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17.5%. Antiprotozoal effect of SRE and GE were con-
firmed in the present study. One possible mechanism to
explain the inhibitory effect on protozoal growth is the
change in the cell membrane permeability, as they form
complexes with cholesterol in protozoal cell membranes
and cause cell lysis (Hess et al., 2003). The structure
and mechanism of action of garlic extract and its main
active components on rumen microbial fermentaion are
different from other compounds. Busquet et al. (2005)
suggested that the antimethanogenic effect of garlic and
its active components was the result of direct inhibition
of Archaea microorganisms in the rumen. Archaea have
unique membrane lipids that contain glycerol linked to
long chain isoprenoid alcohols essential for the stability
of the cell membrane (Kongmun ef al., 2010). Goel et al.
(2008) reported that Sesbania saponins decreased metha-
nogen population by 78% and increased Fibrobacter
succinogenes (21%-45%) and Ruminococcus flavefaciens
(23%-40%). Pen et al. (2006), observed that the inclusion
of Quillaja saponaria extraxt (QSE) resulted in decrease in
protozoal population by 41%, but there was no effect on
methane production. The other study informed the re-
duction of methanogens number by reduction of proto-
zoa, as 10%-20% of total methanonogens reside in close
assosiation with protozoa (Kumar et al., 2009). Ranilla et
al. (2007) who conducted a study on the sheep rumen in
vitro informed that the absence of ruminal protozoa in
the rumen ecosystem decreased feed digestibility and
methane proportion.

CONCLUSION

The supplementation of 1.8 g S. rarak extract and
0.25 ppm garlic extract per kilogram ration represents
the best combination for dairy cattle feed containing
adeguate Cr, Se, and Zn minerals to improve ruminal
fermentation based on feed digestibility, fermentation
products, and rumen bacterial population.

ACKNOWLEDGMENT

Appreciations are forwarded to Jenderal Soedirman
University (UNSOED) for funding this study via con-
tract number :435/UN23/PN.01.00/2012.

REFERENCES

Bateman II, H. G., C. C. Williams, D. T. Gantt, Y. H. Chung,
A. E. Beem, C. C. Stanley, G. E. Gooddier, P. G. Hoyt,
J. D. Ward, & L. D. Bunting. 2004. Effect of zinc and so-
dium monensin on ruminal degradation of Lysine-HCl
and liquid 2-hydroxy-4-methylthiobutanoic acid. J. Dairy
Sci.  87:2571-2577.  http://dx.doi.org/10.3168/jds.S0022-
0302(04)73382-2

Benchaar, C., T. A. MacAllister, & P. Y. Chouinard. 2008. Di-
gestion, ruminal fermentation, ciliate protozoal popula-
tions, and milk production from dairy cow fed cinnamal-
dehyde, quebracho condensed tannin or Yucca schidigera
saponin extracts. J. Dairy Sci. 91:4777:4786. http://dx.doi.
org/10.3168/jds.2008-1338

Busquet, M., S. Calsamiglia, A. Ferret, & C. Kamel. 2005. Ef-
fects of cinnamaldehyde, garlic oil on ruminal microbial
fermentation in a dual flow continuous culture. J. Dairy
Sci.  88:2508-2516.  http://dx.doi.org/10.3168/jds.S0022-

56  April 2013

SUPPLEMENTATION OF SAPINDUS RARAK

0302(05)72928-3

Busquet, M., S. Calsamiglia, A. Ferret, & C. Kamel. 2006. Plant
extracts effect in vitro rumen microbial fermentation. J.
Dairy Sci. 89:761-771. http://dx.doi.org/10.3168/jds.S0022-
0302(06)72137-3

Calsamiglia, S., L. Castillejos, & M. Busquet. 2006. Alterna-
tives to antimicrobial growth promoters in cattle. In: Gar-
rnsworthy, P. C. & J. Wiseman (Eds). Recent advances in
animal nutrition. Nottingham University Press, Notting-
ham, UK.

Calsamiglia, S., M. Busquet, P. W. Cardozo, L. Castillejos, &
A. Ferret. 2007. Invited review: Essential oil as modifiers of
rumen microbial fermentation. J. Dairy Sci. 90: 2580-2595.
http://dx.doi.org/10.3168/jds.2006-644

Cope, C. M., A. M. Mackenzie, D. Wilde, & L. A. Sinclair. 2009.
Effect of level and form of dietary zinc on dairy cow perfor-
mance and heath. J. Dairy Sci. 92:2128-2135. http://dx.doi.
org/10.3168/jds.2008-1232

Cortinhas, C. S., B. G. Botaro, M. C. A. Sucupira, F. P. Ren-
no, & M. V. Santos. 2010. Antioxidant enzymes and so-
matic cell count in dairy cows fed with organic source
of zinc, copper, and selenium. Livestock Sci. 127:84-87.
http://dx.doi.org/10.1016/j.1ivsci.2009.09.001

Gerard-Champod, M., S. Blanquet-Diot, L. Mazuranok, &
M. Alric. 2009. Enumeration of some cultivable bacte-
rial groups and characterization of some abiotic variables
in the jejunoileal content of Prim’Holstein veal calves. J.
Anim. Sci. 87:1664-1675. http://dx.doi.org/10.2527/jas.2008-
1564

Goel, G., H. P. S. Makkar, & K. Becker. 2008. Changes in mi-
crobial community structure, methanogenesis and rumen
fermentation in response to saponin-rich fractions from
different plant materials. J. Appl. Microbiol. 105:770-777.
http://dx.doi.org/10.1111/j.1365-2672.2008.03818.x

Hess, H. D., M. Krezer, T. E. Diaz, C. E. Lascano, J. E. Carulla,
& A. Machmuller. 2003. Saponin rich tropical fruits affect
fermentation and methanogenesis in faunated and defau-
nated rumen fluid. Anim. Feed. Sci. Technol. 109:79-94.
http://dx.doi.org/10.1016/S0377-8401(03)00212-8

Jayanegara, A., A. S. Tjakradidjaja, & T. Sutardi. 2006. Fer-
mentability and in vitro digestibility of the ration agroin-
dustry waste supplemented with inorganic and organic
chromium. Med. Pet. 29:54-62.

