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Abstract

The aim of this study was to determine the effects of different levels of cellulase enzyme treatments and incubations on digestibility
of rice straw. Rice straw was treated by using cellulase from Trichoderma reseei at 0 (Control, C), T (RS+CEL1), 1.5 (RS+CEL1.5) and 2%
(RS+CEL2) levels (dry matter basis, DM), and treated rice straw samples were ensiled in 6 glass jars for C, RS+CEL1, RS+CEL1.5 and
RS+CEL?2. For control and each level of cellulase treatment, 3 glass jars were incubated at room temperature (22°C) in the dark for 30
days, 3 glass jars were incubated at 40+0.2°C in an incubator for 30 days. After the treatment, the significant increases (P<0.05) were
determined in treatment groups compared to control for the percentage of in vitro true digestibility as fed (IVTDysteq ), in vitro true dry
matter digestibility (IVTDMD), in vitro true neutral detergent fiber digestibility in DM basis (IVTNDFDpw) and in vitro true organic matter
digestibility in DM basis (IVTOMDpu ) of rice straw. The best results obtained from the highest level of cellulase (RS+CEL2) treatment
at 40°C for IVTD;s feq, IVTDMD, IVTNDFDpy and IVTOMDpy were 62.99+0.22, 60.43+0.23, 30.70+0.23 and 63.58+0.34%, respectively. In
conclusion, observed results showed that treatment of rice straw with cellulase improved the true digestibilitiy.

Keywords: Fibrolytic enzyme, In vitro true dry matter digestibility, In vitro true neutral detergent fiber digestibility, Rice straw

Sellilaz Enzimi Muamelesinin Celtik Samani Sindirilebilirligi
Uzerine Etkisi

Ozet

Bu calismanin amaci, farkh diizeylerdeki seliilaz enzimi muamelesi ve inklibasyonunun, celtik samaninin sindirilebilirligi Gzerine olan
etkisini arastirmaktir. Celtik samani Trichoderma reseei kaynakli seliilaz ile %0 (Kontrol, K), 1 (CS+SEL1), 1.5 (CS+SEL1.5) ve 2 (CS+SEL2)
dizeylerinde (kuru maddede, KM'de) muamele edildi. Muamele edilen celtik samanlari, kontrol ve her bir muamele grubu icin 6'sar
adet cam kavanoza silolandi. Kavanozlarin 3 tanesi karanlikta oda sicakliginda (22°C) diger 3 tanesi de bir inklbatérde 40°C'de 30 giin
stre ile inkiibasyona birakildi. Celtik samaninin farkl diizeylerde seliilaz ile muamelesi sonucunda kontrol grubuna gore celtik samani
in vitro gercek sindirilebilirliginde (IVGS,em), in vitro gercek kuru madde sindirilebilirliginde (IVGKMS), kuru madde bazinda in vitro notral
deterjan lif sindirilebilirliginde (IVGNDFSky) ve in vitro organik madde sindirilebilirliginde (IVGOMSw) 6nemli artislar (P<0.05) saptandi.
Arastirmada ¢eltik samaninin en yiksek diizeyde selllaz (CS+SEL2) ile muamele ve 40°C'de inkibe edilmesiyle IVGS,em, IVGKMS,
IVGNDFgy ve IVGOMSkw degerleri sirasiyla 9%62.99+0.22, 60.43+0.23, 30.70+0.23 ve 63.58+0.34 olarak bulundu. Sonuc olarak, elde
edilen bulgular seltilaz enzimi ile celtik samani muamelesinin gercek sindirilebilirligi artirdigini géstermistir.

Anahtar sézciikler: Celtik samani, Fibrolitik enzim, in vitro gercek kuru madde sindirilebilirligi, in vitro gercek nétral deterjan lif
sindirilebilirligi

INTRODUCTION Rice straw is a by-product of rice production. However, its
nutritive value and digestibility are relatively low because its

In many Asian and other developing countries, cereal  palatability is poor and it has high lignocellulosic complex,
straws are used in ruminant nutrition because they can low crude protein value and high silica concentration
be easily and cheaply provided for ruminant nutrition.  resisting bacterial attachment to surface of rice straw in
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rumen U, Average dry matter (DM), organic matter (OM),
crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and lignin contents of different
varieties of rice straw vary from 92.21 to 93.05%, 81.21 to
86.24%, 3.49 t05.10%, 72.16 to 77.57%, 41.38 to 46.32%
and 4.3 t0 6.97%, respectively .

