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Abstract: A study was conducted to evaluate the effect of Pleurotus djamor on the chemical composition and
ruminal disappearance of maize stover. Maize stover either treated or untreated with Pleurotus djamor was obtained
from a commercial facility. Ten samples of maize stover used previously as substrate to culture edible fungus were
collected randomly. The negative control group consisted of pasteurized maize stover untreated with Pleurotus
djamor. All samples were analyzed to determine dry matter (DM), organic matter (OM), crude protein (CP), neutral
detergent fiber (NDF), acid detergent fiber (ADF), cellulose (C), hemicellulose (HC) and lignin (L). No differences
(P > 0.05) between treatments were observed for DM, OM, CP, C, and L; however, treated maize stover (P < 0.05)
showed a lower percentage of NDF as well as a lower HC value. Changes in the ruminal disappearance kinetics of
the DM and NDF fractions; the potentially digestible fraction was higher in untreated maize stover (P > 0.05). The
growth of Pleurotus djamor on maize stover changes its chemical composition by decreasing the hemicellulose
content and modifying cell wall components; however, these did not improve the nutritional quality of the
agricultural by-products. This suggests that Pleurotus djamor-treated maize stover is not ideal forage for ruminants.
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1. Introduction carbohydrate content that may represent an important

Humanity is at imminent risk of hunger, two energy source for ruminants (Karunanandaa et al.,
thirds of the world already suffers of it. The rate of 1995; Zadrazil, 1997). Crop residues are high in
population growth is faster than the food production cellulose, hemicellulose, and lignin, but low in pectin
capacity, the problem is further aggravated by the and silica. An important limiting factor in using by-
energy crisis and by continuous environmental products for animal feeding is their low digestibility,
degradation. Increased agro-industrial growth leads to due mainly to non-polysaccharide components such as
a massive production of solid by-products, which in phenolic acids (Ortega et al., 1986; Kuhad et al.,
México are estimated to be in excess of 50 million 2013; Elghandour ef al., 2014). Lignin forms a ligno-
t/year, mainly from crops such as corn, beans, rice, cellulolic complex with some carbohydrates and
sorghum and barley. These in turn are burned and proteins. This complex, especially the crystalline
reincorporated into the soil (as fertilizer), used as a structure of cellulose in cell walls, is highly resistant
raw material for paper or fuel, composted, or in small to breakdown by enzymes, rumen microorganisms and
percentages used for feeding animals (Guzman ef al., the small intestine (Langar et al., 1980; Henics, 1987).
1987; Kuhad et al., 2013). Lignin not only inhibits ruminal digestion of

However, the latter represent low quality forages, polysaccharides, but serves to protect other highly
high in fiber, low in CP and deficient in vitamins and digestible compounds (Hadar et al, 1992;
minerals (Mahesh and Mohini, 2013; Kholif et al., Karunanandaa et al., 1995). In order to increase the
2014). All these by-products therefore have low nutritional quality of straws and agricultural by-
palatability; however, some have rich soluble products, different strategies have been used to disrupt
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carbohydrate-lignin complexes, facilitate the access of
cellulolytic  microorganisms to the structural
carbohydrates and improve the quality and nutritive
value of straw (Montafiez et al., 2004; Valdes ef al.,
2015; Alsersy et al., 2015). Biological agents can be
used to remove lignin and increase the digestibility of
low quality forages (Khattab ef al., 2011; Abdel-Aziz
et al., 2015; Sharma and Arora, 2015). The
basidiomycetes fungi have the capability to degrade
lignin in cell walls (Khattab et al.,, 2013; Sharma and
Arora, 2015). Among these are white-rot fungi, which
are capable of decomposing and mineralizing plant
cell components because, during fungal colonization
of a suitable substrate, the easily digestible
carbohydrates are converted into simpler sugars
(Khattab et al., 2013; Kholif et al., 2014). This is
known as the fungus’ primary metabolism. These
sugars are totally consumed by the fungus and
afterward secondary metabolism is initiated, which
consists of the breakdown of structural carbohydrates
and lignin from substrates by extra-cellular enzymes
like laccase, manganese peroxidase and peroxidase
(Kuhad ef al., 2013). Because of the high annual
production of agricultural residues and their low
nutritional quality (Khattab et al., 2013), it is essential
to seek new techniques to increase their nutritive
value, at low energy cost and in an environmentally
safe manner. These by-products should be recycled
through animal feed without affecting the animals’
productive performance. The objective of this study
was to evaluate the effect of Pleurotus djamur on the
chemical composition and ruminal disappearance of
DM and NDF of maize stover.

