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Abstract

Pleurotus florida is an edible mushroom that has commercial potential in the food
industry. The objective of this study was to investigate the possibility of producing
animal feed from sugarcane bagasse using P. florida. To this aim, sugarcane bagasse
was processed with P. florida. The experiment was designed in a completely
randomized design with four treatments: processed sugarcane bagasse, raw sugarcane
bagasse, wheat straw, and barley straw. This research was carried out under two in vitro
and in vivo conditions. In case of in vitro condition, it can be concluded that the
amount of dry matter, neutral detergent fiber (P < 0.01), and acidic detergent fiber
(P < 0.05) significantly decreased in processed sugarcane bagasse, and the amount of
crude protein (P < 0.05), organic matter, and crude ash (P < 0.01) significantly increased.
The result of in vivo condition showed that as a result of biological processing of
sugarcane bagasse with P. florida, the indices such as digestibility, voluntary feed intake,
and relative palatability index increased. The results of this study suggests that treated
bagasse could be used as an alternative roughage source for ruminant feeding.

Keywords: Animal feed, Sugarcane bagasse, Oyster mushrooms, Agricultural waste

Introduction
Currently there has been an increasing tendency towards more efficient utilization of

agro-industrial residues such as sugar cane bagasse, cassava bagasse sugar beet pulp,

apple pomace, etc. So far, various mechanical, physical, chemical, and biological

methods have been developed to utilize these residues as raw materials for the produc-

tion of chemicals, ethanol, single-cell protein, enzymes, amino acids, biologically active

secondary metabolites, etc. (Pandey, Soccol, Nigam, & Soccol, 2000; Pandey et al.,

1988). Agro-industrial residues, which are semiarid and actually contain lignocellulosic

material, are unsuitable for direct consumption by animals, and so they must be

treated both mechanically and chemically to become edible. Also, fiber residue is low

in nutritional value and need supplements to improve their nutritional value

(Chaudhry, 1998; Chaudhry & Miller, 1996). Cellulose and hemicellulose have a high

digestibility, but lignin gives them hard physical structure and resistance to digestive

enzymes. So far, a lot of research has been conducted to isolate lignocellulosic bonds.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

Journal of Global
Entrepreneurship Research

Mahmood Molaei Kermani et al. Journal of Global Entrepreneurship Research
           (2019) 9:52 
https://doi.org/10.1186/s40497-019-0174-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s40497-019-0174-2&domain=pdf
mailto:samanehbahrololoum@gmail.com
http://creativecommons.org/licenses/by/4.0/


Common methods are breaking down lignin components through chemical and bio-

logical methods (Moyson, 1991). However, there are many reports that show feeding al-

kali-treated sugarcane bagasse (SB) increased feed intake and body weight of ruminant

(Carvalho et al., 2013). In recent decades, more attention has been given to enrichment

of lignocellulose materials as a means of biological method for enrichment. Reports in-

dicate that wheat straw processing using ligninolytic fungus, Pleurotus ostreatus, can re-

duce lignin, increase crude protein, and improve its digestibility. Oyster mushrooms are

primary saprophytes, and it can decompose dead plant and animal tissue by releasing

enzymes (Ardon, Kerem, & Hadar, 1996). SB is one of many fibrous residues remaining

after the extraction of juice from cane stem and could be used as feed for animals (Yu

et al., 2013). It has been reported that SB contain low protein (< 3% DM), high cellulose

(> 40% DM), hemicellulose (> 35% DM), and lignin (> 15 % DM), and low digestibility

(20–30 % DM) (da Costa, de Souza, Saliba, & Carneiro, 2015; Gunun et al., 2016).

These attributes result poor animal performances, but through the development of

physical, chemical, and biological treatments to disrupt the lingo-cellulose complex, po-

tential use of SB as a feed may be realized (Okano et al., 2006; Balgees et al., 2007).

