods

Materials of the Research. The materials used
were 16 males Brahman Cross males, with
average initial body weight of 300+12.26 kg.
Cows were housed individually in pens with a
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size of 1.5 x 2.60 m fitted with feed and
drinking water. Feed consisted of 40% rice
straw ammoniation and 60% concentrate. Feed
dry matter requirement was set at 4% of body
weight. Feeds were given twice a day, in the
morning and afternoon at 07.00 and 15.00.
Feeds and aorts were weighed every day and
drinking water was provided ad libitum. Feed
adaptation period was conducted for 2 weeks.
Cows were weighed every week for 10 weeks
using top brand digital scales with 1 ton
capacity. At week 10", rumen sample was
collected to calculate rumen protozoa and
bacteria. The compositions of treatment feeds
are presented in Table 1. The Sapindus rarak

in the
whereas

was purchased from a distributor

Purbalingga district, Central Java,
garlic was purchased from a traditional market
at Purwokerto, Central Java. The Sapindus rarak
was dried at 70 °C for 4 days, the seeds were

removed before grinding the dry fruit to make

powder. The garlic was peeled off, dried and
ground to make garlic powder.

Digestibility Trial. Feed
experiments were carried out for 7 days in

digestibility

week 10" of the study. Total collection method
was used for the sampling of feed, feed
residues and feces. Feed and aorts feed were
weighed every day. Samples of feeds and aorts
were collected for 7 days to proceed proximate
analysis (AOAC, 2000). Samples were carried
out on the stoolin the morning, afternoon,
evening and night.

Results and Discussion

The effect of supplementation of Sapindus
rarak, garlic and combination of garlic-Sapindus
rarak enriched with Cr-Zn on dry matter intake,
organic matter intake, and TDN intake are
shown in Table 2. These results indicated that

supplementation of Sapindus rarak, Garlic and

Table 1. Composition and nutrient content of treatment feed

Formulation CTL S-MO A-MO AS-MO
Ammoniated rice straw (40%) 100 100 100 100
Concentrate (60%)

Cassava waste, % 36 36 36 36
Wheat pollard, % 27 27 27 27
Coconut cake meal, % 18 18 18 18
Rice brand, % 10 10 10 10
Corn meal, % 5 5 5 5
Mineral-mixed, % 1 1 1 1
Ca- Dolomit, % 0.5 0.5 0.5 0.5
NaCl, % 1.5 1.5 1.5 1.5
Urea, % 1 1 1 1
Suplement

Sapindus rarak (%/kg DM ) 0 0.18 0 0.18
Garlic (mg/kg DM) 0 0 250 250
Cr Organic (ppm) 0 1.5 1.5 1.5
Zn Lyzinate (ppm) 0 40 40 40
Nutrient

Dry matter, % 88.98 89.55 89.34 89.90
Crude protein, % 14.68 14.44 14.01 13.82
Crude fiber, % 15.27 15.62 14.65 16.03
Ether extract, % 3.60 3.47 3.41 3.84
Ash, % 6.37 7.52 7.40 7.46
BETN, % 60.08 58.96 60.54 58.85
TDN, % 72.39 71.81 72.54 71.70

CTL: Control, S-MO: feeds supplemented with 250 ppm Sapindus rarak powder, A-MO: 250 ppm Garlic powder, AS-MO:
combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral
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combination of Sapindus rarak-garlic and
enriched with organic minerals (Cr and Zn) were
able to increase the consumption of dry matter
and organic matter than the control diet (Table
2). The increase in DMI and OMI indicated that
feed supplements improved feed digestion
process because feed supplements stimulate
the activity of the rumen microbes to provide a
comfortable condition for the rumen microbes.
Other studies found no effect of Sapindus rarak
powder on DMI in beef cattle feed (Suharti et
al., 2010). Ghosh et al. (2011) conducting a
research of garlic extract supplementation in
calves showed that supplementation with garlic
extract increased DMI, TDN and crude protein
intake.