2. Material and methods

All samples were collected at a commercial
facility that produces fungi in Jalisco, México. The
maize stover that was used as a substrate to grow the
edible fungus Pleurotus djamor came from the
southern region of Jalisco Mexico. The maize stover
was pasteurized in water at 120 °C for 45 minutes and
then cooled to room temperature. The pasteurized
substrate was manually packaged into clean
polyethylene bags 10 kg per bag, and inoculated with
250 g of the Pleurotus djamor strain. Culturing was
carried out in an incubation room at 25-26 °C for 60
d. The fruit-bodies were harvested on days 52 and 53
after inoculation. Ten samples plastic bags of wheat
straw previously used as substrate to culture edible
fungi were collected randomly. The negative control
group consisted of the pasteurized maize stover
without treatment with Pleurotus djamor (MSU).
Samples were transported to the Animal Nutrition
Laboratory of the Southern University Center of
Guadalajara University at Ciudad Guzman, Jalisco,
México. Samples were ground in a Willey mill using a
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1 mm screen, then analyzed for dry matter (DM),
organic matter (OM), crude protein (CP) and ash; all
these determinations were based on the procedures
described by AOAC (2007). Lignin, NDF and ADF
were determined according to the methodologies of
Van Soest (1991). All analyses were run in triplicate.

2.1.In situ degradability

In situ digestibility was determined using four 4-
year old Holstein cows (625 + 63 kg) equipped with
permanent rumen cannula with a 10 cm core diameter.
Cows were distributed at random in an experimental
design in simple sequences of treatments. The
experiment lasted 30 days, divided into two periods of
15 days each (10 days for adaptation and 5 days for
sampling). The diets consisted of: maize stover treated
with Pleurotus djamor (MST) or untreated maize
stover ad libitum plus 1.0 kg of commercial dairy
concentrate  (APILECHE  ULTRA®,  México,
México) split into two sessions (AM and PM) to
ensure the greatest cellulolytic activity by the
microflora in the rumen. Fresh clean water was
available  ad  libitum. To  determine  thein
situ digestibility of DM and ADF, we followed the
procedure proposed by Vanzant et al. (1998). Nylon
bags were used (10 x 15 cm, pore size 40 to 60 pm)
with 5 g of sample. Each sample of the proposed
treatments (MST and MSU) was incubated in the
rumen for 8, 12, 24 and 48 h in triplicate.
Additionally, for each point in time, blanks secured
with nylon thread to a piece of string (30 cm long,
weight 150 g) were added and left suspended in the
rumen. Subsequently, the bags were removed from the
rumen according to the incubation times along with
the zero hour and then washed with running water
under low pressure until the wash water was just as
clear as before it had entered. Next, the bags of waste
were dried in a circulating air oven (48 h at 60 °C).
The ruminal disappearance data were analyzed using
the Orskov and McDonald (1979) model as follows: P
=a+b (1 —e-"), where P describes the proportion (%)
of material that disappeared from the bag at time ¢; a
is the ruminal solubility, or fraction that disappeared
from the bag at 0 h; b is the insoluble, but potentially
digestible fraction (%); and c is the disappearance rate
(%/h).

2.2. Statistical analysis

Data from the ruminal disappearance were
analyzed using the NLIN procedure of SAS and
chemical composition was analyzed using PROC
GLM (SAS, 1999).