Rice straw like other straws decribed low quality forages
may be treated with different physical (ground, pelleting/
chopping for reducing particle size, soaking, steam or
X-rays treatment, cooking under pressure etc.), chemical
(sodium/calcium/potassium/ammonium hydroxide, urea/
ammonia treatments etc.) physico-chemical (reducing
particle size and chemical treatment, sodium hydroxide
treatment and pelleting, urea treatment and pelleting,
chemical treatments and steaming etc.) or biological
(enzyme/white rot fungi treatment etc) methods for
improving its feeding value. Although application of
chemical treatments like sodium hydroxide to improve of
digestibility of straw increased degradability of straw ¥,
it can be a cause of enviromental pollution. Therefore,
the interest is focused on the biological treatments due
to the outgoing concerns on food safety in animal
originated food.

Addition of exogenous enzymes obtained from
fungi, white rot fungi and mushroom are a potential
biological treatment to improve the digestibility of low
quality forages because of being able to break down
lignocellulose ™. Recently, the degradation of cereal straw
cell walls with fibrolytic enzymes has been reported to
increase the digestibility and improve the nutritive value
of cereal straws 57\, Beauchemin et al.® reports that the
nutritive value of rice straw may be improved by using
exogenous fibrolytic enzymes. However, use the fiber
degrading enzyme as a feed additive and its treatment are
important for increasing degradation of rice straw.

Harvested rice production in Turkey is around 900.000
tons ® which is equivalent to 500.000 tons potential rice
straw production capacity. Generally this high amount
of rice straw has not been used efficiently for ruminant
feeding in Turkey because of its low digestibility, therefore,
rice straw has been ploughed, burned in the field or used
for bedding of cattle. Only slight amount of rice straw has
been used for ruminant nutrition mostly for buffaloes %',
On the other side, there is a worldwide shortage of finding
roughage for ruminant nutrition including Turkey. Hence,
the aim of the study was to investigate effect of different
levels of cellulase enzyme treatments on digestibility of
rice straw.

MATERIAL and METHODS

Chemical analyses and in vitro digestibility of rice
straw were conducted in the Ruminant Feed Evaluation
Laboratory of Department of Animal Nutrition and

Nutritional Diseases, Faculty of Veterinary Medicine of
Ondokuz Mayis University, Samsun, Turkey.

Animals

Rumen fluid was collected from three ruminally
cannulated Karayaka rams, average weight 50 kg and
two-year-aged (approved by Ondokuz Mayis University,
the Local Ethics Committee on Animal Experiments,
18/12/2012,HADYEK 2012/70) were keptin the individually
penned indoors at barn. The rams were fed twice daily
(08:00 am and 17:00 pm) by 650 g of alfalfa hay and 350
g concentrate. These amounts were estimated to the level
of 1.25 x maintenance requirements according to NRC '2
during the study. Fresh drinking water was freely supplied.

Chemical Analysis

Rice straws were milled for passing through a 1 mm
sieve and analyzed according to AOAC methods 3. ADF,
NDF (with sodium sulfite) and acid detergent lignin (ADL)
contents of rice straw used in the study were detected by
Van Soest et al.l'4,

Enzyme Treatments of Rice Straw

Rice straw was obtained from private dairy farm in
Doganca Bafra, Samsun, Turkey. Rice straw was chopped
to 5 cm length and treated with the cellulase enzyme
(Farmazyme cellulase, FARMAVET International, Turkey,
EC: 3.2.1.4, from Tricoderma reseei and activity >5.000 U/
kg; 1 unit of cellulase activity is described as the enzyme
required to release 1 pg reducing sugar from 4 mg/ mL
sodium cellulose glycolate in one min at 37°C and pH
5.5) at the levels of 0 (C), 1 (RS+CEL1), 1.5 (RS+CEL1.5)
and 2.0% (RS+CEL2) of dry matter (DM) basis of rice straw
according to the method reported by Nakashima et al.l'*.,
The amount of water added to rice straw for enzyme
treatment calculated to provide approximately 40% DM
of rice straw. To ensure a homogeneous distribution of
cellulase enzyme in rice straw, cellulase enzyme was
dissolved in water and then was immediately sprayed on
rice straw and mixed for absorption by the rice straw. After
mixing, rice straw samples treated with cellulase enzyme
were compressively filled into 6 glass jars each of which
isa 1 L for each level of enzyme treatment. To prevent the
air inlet to the jars, around of the lids of jars were coated
with silicone. For each level of cellulase enzyme treatment,
3 glass jars were incubated at room temperature (22°C)
in the dark for 30 days, 3 glass jars were incubated at
40+0.2°C in an incubator for 30 days. After incubation, all
jars were opened and dried at 100£0.2°C) in an incubator
to stop the cellulase activity. Dried rice straws were ground
for in vitro digestion technique and chemical analysis.