The effect of supplementation of Sapindus
garlic-
Sapindus rarak enriched with Cr-Zn on dry
matter digestibility (DMD), organic matter
digestibilty (OMD) and crufe fiber digestibility
(CFD) are shown in Table 3.

Table 3 shows that supplementation with a

rarak, garlic and combination of

combination of Sapindus rarak and garlic-
enriched with Cr and Zn had higher dry matter,
organic matter and crude fiber digestibilities
than other treatments. Improved digestibility of
dry matter and organic matter indicated an
improved rumen ecosystem, while improved
digestibility of feed (dry matter and organic
matter) provided opportunities and availability
of sufficient nutrients for muscle synthesis.
Increased feed digestibility was probably due to
increased rumen microbial activity. An other
researcher scored digestibility of dry matter
fiber beef feed
supplemented with Sapindus rarak powder, i.e
57.65-67.76% and 18.39-36.44% respectively
(Suharti et al., 2010).

The effects of supplementation of Sapindus

and crude of cattle

rarak, garlic and combination garlic-Sapindus
rarak enriched with Cr-Zn on rumen protozoa
and bacteria population are shown in Table 4.
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Sapindusrarak, garlicora combination of
both with organic mineral enriched feeds were
effective as a defaunation agents (Suharti et al.,
2010; Prayitno and Hidayat, 2013), as seen from
the sharp decline in the population of protozoa.
the
because

Protozoa population decline allowed

reduction of methano gens,

approximately 37% of methanogens was in
symbiotic with protozoa (Newbold et al., 1995).

Garlic and organicmineral-enriched
feedsloweredrumen  bacteria, where as
supplementation or combination  garlic-

Sapindus rarak and organic mineral did not
affect rumen bacterial populations. The effects
of supplementation of Sapindus rarak, garlic
and combination of garlic-Sapindus rarak
enriched with Cr-Zn on daily gain and feed
efficiency are shown in Table 5. The data in
Table 5

Sapindus rarak combined with organic minerals

shows that supplementation of
was not able to increase daily body weight
gain, whereas supplementation of garlic and
combination of garlic-Sapindus rarak plus
organic minerals increased body weight gain.
These results indicated that Sapindus rarak as
protozoa defaunating agent was effective in
lowering protozoa count (Table 3), significantly
decreased protozoa but did not improve the
utilization of nutrients in the gastrointestinal
tract. Instead, a combination of garlic and
organic minerals significantly increased daily
body weight gain, as well as the combination of
garlic and Sapindus rarak with organic minerals.
Garlic as a source of alicin effectively lowered
methane (Prayitno and Hidayat, 2013; Hart et
al., 2006), so that the energy normally spentfor
the synthesis of methane was used for the
synthesis of muscle and meat. The Chromium
mineralis thought to give a significant role in
the increase in body weight gain. A research
results of Suharti et al. (2010) showed that
supplementation of Sapindus rarak in beef
cattle feed did not affect body weight gain.
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Table 2. Effect of herbal supplementation on consumption of dry matter (DMI ), organic matter
(OMI) and total digestible nutrients (TDN)

ltems CTL s-MO A-MO AS-MO P
DMI (kg.d™?) 9.23+0.85° 10.53+1.02° 10.68+0.69° 10.94+0,47° 0.006
DMI (%BW) 2.89+0.19° 3.260.22° 3.31+0.19° 3.40+0.08" 0.006
OMI(kg.d™) 7.6340.92° 8.130.62° 9.18+0.79° 9.05+0.49° 0.003
TDN-intake

(g 3,4740,23 3,5940,31 3,8840,21 3,9240,14

Values bearing different superscript at the same row shows significant (P<0.05).