Kebreab, E., K. Clarck, Wagner-Riddle, & J. France. 2006.
Methane and nitrous oxide emissions from Canadian
agriculture. A review. Can. J. Anim. Sci. 86:135-158.
http://dx.doi.org/10.4141/A05-010

Kongmun, P., M. Wanapat, P. Pakdee, & C. Navanukraw. 2010.
Effect of coconut oil and garlic powder on in vitro fer-
mentation using gas production technique. Livestock Sci.
127:38-44. http://dx.doi.org/10.1016/j.livsci.2009.08.008

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

Lila, Z. A., N. Mohammed, S. Kanda, T. Kamada, & H.
Itabashi. 2003. Effect of sarsaponin on ruminal fermenta-
tion with particular reference to methane production in vi-
tro. J. Dairy Sci. 86:3330-3336. http://dx.doi.org/10.3168/jds.
50022-0302(03)73935-6

Mainville, A. M., N. E. Odongo, W. J. Bettger, B. W. McBride,
& V. R. Osborne. 2009. Selenium uptake by ruminal mi-
croorganisms from organic and inorganic sources in
dairy cows. Can. J. Anim.Sci. 89:105-110. http://dx.doi.
org/10.4141/CJAS08031

Martin —Garcia, A.L., E. Molin a Alcaide, & M. P. Garcia-Pare-
ja. 2011. Effects of garlic compounds on the in vitro rumi-
nal fermentation promoted by diets based on alfalfa hay.



PRAYITNO ET AL.

In: Ranilla, M. J., M. D. Carro, H. Ben Salem, & P. Moran
d-Fehr (ed.). Challenging strategies to promote the sheep
and goat sector in the current global context. Options
Méditerranéennes: Série A. Séminaires Méditerranéens
99:115-119.

Moss, A. P., J. P. Jouany, & J. Newbold. 2000. Methane pro-
duction by ruminants: Its contribution to global warming.
Ann. Zootech.49:231-253.  http://dx.doi.org/10.1051/an-
imres:2000119

Ogimoto, K. & S. Imai. 1981. Atlas of Rumen Microbiology. Ja-
pan Science. Societes Press, Tokyo.

Panev, A., K. Hauptmanova, L. Pavlata, A. Pechova, J. Filipek,
& R. Dvorak. 2013. Effect of supplementation of various
selenium forms and doses on selected parameters of rumi-
nal fluid and blood in sheep. Czech ]. Anim.Sci. 58:37-46.

Pen, B., C. Sar, B. Mwenya, M. Kuwaki, R. Morikawa, & J.
Takahashi. 2006. Effect of Yucca schidigera and Quillaja
saponaria extracts on in vitro ruminal fermentation and
methane emission. Anim. Feed Sci. Tech. 129:175-186.
http://dx.doi.org/10.1016/j.anifeedsci.2006.01.002.

Prayitno, C. H. & T. Widiyastuti. 2010. Studies selenomethio-
nin, yeast chromium, and zinc proteinat on feed dairy
cows (Overview of in vitro). Proceedings of the National
Seminar: Agribusiness Livestock Development Perspec-
tive. Faculty of Animal Science, Jenderal Soedirman Uni-
versity, Purwokerto.

Ranilla, M. ], ]J. P. Jouny, & D. P. Morgawi. 2007. Methane
production and substrate degradation by rumen micro-
bial communities containing single protozoal species in
vitro. Letters in Appl. Microbiol. 45:675-680. http://dx.doi.
org/10.1111/j.1472-765X.2007.02251.x

Sadri, H., R. R. Ghorbani, H. R. Rahmani, A. H. Samie, M.
Khorvash, & R. M. Bruckmaier. 2009. Chromium supple-
mentation and substitution of barley grain with corn: Ef-
fects on performance and lactation in periparturient dairy
cows J. Dairy Sci. 92:5411-5418. http://dx.doi.org/10.3168/
jds.2008-1877

Santoso, B., B. Mwenya, C. Sar, Y. Gamo, T. Kobayashi, R.
Morikawa, & J. Takahashi. 2004. Effect of Yucca schidig-
era with or without nisin on ruminal fermentation and mi-
crobial protein synthesis in sheep fed silage and hay based
diets. Anim. Sci. ]. 75:525-531. http://dx.doi.org/10.1111/
j-1740-0929.2004.00223.x

Media Peternakan

Sirohi, S. K., N. Pandey, N. Goel, B. Singh, M. Mohini, P. Pan-
dey, & P. P. Chaudhry. 2009. Microbial activity and ru-
minal methanogenesis as affected by plant secondary me-
tabolites in different plant extracts. International Journal of
Civil and Enviromental Engineering 1:52-58.

Steel, R. G. D. & J. H. Torrie. 1995. Principles and Procedure
of Statistic. A Biometrical Approach. 2nd Ed. McGraw Hill
International Book Co., London.