Over the years, a large number of microorganisms such as yeasts, bacteria, and fungi

have been used to improve its performances. Among these, filamentous fungi, espe-

cially basidiomycetes, are the preferred choice for enzyme production and protein en-

richment and have been widely employed (Pandey et al., 2000). Abdollah et al. (2001)

developed a system whereby lignin biodegradation in lignocellulosic units are optimized

with the minimum loss of cellulose and the maximum loss of lignin, during a 21-day

solid-state fermentation of SB with Termitomyces sp., fortified with different concentra-

tions of sucrose and glucose. The maximum lignin loss of 27.0% and the minimum cel-

lulose loss of 8.5% occurred when the substrate was fortified with 5% glucose. Also, the

highest cow reticulorumen digestibility of 24.4%, compared with 11.5% of the raw SB,

was observed in this study. According to Zhang, Gong, and Li (1995), under solid-state

fermentation, the crude protein contents were increased from 24.1 to 32.3% and from

28.4 to 36.7% for Pleurotus ostreatus and Lentinus edodes spent compost media, re-

spectively. The crude fiber contents of the composts were significantly decreased, and

the in vitro digestibility of the crude protein was as high as 70 %; the total and essential

amino acid contents made up 73.3 and 37.1% of the crude protein, respectively. There-

fore, mushroom substrate is a potential source of nitrogen for poultry and animals.

Materials and methods
Producing processed bagasse

Processed SB was prepared by adding lime and oyster mushroom (Pleurotus florida)

spawn seed to raw SB. Raw SB is slightly acidic, so lime was added to adjust the pH,

then the SB was pasteurized for 12 h at 60 °C under water vapor. After 12 h of

pasteurization, for pre-fermentate, the SB was kept in the pasteurization room for 48 h

at 48 °C. Pasteurized compost was inoculated with 5% spawn at 30 °C, then transferred

to nylon bags in dimensions of 65 × 40 cm. After 30 days of inoculation, the bags con-

taining mycelium were transferred to the drying room. Over the bagasse processing,

dried layers were collected and stored (Wanapat and Pimpa 1999; Wanapat et al.,

2009).
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Chemical composition and in vitro digestibility

In order to evaluate the digestibility of processed SB with P. florida and compare it with

other available forage, raw SB, wheat straw, and barley straw, gas production experi-

ments were carried out using the Menke and Steingass (1988) method. In order to de-

termine the digestibility, in vitro gas production (IVGP), crude protein (CP), and

animal waste ashes (AWA) were measured in the following ways: the crude protein was

determined by the Kjeldahl method described by the AOAC (1998). Animal waste ashes

were determined by the protocol described by the AOAC (1998). Then, incubations

were completed using 40 ml of buffered rumen fluid. Approximately 200 mg of feed

was weighed and placed into a 120-ml graduated glass syringe according to Menke and

Steingass (1988). Buffer and mineral solution was prepared and placed in a water bath

at 39 °C under continuous flushing with CO2. Rumen fluid was collected from animals

into a pre-warmed thermos flask, and then filtered and flushed with CO2. The mixed

and CO2-flushed rumen fluid was added to the buffered mineral solution (1:2 (v/v)).

Buffered rumen fluid (40 ml) was pipetted into each syringe containing feed samples,

and the syringes were immediately placed into an incubator with a rotating disc, as

described in Menke and Steingass (1988). Then, gas production was recorded at 2,

4, 8, 12, 16, and 24 h of incubation. The volume of producing gas at any time was

calculated according to Theodorou, Williams, Dhanoa, McAllan, and France (1994).

Finally, in vitro organic matter digestibility (IVOMD) was calculated as described

by Menke and Steingass (1988):

IVOMD g=100g DMð Þ ¼ 14:88þ 0:889� IVGPð Þ þ 0:448� CPð Þ þ 0:651� XAð Þ

where IVGP is the total volume of produced gas from 200 gr of feed sample after 24 h

(ml/200 gr), CP is the crude protein content (gr/100 gr of dry matter), and XA is the

amount of ash (gr/100 gr of dry matter).