CTL: Control, S-MO: feeds supplemented with 250 ppm Sapindus rarak powder, A-MO: 250 ppm Garlic powder, AS-MO:
combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral

Table 3. Effect of herbal supplementation on digestibility of dry matter (DMD), organic matter
(OMD) and digestibility of crude fibre (CFD)

ltems CTL S-MO A-MO AS-MO P
DMD (%) 61.87+0.82° 62.58+1.73" 61.061.27° 64.47+0.99" 0.001
OMD(%) 59.62+1.14° 61.15+1.07° 59.77+1.92° 63.96+1.60° 0.000
CFD(%) 43.04+1.59" 44.99+1.77° 39.16%2.03° 47.77+2.11° 0.000

Values bearing different superscript at the same row shows significant (P<0.05).
CTL: Control, S-MO: feeds supplemented with 250 ppm Sapindus rarak powder, A-MO: 250 ppm Garlic powder, AS-MO:
combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral

Table 4. Effect of herbal supplementation on rumen protozoa and bacteria populations (log CFU/ml

rumen fluid)

ltems CcTL 5-MO A-MO AS-MO P
Protozoa (log CFU) 7.09+0.235° 6.79+0.064° 6.730.090° 6.62+0.063" 0.001
Bacteria (log CFU) 8.93+0.521° 8.88+0.624° 7.947+0.717° 8.45£0.212° 0.045

Values bearing different superscript at the same row shows significant (P<0.05).
CTL: Control, S-MO: feeds supplemented with 250 ppm Sapindus rarak powder, A-MO: 250 ppm Garlic powder, AS-MO:
combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral

Table 5. Effect of herbal supplementation on daily gain and feed efficiency

CTL S-MO A-MO AS-MO p
Initial body weight (kg)  275.02+14.73 297.33+24.17 316.33+21.13 320.67+5.69
Final body weight (kg)  343.40+4.62 365.13+29.51 406.93+18.01 408.87+6.00
Daily gain (kg) 1.14+0.06° 1.13+0.02° 1.51+0.04° 1.47+0.04°  0.000
Feed efficiency (%) 13.43+1.67° 11.400.70° 15.06£0.17" 14.3240.25°  0.003

Values bearing different superscript at the same row shows significant (P<0.05).

CTL: Control, S-MO: feeds supplemented with 250 ppm Sapindus rarak powder, A-MO: 250 ppm Garlic powder, AS-MO:
combination of 250 ppm garlic-Sapindus rarak enriched with Cr and Zn mineral

Kongmun et al. (2011) reported that 11.39% and increased body weight gain by
supplementation with garlic powder in swamp 30.70% compared to the control diet. The
buffalo diet did not affect body weight addition of 250 ppm garlic powder plus 1.5
gain.The results of this study also showed that ppm Cr and 40 ppm Zn in beef cattle feed

supplementation of garlic and garlic produced cheaper feed for every kg of body
combination with Sapindus rarak enriched with weight gain. This condition occurred allegedly
organic minerals improved feed efficiency by because of increased nutrient utilization or
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increased glucose metabolism (Yan et al. 2010).
Another emphirical study provided information
to an increase in body weight gain of calves fed
garlic xtract (Ghosh et al., 2011). Wanapat et al.
(2013) stated that a combination of peppermint
with garlic powder as rumen additives showed
no negative effect on ruminal fermentation
charactericticss and nutrient utilizations.

Conclusion

Supplementation of garlic and combination
of garlic with Sapindus rarak enriched with
organic minerals (Cr and Zn) in beef cattle feed
was able to improve the performance of rumen
fermentation, feed efficiency and daily body
weight gain.

References

Anassori E, B Dalir-Naghadeh, B Pirmohammadi, A
Taghizadeh, S Asri-Rezaei, S Farahmand-Azar , M
Besharati and M Tahmoozi. 2012. In vitro
assesment of digestibility of forage based sheep
diet, supplemented with raw garlic, garlic oil and
monensin. Vet. Res. Forum. 3:5-11.