Suharti, S., A. Kurniawati, D. A. Astuti, & E. Wina. 2010.
Microbial population and fermentaion characteristic in
response to Sapindus rarak mineral block supplementa-
tion. Med. Pet. 33:150-154. http://dx.doi.org/10.5398/med-
pet.2010.33.3.150

Tassaoul, M. D. & R. D. Shaver. 2009. Effect of mixture of sup-
plemental dietary plant essential oils on performance of
periparturient and early lactation dairy cows. J. Dairy Sci.
92:1734-1740. http://dx.doi.org/10.3168/jds.2008-1760

Tatsuoka, N., K. Hara, K. Mikuni, K. Hara, H. Hashimoto, & H.
Itabashi. 2008. Effect of the essential oil cyclodextrin com-
plexes on ruminal methane production in vitro. Japanese
Soc. Anim. Sci. 79:68-75. http://dx.doi.org/10.1111/j.1740-
0929.2007.00499.x

Tilley, J. M. A. & R. A. Terry. 1963. A two stage technique for the
in vitro digestion of forage. J. British Grassland Soc.18:104-
111. http://dx.doi.org/10.1111/j.1365-2494.1963.tb00335.x

Weiss, W. P. & J. S. Hogan. 2005. Effect of selenium source on
selenium status, neutrophil function, and response to in-
tramammary endotoxin challenge of dairy cows. J. Dairy
Sci. 88: 4366-4374. http://dx.doi.org/10.3168/jds.S0022-
0302(05)73123-4

Wina, E., S. Muetzel, H. P. S. Makkar, & K. Becker. 2005. Sapo-
nins containing methanol extract of Sapindus rarak affect
microbial fermentation, microbial activity and microbial
community structure in vitro. Anim. Feed Sci. Technol.
121:159-174. http://dx.doi.org/10.1016/j.anifeedsci.2005.02
016

Wolin, M. J. & T. L. Miller. 1988. Microbe-microbe interactions.
In: Hobson PN (ed). The Rumen Microbial Ecosystem.
Elsevier Applied Science, London and New York. pp. 343-
359.

Yang, W. Z,, C. Benchaar, B. N. Arnetaj, A. V. Chaves, M. L.
He, & T. A. McAllister. 2007. Effects of garlic and junifer
berry essential oils on ruminal fermentation and on the
site and extend of digestion in lactating cows. J. Dairy Sci.
90:5671:5681. http://dx.doi.org/10.3168/jds.2007-0369

April 2013 57



Media Peternakan, April 2013, pp. 58-63 Online version:
ISSN 0126-0472 EISSN 2087-4634 http://medpet.journal.ipb.ac.id/

Accredited by DGHE No: 66b/DIKTI/Kep/2011 DOI: 10.5398/medpet.2013.36.1.58

Nutritive Value of Coffee Husk Fermented with Pleurotus ostreatus as
Ruminant Feed

I. Badarina**, D. Evvyernie®, T. Toharmat®, E. N. Herliyana¢, & L. K. Darusman*
“Major Program of Animal Nutrition and Feed Science, Graduate School, Bogor Agricultural University
*Department of Nutrition and Feed Technology, Faculty of Animal Science, Bogor Agricultural University
‘Department of Silviculture, Faculty of Forestry, Bogor Agriculture University
YDepartement of Chemistry, Faculty of Mathematics and Natural Science, Bogor Agriculture University
JIn. Agatis Kampus IPB Darmaga, Bogor 16680, Indonesia
(Received 31-10-2012; Reviewed 07-01-2013; Accepted 04-03-2013)

ABSTRACT

Coffee husks is an abundant crop residue but the content of anti nutritional substances such as
caffeine, tannin, and lignin limit its utilization as feed ingredients. Higher fungi such as Pleurotus os-
treatus have the ability to biotransform lignocellulosic materials through their extracellular enzyme
activities. This study was carried out to assess the effect of solid state fermentation by using P. ostrea-
tus on nutrient composition of coffee husk and to evaluate its potency as ruminant feed in vitro. The
in vitro experiment was conducted to determine fermentability of treated coffee husk. The usage rate
of fermented coffee husk was mimicked feeding level to mid lactation dairy cows; 0%, 10%, 20%, 30%,
and 40% (RO to R4). Fermentation of coffee husk by P. ostreatus increased its protein, from 10.36% to
12.14%, and cellulose, from 19.51% to 24.80%, and decreased its lignin, from 65.42% to 45.04%, tannin
from 1.02% to 0.18%, and caffeine, from 1.39% to 0.20%, concentrations. There were no differences
in ruminal pH and N-ammonia production but volatile fatty acid production and dry matter digest-
ibility decreased as the fermented coffee husk level increased. The ruminal protozoa population in
fermented coffee husk diets was lower than the control diets (P<0.05). In conclusion, it is possible to
use 20% of fermented coffee husk in the ration.

Key words: coffee husk, Pleurotus ostreatus, nutritive value, ruminant feed
ABSTRAK

Kulit buah kopi merupakan suatu limbah pertanian yang cukup banyak ketersediaannya, tetapi
bahan-bahan anti nutrisi yang dikandungnya seperti kafein, tannin dan lignin membatasi penggu-
naannya sebagai bahan pakan. Jamur kelas tinggi seperti Pleurotus ostreatus memiliki kemampuan
untuk mengubah secara biologis bahan-bahan lignoselulosa melalui aktivitas enzim ekstraseluler
yang dihasilkannya. Penelitian ini bertujuan untuk mengevaluasi komposisi nutrisi kulit buah kopi
yang difermentasi dengan P. ostreatus dan potensi kulit buah kopi hasil fermentasi sebagai bahan
pakan ruminansia secara in vitro. Percobaan pemberian pakan in vitro bertujuan untuk menentu-
kan fermentabilitas kulit buah kopi yang telah difermentasi. Tingkat penggunaan kulit buah kopi
yang telah difermentasi disusun untuk memenuhi kebutuhan nutrisi sapi perah yang berada pada
fase laktasi pertengahan; 0%, 10%, 20%, 30% dan 40% (RO sampai R4). Hasil penelitian menunjuk-
kan bahwa terdapat peningkatan kadar protein dari 10,36% menjadi 12,14% dan kadar selulosa dari
19,51% menjadi 24,80%, dan penurunan kandungan lignin dari 65,42% menjadi 45,04%, tanin dari
1,02% menjadi 0,18%, dan kafein dari 1,39% menjadi 0,20%. Tidak terdapat perbedaan dalam pH ru-
men dan produksi N-amonia tetapi produksi volatile fatty acid (VFA) dan kecernaan bahan kering
menurun seiring dengan meningkatnya level kulit buah kopi fermentasi. Jumlah populasi protozoa
dalam ransum yang mengandung kulit buah kopi fermentasi menurun dibandingkan ransum kon-
trol (P<0,05). Dapat disimpulkan bahwa pemanfaatan kulit buah kopi hasil fermentasi sampai 20%
memungkinkan untuk diterapkan.