3. Results

No differences were observed (P>0.05) between
treatments for DM, OM, CP, C, and L; however,
treated maize stover (P < 0.05) showed a higher
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percentage of ADF, as well as lower NDF and HC
values.

Table 1. Chemical composition of maize stover either
untreated (MSU) or treated (MST) with Pleurotus
djamor (%).

Component MSU MST
Dry matter 92.0 92.6
Organic matter 82.5 82.6
Crude protein 4.8 4.4
Neutral detergent fiber 55.9a 47.6b
Acid detergent fiber 25.7 27.2
Cellulose 33.7 324
Hemicellulose 29.8a 20.4b
Lignin 12.2 11.9
Ash 9.4 9.6

*®Different letters following means in the same raw
indicate differences at P<(0.05. MSU, maize stover
untreated; MST, maize stover treated with Pleurotus
djamur.

There were differences in DM and NDF
disappearance (P<0.05). The values of potentially
digestible ruminal (b)) DM and NDF were higher for
MSU, while the constant of ruminal degradation (c)
was higher for MST in the NDF fraction (P>0.05), but
similar for the DM fraction.

Table 2. Ruminal disappearance of DM and NDF in
maize stover either untreated (MSU) or treated (MST)
with Pleurotus djamor (%).

In sacco disappearance MSU | MST SEM
Incubation time (h)

8 53.68a | 42.09b 1.85
12 55.67a | 44.86b 1.92
24 60.49a | 51.78b 1.66
48 66.45a | 61.03b | 1.17
DM fraction (%)

Soluble (a) 35.7b | 48.9a 1.98
Potentially digestible (b) 37.9a | 23.9b 2.52
Potential degradability (a+b) | 73.6 72.9 1.02
Constant of degradation (c)/h 0.023 | 0.027 0.01
NDF fraction (%)

Potentially digestible (b) 24.13a | 11.10b 1.2
Constant of degradation (c)/h 0.03b | 0.06a 0.01

*® Different letters following means in the same raw
indicate differences at P<(0.05. MSU, maize stover
untreated; MST, maize stover treated with Pleurotus
djamur; SEM, standard error of the mean.

4. Discussion

No differences were observed in DM, OM, CP or
ash. Similarly, Escalona et al. (2001) did not find
changes in DM after adding Pleurotus florida to a mix
of molasses residues, sugarcane bagasse, and liquid
residues. By contrast, Kerem et al (1992) using
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steams of cotton, and Tripathi and Yadav (1992),
Ginterova and Lazarova (1987), and Kishan et al.
(1990) using wheat straw, all found reductions in DM
after treatment with P. ostreatus. In addition,
Yamakawa et al. (1992) reported reductions of 23% in
DM of rice straw. Langar et al. (1980) also showed
that during P. ostreatus fructification on wheat straw,
OM and other cell wall components with the
exception of lignin were reduced after the fungus was
removed. Ortega et al. (1986) and Escalona et al.
(2001) reported that ash concentration was increased
60 days after barley straws were incubated with P.
ostreatus, possibly due to higher OM use by the
fungus. Jafari et al. (2007) found changes in DM, OM
and CP on fungal treated rice straws with different
species of Pleurotus. In another study, cultivation of
P. pulmonarius and P. florida on wheat straw resulted
in greater OM digestibility for treated straw
(Montafiez et al., 2004, 2008). Karunanandaa et al.
(1995) also reported losses of OM in rice straw treated
with white rot fungus, with these losses occurring
mainly at the moment of fruit production. However,
Ortega et al. (1986), recorded no change in CP when
wheat straw was treated with P. ostreatus for 45 or 60
d. In contrast, Coronel and Ortega (1998) reported a
higher nitrogen concentration; they attributed this
increment to fungal residues left after the harvesting
process. Rao and Naik (1990) used P. ostreatus-
incubated wheat straw to feed ruminants, and found
that ADFI and CP increased for P. ostreatus-treated
straw. They also reported that some microorganisms
associated with the fungus have the ability to fix
nitrogen from the atmosphere, and this resulted in an
increment in the nitrogen content of the treated straws.