Preparation of Bags

The bags (Ankom F57 filter bag, Ankom Technology
Corp., Fairport, NY, USA) were rinsed in acetone for 3 min
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andthen they were allowed to air dry. Once air dry, the bags
were marked and placed in a drying oven set at 60°C for 8
h. After the bags were dried, they were kept in a desiccator
before being weighed. Ground rice straw samples were
weighed into the bags (triplicate per treatment) at a mass
of 0.5+0.01 g per bag, sealed by an impulse bag sealer
(Ankom 1915/1920 Heat Sealer, Ankom Techonology
Corp., Fairport, NY, USA). A bag without substrate was also
used for a blank e,

Ruminal Content Collection

Ruminal content was collected from different sites
within the rumen at 3 h after morning feeding in thermos
flasks and transported instantly to the laboratory.
Ruminal content was strained through different layers of
cheesecloth and held at 39°C under a CO, atmosphere.

In vitro Digestion Method

The Ankom Daisy" in vitro fermentation system (Ankom
Technology Corp., Fairport, NY, USA) was used for the
determination of in vitro true digestibility, and the
procedure performed was according to that described by
the manufacturer ¢,

In this technique, buffer solutions were prepared
described by the Ankom Daisy" in vitro fermentation
system. An amount of 1600 mL of the buffer solution was
poured into each digestion jar of incubator, before the jars
were placed into the incubator with the temperature set
at 39°C. The heat and agitation switches on the incubator
were turned on, and the required time was allowed for the
temperature of the digestion jars containing the buffer
to equilibrate. Thereafter, 400 mL rumen fluid was added
to each digestion jars individually. Each digestion jars
were purged with CO, gas before activating of incubator
for 48 h. After 48 h of incubation, jars were took out from
their chambers, the incubation medium inside of jars was
removed and bags gently washed under running cold
water until they were completely clean. Thereafter, the
bags were placed in the Ankom 222 Fiber Analyzer, and
the NDF procedure was performed according to operating
manual supplied by ANKOM. After the NDF procedure, the
bags were dried at 105°C for 12 h and ashed in a furnace at
550°C for 6 h. The percentage of in vitro true digestibility as
fed (IVTDsteq), in vitro true dry matter digestibility (IVTDMD),
in vitro true NDF digestibility in DM basis (IVTNDFDpy)
and in vitro true organic matter digestibility in DM basis
(IVTOMDypy) values of the samples were calculated with
equations consisting the difference between the amount
of incubated and the residue after NDF analysis for the
different treatments "%, Digestibilities were calculated
with equations 1, 2, 3 and 4.

IVTDas feed (%) = 100 - [(W3 - (W1 x C1)) x 100]/(W2) [1]

IVTDMD (%) = 100 - [(W3-(W1 x C1)) x 1001/(W2 X %DMeea)  [2]

IVTNDFDow (%) = 100 X [(W2 X %NDFeeeq) - (W3-(W1 x C1))1/
(W2 X %DMeeq) [3]

IVTOMDpy (%) = 100 - [(W4) x 1001/(W2 X %DMreca) [4]

where W1 is weight of filter bag, W2 is weight of sample,
W3 is final weight (filter bag + sample), W4 is organic
material weight (calculated after inceration of filter bags
contained sample), NDFr.q is % of NDF contain in feed
(%DM), DMg.eqis % of dry matter contain in feed and C1 is
correction factor of blank filter bag value.