Kata kunci: kulit buah kopi, Pleurotus ostreatus, kualitas nutrisi, pakan ruminan
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INTRODUCTION

Coffee is an agricultural crop of significant econo-
mic importance in Indonesia. The coffee fruits are gene-
rally processed through the dry method and a little part
processed through the wet method, both yielding by
product (coffee husk and coffee hull). At present, large
quantities of by-products are accumulated at production
site. Traditionally, they are removed to be burned or
end up in the river and small amount returned into the
field as fertilizer. Therefore, this has led the problem of
environment pollution.

Coffee husk is obtained after drying and de-hulling
coffee fruits in dry process method. Coffee husks are
available in large quantities, accounting for about 21.5%
from total weight of the coffee fruits (Muryanto et al.,
2005). Coffee husks are barely utilized in animal nutri-
tion because of anti-nutrient substances such as caffeine,
tannins, lignin and other polyphenols (Orozco et al.,
2008). The presence of tannins and caffeine diminish ac-
ceptability and palatability of coffee husk by the animal
(Mazzafera, 2002).

The coffee husk has potency as a source of ruminant
feed. The protein content is 9.2%-11.3% (Fan & Soccol,
2005). Its cell wall fractions can be utilized by ruminant
as a source of energy (Russel et al., 2009). However
high lignin content limits digestibility of cellulose and
hemicellulose.

Application of biotechnology is worth considering
for the improvement of nutritional value of crop resi-
dues. Coffee husk is rich organic content, and is a suit-
able substrate for fermentation processes. Higher fungi
or mushrooms have the ability to biotransformed fibrous
agro-residues into value added product through their
extracellular enzymes activities. P. ostreatus is one of the
popular cultivated mushroom. It can be cultivated on a
wide range of lignocellulosic substrates such as wheat
straw, sugar cane bagasse and cocoa husk (Fazaeli et al.,
2004; Okano et al., 2007; Alemawor, 2009). P. ostreatus be-
longs to white rot fungi which are able to degrade lignin
because produce ligninolytic extracellular enzymes, such
as laccase, lignin peroxidase and Mn peroxidase (Mayer
& Staples, 2002; Periasamy & Natarajan, 2004).

The ability of P. ostreatus degrades a wide variety of
lignocellulosic substrates, enabling it to play an impor-
tant role in managing organic wastes whose disposal is
problematic. Pleurotus species have been used by human
for their nutritional value, medicinal properties, trans-
formation of wastes into animal feed and other beneficial
effects (Gregori et al., 2007; Ljeh et al. 2009; Darwish et al.,
2012). This study was carried out to determine the effect
of a solid state fermentation involving P. ostreatus on
nutrition composition and nutritive value of coffee husk.

MATERIALS AND METHODS

Coffee husks were obtained from coffee hulling
plant at Rejang Lebong Residence Bengkulu Province,
one of the major coffee producers in Sumatera Island.
Coffee husks were air-dried to moisture content of 10%-
15% and then fermented with P. ostreatus. The solid-state
fermentation trials were carried out on a laboratory
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scale. The solid state substrate was prepared with the
composition adopted from sawdust standard substrate
(Herliyana et al., 2008). The substrate were consisted of
82.5% coffee husk, 15% rice bran, 1.5% gips, and 1.0%
CaCO,. The clean water was added to the substrate as
much as 65%-70% (v/w). These components were com-
posted for 24 h and then were placed in polypropylene
bag in amount 400 g per bag. Each bag was closed with
a small cotton plug inserted in the middle of its opening.
The bags were sterilized at 121 °C for 30 min. Each bag
was seeded with #15 g (3.75%) of P. ostreatus spawn. All
spawned bags were placed in a growing room with the
temperature of 22-28 °C and relative humidity of 60%-
80% for a 60-d incubation period.

The fully colonized substrate or bag logs were
opened and prepared for analysis. The substrate was
dried in an oven at 60 °C for 2 d and then ground. The
non fermented coffee husk and the fermented coffee
husk were sampled for nutrient composition accord-
ing to proximate analysis. The cell wall fractionations
(neutral detergent fiber/NDF, acid detergent fiber/ADF,
lignin, cellulose, and hemicellulose) were carried out
according to the method as described by Goering &
Van Soest (1970). Tannin was determined using Folin
Ciocalteau (Harborne, 1987). Caffeine was analyzed ac-
cording to AOAC Official Method (2005).

The fermentation characteristics (ruminal pH, NH.-
N and volatile fatty acid/ VFA concentration), the rumen
protozoa population, and in vitro digestibility were
analyzed to evaluate its nutritive value. The ruminal pH
was measured using pH-meter. Ammonia-N concentra-
tion analyzed by Conway microdifusion method. VFA
were analyzed by steam distilation method. In wvitro
digestibility was evaluated according to Tilley & Terry
method (1963).

