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Abstract
The goal of this research was to improve the nutritive value of local wheat
straw (WS) through treatment with fungi Pleurotus and to determine the nutrients digestibility using DaisyII technique. Results showed that fungal treated
WS had more (P < 0.05) levels of dry matter (DM), ash and phosphorus (P)
compared to the untreated WS. Moreover, fungal treatment had significant
effect on reduction (P < 0.05) of crude fiber, acid detergent fiber (ADF) and
neutral detergent fiber (NDF), and resulted in significant increase (P < 0.05)
in crude protein (CP) content. Fungal treatment increased digestibility of
DM, CP, NDF, ADF and gross energy (GE) by 12%, 27%, 28%, 2% and 12%,
respectively. It can be concluded that fungal treatment has an advantage in
upgrading raw WS.
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1. Introduction
Since animal feeds are very expensive and considered as one of the most important obstacles that decrease the profitability of livestock projects in Palestine, it is
urgent to try new alternatives feeds in order to reduce the problem of feed costs
as possible. The high cost of feeds is one of the major obstacles facing local livestock projects. Several researches were conducted locally where some local
by-products were incorporated in small ruminant rations. Results of feeding rations with by-products showed the economic feasibility of adoption of this practice. Wherever crops, crop residues and by-products are wasted, the consequences are excessive imports of feeds and environmental problems. Examples
on important local crop residues and agricultural by-products are wheat straw,
DOI: 10.4236/ojas.2021.113027 Jun. 17, 2021

376

Open Journal of Animal Sciences

Z. Ahmed et al.

citrus pulps, tomato pulp, poultry litter and by-products of olive trees.
In Palestine, more than 34 thousand tons of soybean meal (SBM) and about
80 thousand tons of grains (corn or barley) are used in different livestock rations
annually [1]. The cost of these major feed ingredients is increasing causing a big
increase in production cost. It was approved by local research that a large number of local by-products (wheat straw) can be used with positive impact in livestock feeding especially when undergoing appropriate treatments [1] [2] [3].
Fungal treatment is a recent technique that could be applied to upgrade the
low quality WS as ruminant feed ingredient [4] [5], however, several species of
fungi were identified for this purpose [6].
The utilization of Pleurotus in treatment of wheat straw to be used as animal
feed was first described by Schanel et al. [7]. The chemical composition of the
roughage is keeping changes throughout the growth of the fungi. The growth of
the fungi is gained through the utilization of soluble nutrients in the colonized
straw [8] [9]. This process resulted in improvement in dry matter digestibility
and significant reduction in lignin content. The improvement in digestibility was
influenced by type of fungi [10], temperature, content of water and concentration
of nutrients [11] [12], composition of the gaseous phase and substrate pretreatment [13] [14].
The objective of this research was to investigate effects of fungal treatment on
WS feeding value and in vitro digestibility utilizing the DaisyII technique.

2. Materials and Methods
Raw wheat straw was obtained from local source at Tulkarm city, Palestine and was
transported to the faculty of agriculture farm and a portion was chopped to 1 cm
pieces, another portion was grounded in a feed mill to be ready for later analysis.

2.1. Treatment of Wheat Straw
Chopped WS was soaked in tap water for 24 h, in steel water pools of size 0.3 ×
0.5 × 0.3 m (depth, length and width). The soaked straw was removed and
packed in a steel barrel (20 liter volume) for pasteurization. Barrel contained
about 2 liters of tap water at the bottom and about 2 kg of soaked straw. Straw
was exposed for one hour to the steam generated by heating the barrel.
Wheat grain spawn of Pleurotus, was used to inoculate the straw. In the
spawning room, the pasteurized straw was spread in a steel sheet and mixed with
the spawn at a rate of 0.08 kg spawn per 2 kg straw (fresh weight basis) [15]. The
treated straw was placed in polyethylene bag and transferred into the fermentation room where maintained at 28˚C. The relative humidity of the room was
maintained at 80%.
The fermentation period maintained for six weeks then bag was removed
from the fermentation place for sun drying for one week.