In the present study, NDF and HC were lower for
fungus-treated maize stover while ADF was similar
for both treatments. Badarinaa et al. (2013) mentioned
that cellulose, hemicelluloses, and lignin are the main
sources of carbon and energy for P. ostreatus growth,
while protein serves as the N source. Based on the
results of this study, it is possible that the changes in
fiber components are influenced by the substrate used
for the fungus incubation, suggesting that Pleurotus
djamor used NDF as an energy source. Gintevora and
Lazarova (1987, 1988), incubated P. ostreatus on
wheat straw and observed that hemicelluloses and
lignin were more degraded than cellulose.
Hemicelluloses and lignin are two high-energy
compounds that are metabolized during the growth
stage of the fungus in almost the same proportion.
This situation therefore, depends on the species and
strains of fungus used. A significant reduction in the
lignin-carbohydrate complex may increase soluble
detergent fiber, and improve its quality as a feedstuff
for animals. Adamovic et al. (1998) cultivated P.
ostreatus on wheat straw and found, that after seeding,
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neutral detergent fiber (NDF) and acid detergent fiber
(ADF) contents were decreased. Diaz and Sanchez
(2002) found that NDF content decreased in maize
straw treated with P. ostreatus, similar to this study.
Alborés et al. (2006) using P. ostreatus strains 814,
816, P. cornucopiae and P. djamor on citrus bagasse,
rice straw and a combination of both, detected
decreases in neutral detergent fiber and acid detergent
fiber contents.

The results of in sacco digestibility was higher in
MSU in all times, but the DM and NDF ruminal
disappearance observed in this study are similar to
those in a report using P. djamuor where the in vitro
digestibility of DM was similar but the NDF was
higher that the control (Jafari ez al., 2007). Vadiveloo
et al. (2009) reported that 25 days of treatment with
Pleurotus sajor-caju increased the in vitro digestibility
of rice husk. Fazaeli et al. (2002) observed that the
digestibility of DM and OM for cattle was increased
by using Pleurotus florida on wheat straw. White rot
fungi degrades highly digestible polysaccharides and
consumes relatively more lignin and hemicellulose
than cellulose in its primary metabolism, and in its
second metabolism degrades cellulose more than
hemicellulose and lignin (Zadrazil and Kamra, 1996).
For this reason, as the time of incubation increased,
the cell wall components and their digestibility
decreased, similar to findings in this study. Pan et al.
(2012) observed that the effective rumen degradability
of DM and OM during cultivation of the edible fungi
Pleurotus  ostreatus,  Auricularia  polytricha,
Flammulina velutipes and P. ferulae, as well as the
potential degradability values of A. polytricha, F.
velutipes and P. ferulae, were significantly higher on
the spent mushroom substrate. The effective rumen
degradability of NDF and ADF were increased by
fungal cultivation, and were also fit for use as feed for
ruminants. Kim et al. (2011) reported that using
sawdust-based oyster mushroom spent substrate, the
DM disappearance rate was unchanged by fungal
treatment. Diaz and Sanchez (2002) reported, that
using maize straw treated with P. ostreatus, the
proportion of DM ruminal disappearance was higher
than that obtained in untreated maize straw. The
potentially digestible (b) and constant of degradation
(c) values were also higher after this treatment, similar
to findings in this study. Although the use of fungal
species improves the nutritive value of the by-
products, factors such as substrate type, condition and
method of cultivation as well as the fungal species
selected can greatly influence the outcome. For this
reason more studies should be done. The growth of
Pleurotus djamor on maize stover changes its
chemical composition by decreasing hemicellulose
content and modifying cell wall components;
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however, this did not improve the nutritional quality
of the agricultural by-products.

Acknowledgements:

Authors are grateful to the Departamento de
Investigacion, Desarrollo Tecnologico e Innovacion of
the Universidad Estatal de Milagro, Ecuador for
financial support for the publication and the Centro
Universitario del Sur de la Universidad de
Guadalajara for financial support to carry out this
work.