The rumen protozoa population measurement
was done on counting chamber. As much as 0.5 ml
rumen solution was fixed with 0.5 ml saline solution
(Methylgreen Formaline Saline/MFS) in tubes and well
mixed (Ogimoto & Imai, 1981). The sample as much
as 0.1 ml of was dripped by the pipette on counting
chamber (hemacytometer) and covered with covered
glass. The protozoa were counted on the counter under
a microscope using 40x magnification. From the num-
ber of protozoa obtained from the counting procedure
above, the number per 1 mL of rumen contents can be
calculated by following formula:

Protozoa population/mL=(1/0.1 x 0.065 x 5x 16) x nx d

where: n=number of protozoa on the counting chamber
d= diluted multiple of the sample.

Up to 40% of fermented coffee husk with 10%-incre-
ment were tested (Table 1). Dietary samples were formu-
lated as diets recommended for midlactation dairy cows
(TDN <68% and crude protein 11%-13%) (NRC, 2001).
A randomized block design was used to allocate three
rumen fluids as block, five dietary samples composed of
different fermented coffee husk levels in two replicates.
Incubation was conducted for 48 h for NH,-N and VFA
analysis, while 48 h incubation for dry matter digestibil-
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Table 1. Ingredients, composition, and nutrient contents of diets

(%)
Ingredients RO R1 R2 R3 R4
Elephant grass 60 50 40 30 20
Fermented 0 10 20 30 40
coffee husk
Coconut meal 5 0 0 0 0
Cassava waste 15 13 12 12 10
Pollard 5 8 8 8 10
Soybean meal 6 6 5 5 5
Rice bran 8 12 13 14 14
Lime stone 1 1 1 1 1
Crude protein 13.32 13.23 13.03 13.06 13.42
TDN 61.00 61.70 62.84 64.24 65.46

Notes: The level of fermented coffee husk in the diet: RO (0%/control), R1
(10%), R2 (20%), R3 (30%), R4 (40%).

ity evaluation. Data were subjected to one-way analyses
of variance (Steel & Torrie, 2003).

RESULTS AND DISCUSSION
The Nutrient Composition

The changes in nutrient composition during the P.
ostreatus mycelia growth period are shown in Table 2.
There were decreases in fiber fraction (lignin, NDF, and
ADF) upon biofermentation (16.60%, 15.00% and 31.20%
decreases in NDF, ADF, and lignin respectively as com-
pared to non fermented ones).

The cellulose, hemicelluloses, and lignin are the
main sources of carbon and energy for P. ostreatus
growth, while protein serves as the N source. The de-
crease in fiber fraction results from cell wall degradation
ability of P. ostreatus. Similar reduction in NDF and ADF
contents of fungi treated coffee by product has also been
reported by Penaloza et al. (1985).

Table 2. Changes of nutrien contents of coffee husk substrate
fermented by Pleurotus ostreatus before and after fer-
mentation (as % dry matter)

Nutrient 0 day (Before After %
component fermentation) fermentation = Changes
Organic matter 93.71 86.6 -7.59
Crude protein 10.36 12.14 17.2
Neutral deter- 95.18 79.08 -16.6
gent fiber

Acid detergent 87.18 74.08 -15
fiber

Hemicellulose 7.99 5.32 -33.41
Cellulose 19.51 24.8 27.11
Lignin 65.42 45.04 -31.12
Tannin 1.02 0.18 -82.35
Caffeine 1.39 0.2 -85.61
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Decreased lignin content upon fungi treatment is
important for ruminant nutrition. Pleurotus spp. releases
ligninolytic enzyme that degrade lignin (Fan ef al., 2008;
Widiastuti ef al., 2008). Platt & Hadar (1983) noted that
during the mycelia growth period, P. ostreatus mycelia
were more capable to degrade lignin, and the degra-
dation of lignin played an important role in myecelia
development.

The decrease of lignin concentration in this research
(31.20%) was lower than rice straw and wheat straw
fermented by P. ostreatus that were 46.18% for rice straw
(Jafari et al., 2007) and 53.76% for wheat straw (Patil et
al., 2010). This condition showed that there were differ-
ence of ligninolitic charateristics among substrate which
might be caused by the difference substrate form and the
initial lignin concentration. The initial lignin concentra-
tion of rice straw (9.55%) and wheat straw (24.18%) were
lower than coffee husk (65.42%).

Upon fermentation the rate of decrease in hemicel-
lulose concentration (-33.42%) may suggest that hemicel-
lulose is more easily degraded than cellulose and lignin.
Hemicellulose is more easily degraded than cellulose
and lignin (Perez et al., 2002). P. ostreatus needs a carbon
source which is easier to metabolize. Hemicellulose deg-
radation is required before efficient lignin removal can
commence (Sanchez, 2009).

The cellulose content increased 27.11%. Biofermen-
tation broke the lignocelluloses bond and gained cel-
lulose. Delignification has important role in mycelia
growth which cleavage polysaccharide component (cel-
lulose and hemicellulose). This component is utilized by
fungi as substrate for their growth (Baldrian & Gabriel,
2003).

The protein content increased to 17.20% after fer-
mentation. This increase in protein content could be at-
tributed to possible formed fungal biomass. Fungal cell
in mycelia contributed the protein content of substrate.
Sixty and 70% of N present in the fungal cell is protein
(Chang & Miles, 2004). The higher protein content in
the substrate was prepared to transferable nitrogen into
fruit bodies of mushroom. The extensive formation of
primordia indicated the end of the vegetative growth
phase of P. ostreatus. As coffee husks substrate was
degraded and its nutrient used by P. ostreatus, the total
organic matter of substrate decreased (Table 2).