Voluntary feed intake and in vivo digestibility

In this experiment, five Baluchi male sheep with an average weight of 37 ± kg were

used. These sheep were placed separately in five locations, each location with four man-

gers containing four separate forages: 300 gr of alfalfa, 200 gr straw, 200 gr raw bagasse,

and 200 gr processed bagasse per daily serving. The positions of the mangers were

changed daily and randomly in order to achieve best possible randomization. The ex-

periment was conducted in the 21-day period, and feed intake was measured daily. In

the last 5 days of the period, in addition to measuring the amount of feed remaining,

the stool of each livestock was collected during 24 h; also, water intake was measured

every 24 h. The relative palatability index (Pi) was measured based on the amount of

alfalfa being consumed as a standard feedstock according to Kaitho et al. (1996).

Pi ¼ Ti=Aið Þ= T1=A1ð Þ

where Pi is the relative palatability index, T1 is the amount of eaten alfalfa, A1 is the

amount of given alfalfa, Ti is the amount of consumed feed, Ai is the amount of given

feed, and i is the other feed such as raw bagasse, processed bagasse, wheat straw, and

barley straw. Chemical composition and in vitro digestibility were calculated by meas-

uring the amount of dry matter (DM) as described by the AOAC method (AOAC,

1998); organic matter (OM), crude protein (CP), crude protein digestibility, and crude

Mahmood Molaei Kermani et al. Journal of Global Entrepreneurship Research            (2019) 9:52 Page 3 of 8



ash (ASH) were determined by the Kjeldahl method as described by the AOAC (1998).

Acid detergent fiber (ADF) and neutral detergent fiber (NDF) was calculated by the

method as described by Van Soest, Robertson, and Lewis (1991). The acid-insoluble

ash (AIA) of feed and the stool was calculated by the method as described by Vogt-

mann, Pfirter, and Prabucki (1975).

Digestibility ¼ 100− feed AIA=stool AIAð Þ � 100ð Þ

where AIA is acid-insoluble ash.

Statistical analyses

The experiment was conducted in a completely randomized design (CRD) with four

treatments and five replications. Differences between treatment means were determined

by Duncan’s new multiple range tests (Steel & Torrie, 1980), and significant effects

were identified at P < 0.01 and P < 0.05 levels.

Results and discussions
Chemical composition and in vitro digestibility

Table 1 shows that there was a significant difference between the four fibrous materials,

processed bagasse, raw bagasse, wheat straw, and barley straw, in the case of the con-

tent of crude protein (CP), neutral detergent fiber (NDF), acidic detergent fiber (ADF),

crude ash (ASH), dry matter (DM), and in vitro organic matter digestibility (IVOMD).

In this experiment, the amount of CP content of treated SB was significantly increased

(P < 0.01); these results were in agreement with Ardon et al. (1996). Since fungus has a

fairly high protein content, typically 20–30% of crude protein as a percentage of dry

matter, the observed increase in CP content could be attributed to the addition of my-

celial protein to the SB and the secretion of protease enzymes by the fungus (Ardon et

al., 1996; Chahal & Khan, 1991).

The in vitro organic matter digestibility (IVOMD) was significantly (P < 0.01) in-

creased by processing with fungi, a large part of the raw fiber, and insoluble com-

pounds were degraded by the fungus enzymatic process and converted into soluble

materials. According to result, due to the reduction in the dry weight, neutral detergent

fiber (NDF), and acidic detergent fiber (ADF), the degradable and water-soluble portion

increased (Table 1), which is in agreement with the results of Fazaeli et al. (2004), who

reported that IVOMD increased in the wheat straw that was treated with the P. florida

mushroom. Also, the results showed that there is a significant difference (P < 0.01) be-

tween various fibrous materials and the amount of in vitro gas production (IVGP). In

this experiment, the least amount of IVGP was observed in raw bagasse and the highest

was observed in processed bagasse. Menke and Steingass (1988) and Liu, Orskov, and

Table 1 The effect of four fibrous materials in CP, NDF, ADF, ASH, DM, and IVOMD content

Source of variance df CP NDF ADF ASH DM IVOMD

Fibrous materials 3 4.07* 0.06** 0.004* 64.43** 0.006* 273.6**

Standard error 12 0.016 0.021 0.0002 0.03 0.004 1.80

ns not significant
*P < 0.05
**P < 0.01
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Chen (1999) have shown that there is a relationship between gas production and

soluble carbohydrates.