AOAC (Association of Official Analytical Chemists).
2000. Official methods of analysis. 17th ed.
AOAC. Arlington,VA.

Behlke EJ. 2007. Attenuation of ruminal
methanogenesis. Theses and Dissertation in
Animal Science Departement. University of
Nebraska, Lincoln.

Bodas R, S Lopez, M Fernandez, R Garcia-Gonzales,
RJ Walace and JS Gonzalez. 2009. Phytogenic

additives to decrease in vitro ruminal
methanogenesis. Options Mediterraneennes.
85:279-283.

Bunglawan SJ, C Valli, M Ramachandran and V
Balakrishnan. 2010. Effect of supplementation of
herbal extracts on metahogenesis in ruminants.
Livestock Res. Rur. Dev. 22(11). http://
www.lrrd.org22/11/bung22216.htm.

Eugene M, H Archimede, B Michalet-Doreau and G
Fonty. 2004. Effect of defaunation on microbial
activities in the rumen of rams consuming a
mixed diet (fresh Digitaria decumbens grass and
concentrate). Anim. Res.53:187-200.

Frankic T,M Voljc, J Salobir and V Rezar. 2009. Use
of herbs and speces and their extracts in animal
nutrition. Acta argiculturae Slovenica. 94:95-102.

93

Ghosh S, RK Mehla, SK Sirohi and SK Tomar. 2011.
Performance of crossbred calves with dietary
supplementation of garlic extract. J. Animal
Physiology and Animal Nutrition. 95:449-455.

Goel G, HPS Makkar and K Becker. 2008. Changes in
microbial community structure, methanogenesis,
and rumen fermentation in response to saponin-
rich fraction from different plant materials. J.
Applied Microbiology, 105:770-777.

Gomez C and M Fernandez. 2009. Methane
emissions from enteric fermentation of
representative dairies in Perus Nutritional
strategies to reduce the emissions. Synopses.
Sustainable improvement of animal production
and health. FAO/IAEA International Symposium.
Vienna, Austria.

Guan H, KM Wittenberg, KH Ominski and DO Krause.
2006. Efficacy of ionophore in cattle diets for
mitigation of enteric methane. J. Anim Sci.
84:1896-1906.

Hart KJ, SE Girwood, S Taylor, DR Yanez-Ruiz and CJ
Newbold. 2006. Effect of allicin on fermentation
and microbial populations in the rumen
simulating fermentor Rusitec. Reproduction
Nutrition Development 46 (supplement 1):97-
115.

Hess HD, M Kreuzer, TE Diaz, CE Lascano, JE Carulla,
CR Soliva and A Machmuller. 2003. Saponin rich
tropical  fruits affect fermentation and
methanogenesis in faunated and defaunated
rumen fluid. Anim. Feed Sci. Tech. 109:79-94.

Hobson PN.1997. The Rumen Microbial Ecosystem.
C.S.Stewrt (Ed.) Blackie, London.

Igbal MF, MM Hashim, N Ulah, Wei-Yun Zhu and
Yan-Fen Cheng. 2009. Molecular identification of
methanogenic archea and current approaches to
alter the ruminal microbal ecosystem for
methane mitigation. Pakistan J Zoo. Suppl. Ser.
9:551-557.

Kongmun P, M Wanapat, P Pakdee, C Navanukraw
and Z Yu. 2011. Manipulation of rumen
fermentation and ecology of swamp buffalo by
coconut oil and garlic powder supplementation.
Livestock Sci. 135:84-92.

Khalesizadeh A, A Vakili, MD Mesgaran and R
Valizadeh. 2011. The Effect of garlic oil (Allium
sativa), Turmeric powder (Curcuma longa Linn)
and Monensin on Total Apparent Digestibility of
Nutrients in Balloochi Lambs. World Academy of
Science, Engineering and Technology. 59:2065.