Corresponding Author:

Dr. Oziel Dante Montafiez-Valdez

Departamento de Desarrollo Regional, Centro
Universitario del Sur de la Universidad de
Guadalajara. Av. Enrique Arreola Silva 883. Ciudad
Guzman, Jalisco. CP 49000. México.

E-mail: montanez77@hotmail.com

References

1. Abdel-Aziz NA, Salem AZM, El-Adawy MM,
Camacho LM, Kholif AE, Elghandour MMY,
Borhami BE. Biological treatments as a mean to
improve feed utilization in agriculture animals-
An overview. Journal of Integrative Agriculture
2015; 14(3): 534-543

2. Adamovic M, Grubic G, Milenkovic I, Jovanovic
R, Protic R, Sretenovic L, Stoicevic L. 1998. The
biodegradation of wheat straw by Pleurotus
ostreatus mushrooms and its use in cattle
feeding. Animal Feed Science and Technology
1988; (71): 357-362.

3. Alborés S, Pianzzola MJ, Soubes M, Cerdeiras
MP. Biodegradation of agroindustrial wastes by
Pleurotus spp for its use as ruminant feed.
Electronic Journal of Biotechnology 2006; (9):
215-220.

4. Alsersy H, Salem AZM, Borhami BE, Olivares J,
Gado HM, Mariezcurrena MD, Yacuot MH,
Kholif AE, El-Adawy M, Hernandez SR. Effect
of Mediterranean saltbush (Atriplex halimus)
ensilaging with two developed enzyme cocktails
on feed intake, nutrient digestibility and ruminal
fermentation in sheep. Animal Science Journal
2015; (86):51-58.

5. Association of Official Analytical Chemists.
2007. Official Methods of Analysis. 18th ed.
AOAC. Washington, D.C.

6. Badarinaa I, Evvyernieb D, Toharmatb T,
Herliyanac EN, Darusmand LK. Nutritive Value
of Coffee Husk Fermented with Pleurotus
ostreatus as  Ruminant Feed. MEDIA
PETERNAKAN-Journal of Animal Science and
Technology 2013; (36):58-63.



Life Science Journal 2015;12(2s)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Coronel RU, Ortega ME. Effect of feeding
barley straw upgraded by Pleurotus in sheep.
Proceedings of The Nutrition Society 1998;
(57):81a.

Diaz GG, Sanchez C. In situ digestibility and
nutritive value of maize straw generated after
Pleurotus ostreatus cultivation. Canadian Journal
of Animal Science 2002;(82):617-619.
Elghandour MMY, Vazquez Chagoyan JC,
Salem AZM, Kholif AE, Martinez Castafieda JS,
Camacho LM, Cerrillo-Soto MA. Effects of
Saccharomyces cerevisiae at direct addition or
pre-incubation on in vitro gas production kinetics
and degradability of four fibrous feeds. Italian
Journal of Animal Science 2014;(13): 295-30.
Escalona CL, Ponce PL, Estrada MA, Solano
SG, Ricardo SO, Cutido EM. Cambios en la
composicion bromatologica del GARAVER
inoculado con una cepa de Pleurotus ostreatus.
Revista de Produccion Animal 2001;(13): 21-24.
Fazaeli H, Jelan ZA, Azizi A. Effects of fungal
treatment on nutritive value of wheat straw.
Malaysian Journal of Animal Science, 2002;(7):
61-71.

Ginterova A, Lazarova A. Degradation dynamics
of lignocellulose materials by wood-rotting
Pleourotus fungi. Folia Microbiologica 1987;
(32):434-437.

Ginterova, @ A.  Lazarovda A.  Energy
transformation of lignocellulosics into fruit
bodies of the wood-rotting fungus Pleourotus.
Folia Microbiologica 1988;(34):141-145.
Guzman, DL, Martinez D, Morales P, Soto C. El
cultivo de hongos comestibles (Pleurotus) sobre
el bagazo de maguey de la industria tequilera.
Revista Mexicana de Micologia 1987;(3):47-49.
Hadar Y, Kerem Z, Gorodecki B, Ardon O.
Utilization of lignocellulosic waste by the edible
mushroom, Pleurotus ostreatus. Biodegradation
1992;(3):189-205.