Voluntary feed intake and relative palatability

Inoculation sugarcane bagasse with P. florida caused a significant increase in the volun-

tary feed intake compared with raw bagasse. This result can be due to chemical changes

such as cell wall decomposition in bagasse during the solid fermentation process and

consequently increasing in bagasse palatability (Table 2). This result corroborates with

Ardon et al. (1996), Dhanda, Garcha, Kakkar, and Makkar (1996), and Fazaeli (2008), who

reported that the ruminant fed with fungus-infected bagasse as roughage sources had a

higher voluntary intake compared to raw bagasse feeding (P < 0.01), and this could be due

to the high fiber content in processed bagasse which affected the intake of animals. This

means that treated SB could improve the nutritive value and potentially be used as a high-

quality roughage source for the ruminant. Due to processing bagasse with mushrooms,

this effect avails the rumen microbes to attack the structural carbohydrates more easily,

improve digestion in the rumen, increase feed passage through the digestive system, and

increase feed intake and digestibility, as well as the palatability of treated bagasse (Bakshi,

Gupta, & Langar, 1985). The result of Table 2 indicates that the relative palatability index

(pi) of processed bagasse has increased as a result of biological processing with P. florida

compared to raw bagasse.

The results of apparent digestibility of dry matter, organic matter, and protein were

calculated and the results are presented in Table 3.

The highest percentage of processed bagasse is assigned to diets no. 5 (25%), 2 (24%),

1 (23%), 4 (21%), and 3 (19.5%) respectively. On the other hand, diets 4 (9%), 2 (7%), 3

(3%), 5 (2%), and 1 (1/5%), respectively, have the highest relative percentages of raw

bagasse in the diet. Table 3 shows that the highest percentage of apparent digestibility

of dry matter, organic matter, and protein were obtained in diets no. 2 and 5 with the

highest percentage of relative processed bagasse, and the least percentage was obtained

in diets no. 3 with the least percentage of relative processed bagasse. The results of

Table 3, as well as the correlation analysis, show that there is a positive correlation

between the percentage of processed bagasse in all diets and the apparent digestibility

of dry matter, organic matter, and protein, as increasing the percentage of processed

bagasse in two rations of 5 and 2, the highest apparent digestibility of dry matter,

organic matter, and protein was observed. On the other hand, diet no. 3 with the lowest

percentage of processed bagasse in all diets, although, has the lowest apparent

Table 2 The result of dietary treatments on voluntary feed intake

Diets, no. Alfalfa (%) Straw (%) Row
bagasse (%)

Processed
bagasse (%)

Relative palatability index (pi)

Alfalfa and
straw

Row
bagasse

Processed
bagasse

1 45.317 30.211 1.510 22.960 1 0.05 0.76

2 41.436 27.624 6.629 24.309 1 0.24 0.88

3 46.583 31.055 2.795 29.565 1 0.09 0.63

4 41.782 28.855 4 21.169 1 0.33 0.76

5 43.731 29.154 1.749 25.364 1 0.06 0.87
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digestibility of dry matter, organic matter, and protein, despite having the highest

percentage of alfalfa.

Conclusions
In conclusion, inoculation of sugarcane bagasse with P. florida could improve the

nutritive value and increase digestibility, voluntary feed intake, and relative palatability

index (pi). This study suggests that processed bagasse could be used as an alternative

roughage source for ruminant feeding. The results show that the best economical and

nutritional value was obtained with processed bagasse compared with wheat straw and

barley straw. Considering the current prices, as the grain costs twice as much as the

processed bagasse, so using the processed bagasse with P. florida is economically

viable.
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