Statistical Analysis

Data were designed for appropriate of one-way
classification with 2x4 factorial experimental design and
analyzed with GLM procedure. Main effects were compared
with Duncan’s multiple range test. Mean differences
of interaction effects were compared to Tukey test. All
analyses and calculations were performed with SAS I'71,

RESULTS

Dry matter, ash, crude protein, ADF, NDF and ADL
contents of rice straw were 93.53, 16.68, 4.15, 41.15, 65.72
and 7.85%, respectively. The percentages of IVTDy fe,
IVTDMD, IVTNDFDpy and IVTOMDgy, of rice straw untreated
and treated with the different levels of cellulase enzyme,
and incubated at room temperature (22°C) and 40+0.2°C
for 30 d were given in Table 1 and Table 2, respectively.
There were increases (P<0.05) in the percentages of
IVTDy;s feq, IVTDMD, IVTNDFDpy and IVTOMDpy in group
RS+CEL1.5 and RS+CEL2 incubated at room temperature
(22°C) for 30 d (Table 1). Although the same parameters
except for the percentage of IVTOMDpy increased in
RS+CEL1, RS+CEL1.5 and RS+CEL2 incubated at 40°C for
30 d (Table 2). However, the percentage of IVTOMDpy
was the highest (P<0.05) in RS+CEL2 incubated at 40°C
for 30 d. The effect of cellulase treatment and incubation
temperature of rice straw on the percentages of IVTD teq,
IVTDMD, IVTNDFDpy and IVTOMDpy, of rice straw were
presented in Table 3. The percentages of IVTDsfeq, IVTDMD,
IVTNDFDpy and IVTOMDyy, of rice straw were the highest
in RS+CEL2 incubated at 40°C for 30 d (Table 3). The
best results obtained from the highest level of cellulase
(RS+CEL2) treatment (P<0.05) at 40°C for IVTD e, IVTDMD,
IVTINDFDpy and IVTOMDpy were 62.99+0.22, 60.43+0.23,
30.7040.23 and 63.58+0.34%, respectively.

DISCUSSION

The chemical composition of rice straw except for NDF
content that was lower in the present study was similar
to that of Rahman et al.”. Yadav and Yadav "®stated that
NDF value of rice straw was 64.94% which is similar to the
value of this study. The lower NDF content may be resulted
in improving of fiber digestion. The ADL content of rice
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Table 1. The percentages of in vitro true digestibility as fed (IVTD 414 %), in vitro true dry matter digestibility (IVTDMD%), in vitro true neutral detergent fiber
digestibility in dry matter basis (IVTNDFDp»%) and in vitro true organic matter digestibilityin dry matter basis (IVTOMDpu%) of rice straw untreated and
treated with cellulase enzyme + incubated at room temperature (22°C) for 30 d

Tablo 1. Seliilaz enzimi ile muamele edilen ve edilmeyen celtik samaninin oda sicakliginda (22°C) 30 giin inkiibasyonu sonucu yemin in vitro gercek
sindirilebilirlik (%IVGS yer), in vitro gercek kuru madde sindirilebilirligi (IVGKMS),kuru maddede in vitro gercek nétral deterjan lif sindirilebilirligi (IVGNDFSw),
kuru maddede in vitro gecek organik madde sindirilebilirligi (%!VGOMSkr)

Digestibility, % C RS + CEL1 RS + CEL1.5 RS + CEL2
9 Y X +5x X +5x X £5x X £5x
IVTD as fed 59.07+0.36b" 60.16+0.35b 61.32+0.15a 61.87+0.44a
IVTDMD 56.24+0.39b 57.40+0.37b 58.64+0.16a 59.24+0.47a
IVTNDFDowm 26.51+0.39b 27.67+0.37b 28.91+0.16a 29.50+0.47a
IVTOMDopwm 58.92+0.30b 59.78+0.38b 61.39+0.36a 61.96+0.52a
* Different letters within the same rows indicate differences among groups (P<0.05)
C: Control, 0%; RS+CEL1: Rice Straw + cellulase treatment of dry matter basis at the level of 1%; RS+CEL1.5: Rice Straw + cellulase treatment of dry matter
basis at the level of 1.5%; RS+CEL2: Rice Straw + cellulase treatment of dry matter basis at the level of 2%