The content of caffeine and tannin are of interest in
terms of the potential use of coffee husk as animal feed.
Tannin adversely affects feed digestibility and N utiliza-
tion by the animals (Makkar, 2003). The caffeine concen-
tration was reduced to 85.61% and to 82.35% for tannin
after fermentation (Table 2). It means that Pleurotus was
capable of degrading phenolic compound present in
the coffee husk. The reduction of tannin in this study
(82.35%) was also supported by Fan et al. (2006) who
reported that there was decrease in tannin as much as
79.1% in coffee husk after cultivation

The tannin degrading ability of Pleurotus on coffee
husk (82.35%) was better than other edible mushrooom
Flammulina velutipes that was decrease 20.4% (Fan et
al., 2001). This variation was affected by the fungi used
might be attributed to strain differences, length of fer-
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Table 3. The ruminal pH, N-NH,, VFA, protozoa number, and dry matter digestibility produced from diets supplemented with bio-

conversion product

Parameter RO R1 R2 R3 R4

pH 6.95+ 0.01 6.91+ 0.07 7.05+ 0.03 7.06+ 0.15 6.99+ 0.061
VEFA (mmol/L) 158.30+31.7° 125.00+16.4° 121.20+11.0° 117.70+12.9° 107.50+13.0°

N-ammonia (mM) 12.94+ 4.80 11.84+ 5.90 12.14+ 5.94 13.41+ 5.80 12.23+ 7.35

Protozoa, cell/mL (Log10) 6.45+ 0.10° 4.95+ 0.22° 4.76+ 0.00° 4.89+ 0.06° 5.00+ 0.23°
Dry matter digestibility (%) 66.80+ 1.57° 59.19+ 2.35° 56.22+ 1.89° 52.21+ 0.53¢ 47.51+ 0.38¢

Notes: Means in the same row with different superscript differ significantly (P<0.05). Level of fermented coffee husk in the diet: RO (0%/control), R1

(10%), R2 (20%), R3 (30%), R4 (40%).

mentation, and the physiological behaviour difference
(Akinfemi & Ogunwale, 2012).

The reduction of caffeine and condensed tannin
in Pleurotus treated agreed with trends found by Rojas
et al. (2002) who used a microorganism as biological in-
oculants to treat the wet coffee pulp. Fan et al. (2006) also
reported the reduction of caffeine and tannin in coffee
husk after cultivation of Pleurotus. They also found that
coffee husk was an excellent substrate for mushroom
cultivation, especially P. ostreatus. Pleurotus species was
able to detox the coffee husk.

The increasing protein and cellulose contents and
the decreasing lignin and anti-nutritional substances
(tannin and caffeine) in the coffee husk after fermenta-
tion by P. ostreatus can increase its value as by-product
in ruminant nutrition.

In Vitro Fermentation

Table 3 shows the fermentability (ruminal pH, NH,-
N, and VFA production), ruminal protozoa population,
and dry matter (DM) digestibility of fermented coffee
husk. No statistically significant differences were ob-
served in ruminal pH (P>0.05). The mean ruminal pH in
this study were in normal range as Sung ef al. (2007) re-
ported that the ideal ruminal pH for keeping normal ru-
men metabolism was 6.0-7.0. Fiber digestion decreases
at low rumen pH, especially below pH 6.0.

Increasing fermented coffee husk up to 40% de-
creased total VFA concentration from 158.3 to 107.5
mmol L* (P<0.05). This was probably due to still high
lignin. The structural carbohydrate (cellulose and hemi-
cellulose) in fermented coffee husk which was used to
40% in the diets could not be degraded well by rumen
microbes. This result was also supported by Xu et al.
(2007) who reported that ruminal fluid from Holstein
steers or sheep receiving coffee ground had significantly
lower concentration of total VFA than those receiving no
coffee ground. No alteration in NH,-N level (11.84-13.81
mM) in response to increasing fermented coffee husk
level may indicate that inclusion fermented coffee husk
to 40% in diets does not interfere with ruminal protein
metabolism.

The ruminal protozoa population in control
diets was higher than the fermented coffee husk diets
(P<0.05). No statistically difference were observed in
ruminal protozoa among fermented coffee husk diets.

This condition indicated that the bioconversion product
contained antimicrobial compounds.

Macrofungi need antibacterial compounds to sur-
vive in their natural environment. Macrofungi produced
secondary metabolites, such as phenols, flavonoids,
tannin and terpenoids compounds which presented
antimicrobial activity (Lindequist et al., 2005; Patel ef al.,
2012). Macrofungi possessed the primary metabolites,
such as polysaccharides, oligosaccharides, protein, and
conjugated compounds such as glicoprotein, lipoprotein,
proteoglican that formed an integral part of the fungal
cell wall. These bioactive compound also exhibited
antimicrobial properties (Stamets, 2002; Iwalokun et al.,
2007; Chan et al., 2009).

The inclusion of fermented coffee husk in the diets
decreased the dry matter digestibility (P<0.05). The inclu-
sion more than 20% fermented coffee husk in the diets
had DM digestibility lower than 55%, the value of which
lower than the minimum recommended degradabil-
ity (55%) for poor quality tropical roughages (Preston &
Leng, 1987). This result was supported on other studies
with calves and dairy heifers which had drastic reduc-
tion of feed intake and lower nitrogen retention when
coffee pulp exceeded 20% in ration (Cabezas ef al., 1987).

CONCLUSION

The treatment of coffee husk with P. ostreatus
can increase protein and cellulose concentration, but
decrease lignin, tannin, and -caffeine concentration.
There are no differences in ruminal pH and N-ammonia
production. The fermented coffee husk diets decrease
the ruminal protozoa. Volatile fatty acid and dry matter
digestibility decreased as the level of fermented coffee
husk increased.

ACKNOWLEDGEMENT

This work was supported by research fund of
DP2M DIKTI through HIBAH BERSAING with research
agreement No: 256/h30.10/p1/2011, dated April 20, 2011.
We would like to thank Mrs. Dian Anggraeni and Miss.
Hana Marpaung for the assistance on this research.

REFERENCES

Akinfemi, A. & O. A. Ogunwale. 2012. Chemical composition
and in vitro digestibility of rice straw treated with Pleuro-

April 2013 61



Vol. 36 No. 1

tus ostreatus, Pleurotus pulmonarius and Pleurotus tuber-re-
gium. Slovak J. Anim. Sci. 45: 14-20.