Henics Z. Wheat straw upgraded by Pleurotus
ostreatus. World Review of Animal Production
1987;(23):56-60.

Jafari MA, Nikkhah A, Sadeghi AA, Chamani N.
The effect of Pleurotus spp. on chemical
composition and in vitro digestibility of rice
straw. Pakistan Journal of Biological Science
2007;(10): 2460-2464.

Karunanandaa K, Varga GA, Akin DE, Rigsby
LL, Royse DJ. Botanical fractions of rice straw
colonized by white-rot fungi: changes in the
chemical composition and structure. Animal
Feed Science and Technology 1995; (55):179-
199.

Kerem Z, Friejem D, Hadar Y. Lignocellulose
degradation during solid-state fermentation:

59

20.

21.

22.

23.

24.

25.

26.

27.

28.

Pleurotus  ostreatus ~ vs  Phanerochaete
chrysosporium. Applied and Environmental
Microbiology 1992;(58): 1121-1130.

Khattab HM, Gado HM, Kholif AE, Mansour
AM, Kholif AM. The potential of feeding goats
sun dried rumen contents with or without
bacterial inoculums as replacement for berseem
clover and the effects on milk production and
animal health. International Journal of Dairy
Science 2011; 6: 267-277.

Khattab HM, Gado HM, Salem AZM, Camacho
LM, El-Sayed MM, Kholif AM, ElShewy AA,
Kholif AE. Chemical Composition and in vitro
digestibility of Pleurotus ostreatus spent rice
straw. Animal Nutrition and Feed Technology
2013; (13): 507-516.

Kholif AE, Khattab HM, El-Shewy AA, Salem
AZM, Kholif AM, El-Sayed MM, Gado HM,
Mariezcurrena MD. Nutrient  digestibility,
ruminal fermentation activities, serum
parameters and milk production and composition
of lactating goats fed diets containing rice straw
treated with  Pleurotus ostreatus. Asian-
Australasian Journal of Animal Sciences 2014;
(27): 357-364.

Kim M, Lee H, Park J, Kang S, Choi Y.
Recycling of fermented sawdust-based oyster
mushroom spent substrate as a feed supplement
for postweaning calves. Asian Australasian
Journal of Animal Science, 2011;(24): 493-499.
Kishan S, Ral SN, Flegel TW, Neelakantan S.
Solid substrate fermentation of ground on un-
ground wheat straw with Pleurotus ostreatus.
Indian Journal of Animal Science 1990;(60):
1230-1238.

Kuhad RC, Kuhar S, Sharma, KK, Shrivastava
B. Microorganisms and Enzymes Involved in
Lignin Degradation Vis-a-vis Production of
Nutritionally Rich Animal Feed: An Overview.
In: Kuhad R C, Singh A, ed, Biotechnology for
Environmental Management and Resource
Recovery. Springer India. 2013; 3-44.

Langar PN, Sehgal JP, Garcha HS. 1980.
Chemical changes in wheat and paddy straws
after fungal cultivation. Indian Journal of Animal
Science 1980;(50): 942-946.

Mahesh M S, Mohini M. Biological treatment of
crop residues for ruminant feeding: A review.
African Journal of Biotechnology 2013; (12):
4221-4231.

Montafiez OD, Ortega ME, Cobos MA, Larqué
A, Garcia JE. Effect of the feeding of wheat
straw treated with Pleurotus florida on sheep
ruminal flora. Cuban Journal of Agricultural
Science 2004;(38): 241-249.



Life Science Journal 2015;12(2s)

http://www.lifesciencesite.com

29.

30.

31.

32.

33.

34.

35.

36.