Table 2. The percentages of in vitro true digestibility as fed (IVTD 4 %), in vitro true dry matter digestibility (IVTDMD%), in vitro true neutral detergent fiber
digestibility in dry matter basis (IVNDFDp»%) and in vitro true organic matter digestibility in dry matter basis (IVOMDpu%) of rice straw untreated and treated
with cellulase enzyme + incubated at 40°C for 30 d

Tablo 2. Seliilaz enzimi ile muamele edilen ve edilmeyen celtik samaninin 40°Cde 30 glin inkiibasyonu sonucu yemin in vitro gercek sindirilebilirlik
(%IVGS yem), in vitro gercek kuru madde sindirilebilirligi (IVGKMS),kuru maddede in vitro gercek nétral deterjan lif sindirilebilirligi (IVGNDFSku), kuru maddede
in vitro gercek organik madde sindirilebilirligi (%!VGOMSxm)

Digestibility, % C RS + CEL1 RS + CEL1.5 RS + CEL2
X+ Sx X £ Sx X £ Sx X+ Sx
IVTD as fed 58.99+0.26b" 62.25+0.23a 62.30+0.31a 62.99+0.22a
IVTDMD 56.16+0.28b 59.64+0.25a 59.70+0.33a 60.43+0.23a
IVTNDFDom 26.42+0.28b 29.90+0.25a 29.96+0.33a 30.70+0.23a
IVTOMDom 58.72+0.25¢ 61.90+0.23b 62.47+0.33b 63.58+0.34a
* Different letters within the same rows indicate differences among groups (P<0.05)

Table 3. The percentages of in vitro true digestibility as fed (IVTD as1a%), in vitro true dry matter digestibility (IVTDMD%), in vitro true neutral detergent fiber
digestibility in dry matter basis (IVTNDFDpu%) and in vitro true organic matter digestibility in dry matter basis (IVTOMDpu%) of rice straw untreated and
treated with cellulase enzyme + incubated atroom temperature (22°C) and 40°C for 30 d

Tablo 3. Seliilaz enzimi ile muamele edilen ve edilmeyen celtik samaninin oda sicakliginda (22°C) ve 40°Cde 30 giin inkiibasyonu sonucu yemin in vitro
gercek sindirilebilirlik (%IVGS yem), in vitro gercek kuru madde sindirilebilirligi (IVGKMS),kuru maddede in vitro gercek nétral deterjan lif sindirilebilirligi
(IVGNDFSkw), kuru maddede in vitro gercek organik madde sindirilebilirligi (%IVGOMSkx)

IVTD astea IVTDMD IVTNDFDom IVTOMDom
LLCELATTLSS X+ Sx X+ Sx X+ Sx X+ Sx
Cincat 22°C 59.07+0.36d" 56.24+0.39d 26.51+0.39d 58.92+0.30c
Cinc at 40°C 58.99+0.26d 56.16+0.28d 26.42+0.28d 58.72+0.25¢
RS+CEL1 inc at 22°C 60.16+0.35¢ 57.40+0.37¢ 27.67+0.37¢ 59.78+0.38¢
RS+CEL1 inc at 40°C 62.25+0.23ab 59.64+0.25ab 29.90+0.25ab 61.90+0.23b
RS+CEL1.5 inc at 22°C 61.3240.15b 58.64+0.16b 28.91+0.16b 61.39+0.36b
RS+CEL1.5 inc at 40°C 62.30+0.31ab 59.70+0.33ab 29.96+0.33ab 62.47+0.33b
RS +CEL2 inc at 22°C 61.87+0.44b 59.24+0.47b 29.50+0.47b 61.96+0.52b
RS+CEL2 inc at 40°C 62.99+0.22a 60.43+0.23a 30.70+0.23a 63.58+0.34a
* Different letters within the same column indicate differences among groups (P<0.05)
Cinc at 22°C: Control incubated at 22°C; RS+CEL1 inc at 22°C: Rice Straw + cellulase treatment of dry matter basis at the level of 1% and incubated at 22°C;
RS+CEL1.5 inc at 22°C: Rice Straw + cellulase treatment of dry matter basis at the level of 1.5% and incubated at 22°C; RS+CEL2 inc at 22°C: Rice Straw +
cellulase treatment of dry matter basis at the level of 2% and incubated at 22°C
Cinc at 40°C: Control incubated at 40°C; RS+CEL1 inc at 40°C: Rice Straw + cellulase treatment of dry matter basis at the level of 1% and incubated at 40°C;
RS+CEL1.5 inc at 40°C: Rice Straw + cellulase treatment of dry matter basis at the level of 1.5% and incubated at 40°C; RS+CEL2 inc at 40°C: Rice Straw +
cellulase treatment of dry matter basis at the level of 2% and incubated at 40°C
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straw in the present study was lower than that of Akinfemi
and Ogunwole " and higher than that of Rahman et al.”?
The differences for NDF and ADL contents may be due to
diversity in agro-ecological condition, variety, soil fertility,
climate, and other environmental events.