Alemawor, F., V. P. Dzogbefia, E. O. K. Oddoye, & J. H. Old-
ham. 2009. Effect of Pleurotus ostreatus fermentation on
cocoa pod husk composition : influence of fermentation
period and Mn*" supplementation on the fermentation pro-
cess. Afr. ]. Biotechnol. 8: 1950-1958.

AOAC. 2005. Official Method of Analysis. 15" edition. Asso-
ciation of Official Analytical Chemist. Washington, DC.
USA.

Baldrian, P. & J. Gabriel. 2003. Lignocellulose degradation by
Pleurotus ostreatus in the presence of cadmium. FEMS Mi-
crobiology Letters 222:235-240. http://dx.doi.org/10.1016/
S0378-1097(03)00102-2

Cabezas, M. T., A. Flores, & J. I. Egana. 1987. Use of Coffee Pulp
in Ruminant Feeding. In: J. E. Brahan & R. Bressani (eds).
Coffee Pulp: Composition, Technology and Utilization. In-
stitute of Nutrition of Central America and Panama, Gua-
temala City.

Chan, G. C. F,, W. F. Chan, & D. M. Sze. 2009. The effect of {3-
glucan on human immune and cancer cells. ]. Hemotology
& Oncology. 2:1-11.

Chang, S. T. & P. G. Miles. 2004. Mushrooms: Cultivation, Nu-
tritional Value, Medicinal Effect and Environmental Im-
pact. CRC Press, Boca Raton.

Darwish, G. A. M. A,, A. A. Bakr, & M. M. F. Abdallah. 2012.
Nutritional value upgrading of maize stalk by using Pleu-
rotus ostreatus and Saccharomyces cerevisiae in solid state
fermentation. Ann. Agric. Sci. 57:47-51. http://dx.doi.
org/10.1016/j.a0as.2012.03.005.

Fan, L., A. Pandey, & C. R. Soccol. 2001. Production of Flam-
mulina velutipes on coffee husk and coffee spent-ground.
Brazilian Archives of Biology and Technology. 44:205-212.
http://dx.doi.org/10.1590/51516-89132001000200015

Fan, L., A.T. Soccol, A.Pandey, & C. R. Soccol. 2003. Cul-
tivation of Pleurotus mushrooms on Brazilian coffee husk
and effects of caffeine and tannic acid. Micologia Aplicada
International. 15: 15-21

Fan, L. & C. R. Soccol. 2005. Coffee residues. http://www.fun-
gifun.org/mushworld/shiitake-mush-room-cultivation/
mushroom-growers-handbooks2-mushworld-com-chap-
ter04-02-p.92.pdf [26 March 2010].

Fan, L., A. T. Soccol, A. Pandey, L. P. S. Vandenberghe, & C.
R. Soccol. 2006. Effect of caffeine and tannins on cultiva-
tion and fructification of Pleurotus on coffee husks. Bra-
zillian Journal of Microbiology. 37:420-424. http://dx.doi.
org/10.1590/51517-83822006000400003

Fan, L., R. C. Soccol, & R. Pandey. 2008. Current development
in SSF mushroom production. Springer, New York. Pp
253-274.

Fazaeli, H., H. Mahmodzadeh, A. Azizi, Z. A. Jelan, J. B. Li-
ang, Y. Rouzbehan, & A. Osman. 2004. Nutritive value of
wheat straw treated with Pleurotus fungi. Asian-Aust. J.
Anim. Sci. 17:1681-1688.

Goering, H. K. & P. J. Van Soest. 1970. Forage Fiber Analysis.
Agriculture Handbook No. 379. Agricultural Research Ser-
vice, USDA, Washington DC. p 20.

Gregori, A., M. Svagelj, & J. Pohleven. 2007. Cultivation tech-
nique and medicinal properties of Pleurotus spp. Review.
Food Technol. Biotechnol. 45:236-247.

Harborne, J. B. 1989. General procedures and measurement of
total phenolics. In: ].B. Harborne (Ed) Methods in Plant
Biochemistry. Volume I. Plant Phenolics. Academic Press,
London.

Herliyana, E. N., D. Nandika, Achmad, L. I. Sudirman, & A.
B. Witarto. 2008. Biodegradation of sengon-wood sawdust
substrate by Pleurotus group fungi from Bogor. ]. Tropical
Wood Science and Technology 6:75-84.

Ijeh, I. 1., A. I. Okwujiako, C. P. Nwosu, & H. I. Nnodim. 2009.

62 April 2013

NUTRITIVE VALUE OF COFFEE HUSK

Phytochemical composition of Pleurotus tuber regium and
effect of its dietary incorporation on body/organ weights
and serum triacylglycerols in albino mice. J. Med. Plant.
Res. 3:939-943.

Iwalokun, B. A., V. A. Usen, A. A. Otunba, & D.K. Olukoya.
2007. Comparative phytochemical evaluation, antimicro-
bial and antioxidant properties of Pleurotus ostreatus. Afri.
J. Biotechnol. 6: 1732-1739.

Jafari, M., A. Nikkhah, A. A. Sadeghi, & M. Chamani. 2007.
The effect of Pleurotus spp. fungi on chemical composition
and in vitro digestibility of rice straw. Pakistan ]. Biologi-
cal Sciences. 10: 2460-2464.