Montafiez VOD, Garcia FEO, Martinez GJA,
Salinas CJ, Rojo RR, Peralta OJJ. Use of
Pleurotus pulmonarius to change the nutritional
quality of wheat straw: 1. Effect on chemical
composition. Interciencia 2008;(33):435-438.
@Orskov ER, McDonald 1. The estimation of
protein degradability in the rumen from
incubation measurements weighted according to
rate of passage. Journal of Agricultural Science
1979;(92): 499-503.

Ortega CME, Can AB, Herrera PF, Pérez-Gil
RF. Efecto de la inoculacion del hongo
comestible  Pleurotus  ostreotus en la
composicion quimica y digestibilidad de la paja
de cebada. Archivos Latinoamericanos de
Nutricion 1986; (36): 345-350.

Pan J, Cao YF, Lu C, Gao TY, Wang XX, Sun
KJ, Zhang L. 2012. Effects of mushroom
cultivation on nutritional value and dynamics of
goat ruminal degradability of cottonseed hull.
Chinese Journal of Eco-Agriculture 2012;(20):
93-98.

Rao R, Naik DG. Influence of two levels of N &
S on the growth and lignolytic ability of
Pleurotus ostreatus on wheat and paddy straws.
Indian Journal of Animal Nutrition 1990;(7):71-
74.

Salem AZM, Alsersy H, Camacho LM, El-
Adawy MM, Elghandour MMY, Kholif AE,
Rivero N, Alonso MU, Zaragoza A. Feed intake,
nutrient digestibility, nitrogen utilization and
ruminal fermentation activities of sheep fed
Atriplex halimus treated with three developed
enzyme cocktails. Czech Journal of Animal
Science Czech Journal of Animal Science 2015;
60, (2): 80-88.

SAS .User s Guide: Statistics, version 8.0. Ed.
SAS Institute, Inc., Cary N.C. 1999.

Sharma RK, Arora DS. Fungal degradation of
lignocellulosic residues: An aspect of improved
nutritive  quality.  Critical Reviews in
Microbiology, 2015;(41):52-60.

2/11/2015

60

37.

38.

39.

40.

41.

42.

43.

44,

Tripathi JP, Yadav JS. Optimisation of solid
sustrate ferementation of wheat straw into animal
feed by Pleurotus ostreatus: a pilot effort.
Animal Feed Science and Technology 1992;(37):
59-72.

Vadiveloo J, Nurfariza B, Fadel JG. Nutritional
improvement of rice husks. Animal Feed Science
and Technology 2009;(151): 299-305.

Valdes, KI, Salem AZM, Lopez S, Alonso, MU,
Rivero N, Elghandour MMY, Dominguez IA,
Ronquillo MG, Kholif AE. Influence of
exogenous enzymes in presence of Salix
babylonica extract on digestibility, microbial
protein synthesis and performance of lambs fed
maize silage. Journal of Agriculture Science,
Cambridge 2015; doi.
10.1017/S0021859614000975.

Van Soest PJ, Robertson JB, Lewis BA. Methods
for dietary fiber, neutral detergent fiber and non
starch polysaccharides in relation to animal
nutrition. Journal of Dairy Science 1991; (74):
3583-3597.

Vanzant ES, Cochran RC, Titgemeyer EC.
Standardization of in situ techniques for
ruminant feedstuff evaluation. Journal of Animal
Science 1998; (76): 2717-2729.

Yamakawa M, Abe H, Okamoto M. Effect of
incubation with edible mushroom, Pleurotus
ostreatus, on in vitro degradability of rice straw.
Animal Science and Technology (Jpn)
1992;(63): 180-185.

Zadrazil F, Kamra DN. Bioconversion of
lignocellulose into ruminan feed with white rot
fungi. Journal Applied Animal Research 1996;
(10): 105-124.

Zadrazil F. Changes in “in vitro” digestibility of
wheat straw during fungal growth and after
harvest of oyster mushroom (P. oestreatus) on
laboratory and industrial scale. Journal Applied
Animal Research 1997(11): 37-48.