Rice straw cell wall like other cell walls of plants consists
of cellulose, hemicellulose and lignin. Although these
components are broken down with cellulase, hemicellulase
and ligninase enzymes, these enzymes except for ligninase
are produced by microorganisms in the reticulorumen of
ruminants 2% Theander and Aman ?"'stated that rice straw
has higher leaves compared to that of other cereal straws
such as barley, oats and wheat. Vadiveloo ¥! reported that
IVDMD of the leaves and the stems was 50-51% and 61%,
respectively. Phang and Vadiveloo 2 stated that IVDMD
for the leaf and stem of rice straw in goats was 56.2%
and 68.5%, respectively. In the present study, IVDMD of
rice straw untreated and treated with cellulase were min
56.16+0.28 and max 60.43+0.23%. The difference in our
findings may be atributed to cellulase treatment of whole
rice straw including leaves and stem together.

The addition of fibrolytic enzymes in ruminant diets
can increase digestibility of forages and improve
productivity 3, Wang et al.”? reported that exogenous
fibrolytic enzymes have potential effect on improving
of in vitro fibre digestibility of barley straw. Wang et al.”!
and Salem et al.?” mentioned that exogenous fibrolytic
enzymes increase the DM and NDF digestibilities. Tang
et al.® reported that fibrolytic enzyme supplementations
improved the IVDMD and IVOMD of rice straw.

Beauchemin et al.”' suggested that treatment of dried
feeds with exogenous enzymes implemented in a liquid
form was important for adsorption of enzyme to provide
suitable attachment to feed material before feeding and
protection against proteolytic degradation in rumen. In
present study, while treatment with cellulase dissolved
in water and sprayed on rice straw at the level of 1.5 and
2% and incubated at room temperature (22°C) for 30 d
improved IVTDMD and IVTNDFDgy, (Table 1), NVTDMD and
IVTNDFDpy increased in treated groups incubated at 40°C
for 30 d (Table 2). These results were compatible with those
of Bowman et al.?¥, Yang et al.””? and Beauchemin et al.®
who reported incorporating exogenous fibre degrading
enzymes to diets improved digestion of DM and fiber in
ruminants.

Treatment with the fungi for increasing feeding value
of rice straw is difficult because of controlling the optimal
conditions for fungal growth and when the fungi grow,
they can produce some toxic metabolites. Therefore, new
commercial products will have important role in future for
ruminant nutrition ®, Fazaeli et al.”® and Rodrigues et al.1*”!
mentioned that enzyme treatment or its in combination
with other treatments can increase the digestibility of
cereal straw in ruminants. It was stated that IVDMD and

IVOMD had improved in rice straw treated with fungi 5%,
In the present study, treatments of rice straw with
increasing level of cellulase significantly improved IVTD e,
IVTDMD, IVTNDFDpy and IVTOMDpy compared to
untreated rice straw. This result was compatible with
the statements of the some researchers 253", [VTOMDpy
was the highest in RS+CEL2 incubated at 40°C for 30 d.
This result may be attributed to the cellulase level and
its activity resulted in changes in cell wall structure in
incubation.

Based on our findings, it may be concluded that cellulase
treated rice straw resulted in higher IVTDg tq, IVTDMD,
IVTNDFDpy and IVTOMDpy, values compared to untreated
rice straw. The best result was obtained with the highest
level of cellulase treatment (RS+CEL2) at 40°C when in vitro
true digestibilities were considered. Although cellulase
treatment improved the digestibility, further rice straw
treatment experiments with exogenous enzymes alone
and in combinations are required to improve digestibility.
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