2.2. DaisyII In Vitro
A filter bag technique (DaisyII; Ankom Technology Corporation, Fairport, NY,
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USA) was used for determination of dry matter and fiber fractions digestibility.
The incubator consists of four glass fermentation jars that are placed on rotation racks in the cabinet. Sample size used was 0.5 g per bag with 24 bags per
incubation jar. Each run contained one replicate of the experimental forage
samples (3 samples) as well as two standards and two blank bags. Samples were
heat sealed (Heat sealer #1915; ANKOM Technology Corporation, Fairport, NY,
USA) in filter bags (DaisyII technique, Ankom filter bags (F57, 5.0 cm × 5.5 cm),
placed in jars, and incubated for 48 h at 39˚C in a buffer-inoculum solution using techniques similar to those described in detail by Vogel et al. [16] and Holden [17]. Buffer solution (1600 mL) and rumen inoculum (400 mL) were added
to each jar, the jars purged with CO2. After incubation, the buffer-inoculum was
drained from the jars and the filter bags were gently squeezed against the sides of
the jar to remove the gas trapped in the inflated bags. The bags were rinsed in
jars with three changes of warm tap water [17] and then removed and boiled in a
neutral detergent solution [18] for 80 min using an Ankom200 fiber analyzer
(ANKOM Technology Corporation, Fairport, NY, USA).
Filter bags were removed from jars and soaked in acetone for 5 min, air-dried,
then stored for at least 12 h in a 100˚C oven, cooled in a desiccator, and weighed.

2.3. Preparation of the Rumen Inoculum
Ruminal inoculum was obtained from two rumen cannulated rams consuming a
diet containing 120 g/kg CP, 560 g/kg NDF, dry matter basis. Ruminal contents
(1 L per ram) were obtained approximately 30 min after feeding and placed in a
pre-warmed (39˚C) thermos.
Ruminal contents were brought into the laboratory, immediately strained
through four layers of cheese cloth into a conical flack, and placed in a 39˚C water bath.

2.4. Calculation of Dry Matter and Neutral Detergent Fiber
Digestibility
DaisyII dry matter digestibility values (DMD) were calculated as follows:

(1 − ( W 3 − {W 1× C1} ×1000) (W 2 × DM )) ,

where W1 is the filter bag weight, W2 is the sample weight (as is), W3 is the final
weight (filter bag + residue) after in vitro or in situ and sequential treatment
with NDF solution, C1 is comparison of blank filter bag after and before digestion treatment weight, and DM is the dry matter content (g/kg) of samples.
Neutral detergent fiber digestibility (NDFD) was calculated using the following equation:

(1 − (( W 3 − {W1× C1} ×1000) (W 2 × NDF))) ,

where W1 is the filter bag weight, W2 is the sample weight (as is), W3 is the final
weight (filter bag + residue) after in vitro or in situ and sequential treatment
with NDF solution, C1 is comparison of blank filter bag after and before digesDOI: 10.4236/ojas.2021.113027
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tion treatment weight, and sample NDF content (g/kg in as is sample).

2.5. Chemical Analysis
Following AOAC [19] procedures, samples were analyzed for DM (100˚C in
air-forced oven for 24 h; method 967.03), ash (550˚C in ashing furnace for 6 h;
method 942), CP (Kjeldahl procedure), Additionally, samples were analyzed for
neutral detergent fiber (NDF; with heat stable-amylase and sodium sulfite) and
acid detergent fiber (ADF; ANKOM2000 fiber analyzer, ANKOM Technology
Corporation, Fairport, NY, USA) according to Van Soest et al. [18].

2.6. Statistical Analysis
Differences among treatment means for significant dietary effect were detected
using the LSD procedure of SAS [20]. Unless otherwise stated, significance was
declared at P < 0.05.