Lindequist, U., Niedermeyer, T. H. J. & Julich, W. D. 2005. The
Pharmacological potential of mushroom. Evidence-based
Complementary and Alternative 2(3); 285-299. http://
dx.doi.org/10.1093/ecam/neh107

Makkar, H. P. S. 2003. Effect and fate of tannins in ruminant
animals, adaptation to tannins, and strategies to over-
come detrimental effect of feeding tannin-rich feeds. Small
Rumin. Res. 49:241-256. http://dx.doi.org/10.1016/S0921-
4488(03)00142-1

Mayer, A. M. & R. C. Staples. 2002. Laccase: new functions for
an old enzyme. Phytochemistry 60:131-565. http://dx.doi.
0rg/10.1016/S0031-9422(02)00171-1

Mazzafera, P. 2002. Degradation of caffeine by microorganisms
and potential use of decaffeinated coffee husk and pulp in
animal feeding. Sci. Agric. (Piracicaba, Braz.) 59:815-821.
http://dx.doi.org/10.1590/50103-90162002000400030

Muryanto, U. Nuschati, D. Pramono, & T. Prasetyo. 2009. The
potency of coffee husk waste as poultry feed. http:// peter-
nakan.litbang.deptan.go.id/publikasi/lokakarya/lkugs06-
21.pdf. [26 March 2010].

NRC. 2001. Nutrient Requirement of Dairy Cattle. 7th revised
ed. National Academic Press, Washington DC.

Ogimoto, K. & S. Imai. 1981. Atlas of Rumen Microbiology. Ja-
pan Scientific Societies Press, Tokyo.

Okano, K., S. Fukui, R. Kitao, & T. Usagawa. 2007. Effect of
cultural length of Pleurotus eryngii grown on sugarcane
bagasse on in vitro digestibility and chemical composi-
tion. Anim. Feed. Sci. Technol. 136: 240-247. http://dx.doi.
org/10.1016/j.anifeedsci.2006.08.024

Orozco,A.L.,M.I.Perez, O. Guevara, J. Rodriguez., M. Hernan-
dez, & Gonzales-Vila. 2008. Biotechnology enhancemen-
tof coffee pulp residues by solid state fermentation with
streptomyces. Py-Gel MS analysis. J. Anal. Appl. Pyrolysis
81:247-252. http://dx.doi.org/10.1016/j.jaap.2007.12.002.

Patel, Y., R. Naraian, & V. K. Singh. 2012. Medicinal properties
of Pleurotus species (oyster mushroom): A Review. World
Journal of Fungal and Plant Biology 3: 01-12.

Patil, S. P., S. A. Ahmed, S. M. Telang, & M. M. V. Baig. 2010.
The nutritional value of Pleurotus ostreatus Kumm culti-
vated on different lignocellulosic agro-wastes. Innovative
Romanian Food Biotechnology. 7: 66-76

Penaloza, W., M. R. Molina, R. G. Brenes, & R. Bressani. 1985.
Solid state Fermentation: An alternative to improve the
nutririve value of coffee pulp. Appl. Environ. Microbiol.
49:388-393.

Perez, J., J. Munoz-Dorado. T. De la Rubia, & J. Martinez.
2002. Biodegradation and biological treatments of cellu-
lose, hemicellulose and lignin:an overview. Int. Microbiol
5: 53-63. http://dx.doi.org/10.1007/s10123-002-0062-3

Periasamy, K. & K. Natarajan. 2004. Role of lignocellulosic en-
zymes during basidiomata production by Pleurotus djamor
var roseas. Indian J. Biotechnol. 3: 577-583

Platt, M. W. & Y. Hadar. 1983. Increased degradation of lig-
nocellulose by Pleurotus. ]. Applied Microbiol. Biotechnol.
20:140-150. http://dx.doi.org/10.1007/BF00499867

Preston, T. R. & R. A. Leng. 1987. Matching Ruminant Produc-
tion System with Available Resources in The Tropics and



BADARINA ET AL.

Sub Tropics. Penambul Books, Armidale.

Rojas, U.J.B.,J. A.]. Verreth, J. H. Van Weerd, & E. A. Huisman.
2002. Effect of different chemical treatments on nutritional
and anti-nutritional properties of coffee pulp. Anim. Feed
Sci. Technol. 99: 195-204. http://dx.doi.org/10.1016/S0377-
8401(02)00050-0

Russel, J. B., R. E. Muck, & P. L. Weimer. 2009. Quantitative
analysis of cellulose degradation and growth of cellulolytic
bacteria in rumen. Minireview. FEMS Microbiol Ecol .67:
183-197. http://dx.doi.org/10.1111/j.1574-6941.2008.00633.x

Sanchez, C. 2009. Lignocellulosic residues. Biodegradation
and bioconversion by fungi. Biotechnol. Adv. 27: 185-194.
http://dx.doi.org/10.1016/j.biotechadv.2008.11.001

Steel, R. G. D. & J. H. Torrie. 2003. Principles and Procedures
of Statistics. 2 ed. Mc. Graw-Hill Book Co. Inc., New York.

Sung, H. G., Y. Kobayashi, J. Chang, A. Ha, I. H. Wang, & J. K.
Ha. 2007. Low ruminal pH reduces dietary fiber digestion

Media Peternakan

via reduced microbial attachment. Asian-Aust. ]J. Anim.
Sci. 20:200-207.

Tilley, J. M. A. & R. A. Terry. 1963. A two stage technique for
the in vivo digestion of forage crops. J. Brit. Grassland Soc.
18: 104. http://dx.doi.org/10.1111/.1365-2494.1963.tb00335.
X

Widiastuti, H., Suharyanto, A. Wulaningtyas, & Sutamiharja.
2008. Activity of ligninolytic enzymes during growth and
fruiting body development of white rot fungi Omphalina
sp and Pleurotus ostreatus. Hayati. Journal of Biosciences
15: 140-144.

Xu, C. C,, Y. Caj, J. G. Zhang, & M. Ogawa. 2007. Fermentation
quality and nutritive value of total mixed ration silage con-
taining coffee ground at ten or twenty percent of dry mat-
ter. J. Anim. Sci. 85:1024-1029. http://dx.doi.org/10.2527/
jas.2005-628

April 2013 63