Lila ZA, N Mohammed, S Kanda, M Kurihara and H
Itabashi. 2005. Sarsaponin effects on ruminal
fermentation and microbes, methane
production, digestibility and blood metabolites in
steers. Asian-Aust. J. Anim. Sci. 12:1746-1751.



Prayitno CH et al./Animal Production 16(2):88-94, May 2014

Miller TL. 1995. Ecology of methane production and
hydrogen sinks in the rumen. In: Engenhardt,
M.V., S. Leonard-Marek, G. Breves, and D.
Giescke (Eds.), Ruminant Physiology: Digestion,
Metabolism, Growth and Reproduction.
Ferdinand Enke Verlag, Stuttgart. p. 317-331.

Newbold CJ, B Lassalas and JP Jouany. 1995. The
importance of methanogens associated with
ciliate protozoa in ruminal methane production
in vitro. Letters in Applied Microbiology. 4:230-
234,

National Research Council (NRC). 1988. Nutrient
Requirement of Beef Cattle. National Academy
Press, Washington DC.

Patra AK, DN Kamra and N Agarwal. 2006. Effect of
plant extracts on in vitro methanogenesis
enzyme activities and fermentation of feed in
rumen liquor of buffalo. Anim Feed Sci. and Tech.
128:276-291.

Patra AK and J Saxena. 2010. A new perspective on
the use of plant secondary metabolites to inhbit
metahnogenesis in the rumen. Phytochemistry.
71:1198-1222.

Prayitno CH, Y Subagyo and Suwarno. 2013. Effect of
Sapindus rarak Extract alone or Its combination
with garlic extract on in vitro ruminal
fermentation. Media Peternakan. 36:52-57.

Prayitno CH and N Hidayat. 2013. The Efficacy of
methanol extract of Garlic (Allium sativum) to
improve rumen fermentation products. J. Animal
Production. 15(1):69-75.

Sahakim AS, Sam-Ryong Jee and M Pimentel. 2009.
Methane and the Gastrointestinal Tract.
Review. Dig Dis Sci. Springer.

Sarah EH, GW Andre-Denis and BW McBride. 2010.
Methanogens: Methane producers of the rumen

94

and mitigation strategies. Archaea. ID. 945785,
11p. Hindawi Publ. Corp.

Sirohi SH, N Pandey, N Goel, B Singh, M Mohini, P
Pandey and PP Chaudhry. 2009. Microbial
activity and ruminal methanogenesis as affected
by plant secondary metabolites in different plant
extracts. International J. Civil and Enviromental
Enginering. 1:52-58.

Suharti S, DA Astuti and E Wina. 2008. Digestibility
of nutrients and performance of beef cattle
production Peranakan Ongole (PO) are given
flour Lerak (Sapindus rarak) in the ration. JITV.
14:200-207.

Suharti S, A Kurniawati, DA Astuti and E Wina. 2010.
Microbial population and fermention
charactersitic in response to Sapindus rarak
mineral block supplementation. Media
Peternakan. 30:150-154.

Szumacher-Strabel M and A Cieslak. 2010. Potential
of phytofactors to mitigate rumen ammonia and
methane production. J. Anim. Feed Sci. 19:319-
337.

Wanapat M, P Khejornsart, P Pakdee and S
Wanapat. 2008. Effect of supplementation of
garlic powder on rumen ecology and digestibility
of nutrients in ruminants. J. Sci. Food Agric.
88:2231-2237.

Wanapat M, S Kang, P Khejornsart and S Wanapat.
2013. Effect of plant herb supplementation on
rumen fermentation and nutrient digestibility in
beef cattle. Asian Austral. J. Anim. Sci. 26:1127-
1135.

Yan X, F Zhang, D Li, X Zhu and Z Jia. 2010. Effects of
chromium on energy metabolism in lambs fed
with different dietary protein levels. Asian-Aust.
J. Anim. Sci. 23:205-212.