3. Results and Discussion
The low quality roughage like wheat straw is insufficient to fill the energy requirement for ruminants despite their unique and highly efficient digestive system. Roughages must be properly processed or treated in some way to make
them useful for production.
Results of this research showed that fungal treated wheat straw had more (P <
0.05) DM, ash and P contents compared to the untreated wheat straw.
Results showed that fungal treatment had significant effect on reduction (P <
0.05) of crude fiber, ADF and NDF and resulted in significant increase (P < 0.05)
in crude protein content of WS (Table 1). Treatment with fungi resulted in lower NDF by 7.5% (73.5% vs. 66.0%), ADF by 6.6% (54.6% vs, 48%), ADL by 5.6%
(14.6% vs. 9.0%) (Table 2). It is clear that the fungal treatment improved the
nutritive value of WS through lowering the cell wall content fractions as indicated by NDF, ADF and ADL values. Similar results were reported by Fazaeli
Table 1. Chemical composition (% of DM) of raw and fungal treated wheat straw.
Parameter

UWS

TWS

DM

85.0

93.0a

Ash

7.7b

8.0a

CP

4.2b

5.5a

NDF

73.5a

66.0b

ADF

54.6a

48.0b

ADL

14.6a

9.0b

Ca

0.44b

0.60a

P

0.12b

0.20a

b

Values with different manuscript are significantly different at the (P < 0.05) level. UWS: untreated wheat
straw; TWS: treated wheat straw; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin.
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Table 2. The DaisyII digestibility of raw and fungal treated wheat straw.
UWS

TWS

DM

0.51

b

0.57a

CP

0.44b

0.56a

NDF

0.32b

0.41a

ADF

0.30b

0.36a

GE

0.51b

0.57a

Values with different manuscript are significantly different at the (P < 0.05) level. UWS: untreated wheat
straw; TWS: treated wheat straw; NDF: neutral detergent fiber; ADF: acid detergent fiber; GE: gross energy.

et al. [21]. The higher ash content in treated WS may be due to the added minerals that associated with fungus used.
Shahzad et al. [10] showed that fungal treatment of WS increased CP and ash
contents while cell wall contents were reduced. Similar effect of fugal treatment
is on improving crude protein value in pea nut husk [22].
Arora and Sharma [23] observed that P. brevispora was found to be the best
organism that significantly enhanced the in vitro feed digestibility. In another
experiment, 50% increase in in vitro digestibility of WS was observed with P.
floridensis. Sharma and Arora [24] and Okano et al. [25] observed an increased
in vitro digestibility of Madake bamboo (Phyllostachys bambusoides) when
treated with white rot Ceriporiopsis subvermispora for 10 weeks in solid state
fermentation chamber.
The dry matter digestibility of fungal treated WS in our study was improved
by 12% which was higher than that (7% and 10%) reported by Shahzad et al. [10]
and Fazaeli et al. [26], respectively. Similar trend was observed in higher digestibility of crude protein, NDF, ADF and gross energy where the digestibility of
these parameters were 27%, 28%, 2% and 12%, respectively (Table 2).
Zadrazil, [5] reported that in vitro digestibility of WS was increased by 25.5%
when treated with some strains of Pleurotus, while other strains a 13.8% reduction in vitro digestibility.
Results from previous research concluded that improvement in in vitro dry
matter digestibility was more than 7% [21] [26] [27] [28]. In a study by Calzada
et al. [9] the in vitro dry matter digestibility was improved up to 29.5% and a
significant reduction in lignin content.
The variable effects fungal treatment of WS might be explained by the existence of many species and strains of fungi in nature and the differences in fungi
activity with the raw WS.

4. Conclusion
Quality of WS can be improved by fungal treatment as shown in nutrient contents and digestibility. Several attempts should be applied in this regard to reach
best results. It is important to specify the best fungus strain and the appropriate
inoculation rate to achieve the objective of improving the straws nutritive value.
DOI: 10.4236/ojas.2021.113027
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