Ruminal degradability of wheat straw Colonized by Pleurotus ostreatus under mushroom growing conditions
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Abstract

 An experiment was conducted using pleurotus ostreatus mushroom growing conditions. Chopped and pressure-pasteurized wheat straw in the form of compost was seeded with mushroom mycelium. For in situ measurements polyester bags with the pore size of 40 µm were incubated in the rumen of 4 permanently ruminal fistulated Holstein steers, for 0, 2, 4, 8, 16, 24, 72 and 96 hrs. According to this equation p = a+ b (1-e –ct), the fraction for dry matter was highest (p < 0.05) for the straw under the mushroom conditions for 12 weeks (0.188 g/g for the week 0 vs. 0.342 for the week 12). In contrast, the b value significantly (p < 0.05) reduced from week 0 to 12 (0.487 vs. 0.336 g/g). The value for crude protein and NDF parameters increased linearly with increasing the growing period. Although, the c rates were significantly different between the samples from week 0 to 12, but this constant was not affected for CP and NDF. It was concluded that generally rumen degradability of different nutrients can be increased by growing the p. ostreatus, although, the c rate was independent. The results showed that straw seeding with p. ostreatus was more effective for longer period.
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Introduction

Mushroom production has been increased in Iran recently and the residual compost can be an environmental danger. Its utilization as ruminant feed could be a recommended strategy. Pleurotus ostreatus is the typical variety of mushrooms from the wild that is used by the people as food source (Longvah and Deosthat, 1998). It has been shown that spent P. ostreatus compost may be used as apart of ruminant diets. Some authors suggest that straw in the form of compost degraded by enzymes during mushroom production can be more easily digested by ruminants (Yong et al., 1993). The aims of this work were investigation the changes of chemical composition and in situ ruminal degradability of wheat straw colonized by P. ostreatus under mushroom growing conditions.

Material and Methods

Wheat straw was chopped to 3-4 cm long pieces and soaked for 24 h in cold water and then pasteurized and inoculated with mycelium of P. ostreatus at an amount of 2% of the substrate fresh weight. The inoculated substrate was packed into polyethylene bags of 3 kg. Mycelium incubation was done at a temperature of 24 °c, with relative air humidity of 85°c. Straw samples were analyzed before mycelium inoculation (day 0), and on days 21, 42, 63 and 84 after inoculation (Adamovic´ et al., 1998; Fritsche, 1979). Samples were dried in a forced – air  oven (56°c), ground to pass a 2 mm screen  and analyzed for dry matter (DM), organic matter (OM), neutral detergent (NDF) and acid detergent (ADF) fiber (Van Soest et al., 1991), organic matter, Crude protein (CP) and Lignin (AOAC, 2000).

For in situ measurements, four Holstein steers (24 ± 3 months of age and 450 ± 11 kg of body weight) with permanent ruminal fistula which were housed individually in concrete floored pens used the steers were fed at 8:00 and 16:00 hrs with a TMR diet. The dried samples (5 g) were weighed into 12 cm × 19 cm Polyester bags. Eight bags were prepared for each sample and each incubation time. Ruminal incubation times were 0, 2, 4, 8, 16, 24, 72, and 96 hrs. All bags were inserted at the same time, just before the morning feeding. At the end of each incubation period, bags were rinsed with cold tap water until the rinse water was clear. Zero time disappearance was obtained by washing unincubated bags in a similar way. All washed bags dried in a forced – air oven (Memmert 854) at 56°C for 48 hrs. Disappearance of DM and CP for each incubation time was calculated from the proportion remained after incubation. Dried samples were also analyzed for OM and NDF.

Degradation of DM, CP, OM and NDF was calculated using this equation of Ørskov and McDonald (1979) P = a + b (1- e-ct). Data of ruminal disappearance were analyzed by SAS V9.1 using GLM procedure as a completely randomized design. 

Results and discussion

The chemical composition of the straw samples was shown in Table 1.  The fraction for dry matter was lowest (P<0.05) for wheat straw on the final day (day 84) of mushroom growing (140.2 g kg-1). Crude protein content increased significantly after mushroom growing, from 46.6 g kg-1 on day 0 to 50.90g kg-1 on day 84. Organic matter content significantly decreased from 91.14 to 84.47 percent on the final day of mushroom growing (day 84). NDF content of the wheat straw were 719, 690, 669, 612 and 550 g kg-1 for the day, 0, 21, 42, 63 and 84 after seeding, respectively. A Similar tendency was found for ADF 474, 456, 443, 416 and 387 g kg-1 for the respective samples. The differences between these means were significant P<0.05. Lignin content of the wheat straw reduced significantly following seeding; the rate was about 0.27% day -1. The obtained results showed that a substantial part of cell-wall components including NDF, ADF and partially lignin were degraded by the mushroom enzymes. 

Table2.changes in chemical composition of wheat straw incubated with 

P. ostraontus myceluim (g kg DM-1)
	DI
	DM
	CP
	OM
	NDF
	ADF
	Lignin(sa)

	0
	940.47a
	46.60d
	91.14a
	719a
	474a
	98.5a

	21
	160.33b
	46.36d
	90.64a
	690b
	456b
	97a

	42
	158.93b
	47.83c
	89.42b
	669c
	443b
	87.5b

	63
	160.00b
	49.46b
	87.38c
	612d
	416c
	75.5c

	84
	140.20b
	50.90a
	84.47d
	550e
	387d
	68.5d


DI: days after incubation; Lignin (sa): Lignin determined by solubilization of fiber.

According to the Ørskov and McDonald equation (1979), the fraction for dry matter was highest (P<0.05) for the straw under the mushroom conditions for 84 days (0.188 g/g for the day 0 VS. 0.342 for the day 84, Table 2). In contrast, the b value significantly (P<0.05) reduced from day 0 to 84 (0.487 vs. 0.336 g/g). The rapidly degradable CP and NDF fractions (g/g) increased linearly and significantly with increasing the growing period, but the slowly degradable for both fractions (g/g) decreased significantly (P<0.05) from day 0 to 84. The rapidly degradable fractions of OM and NDF of the colonized wheat straw for day 0 (0.149 and 0.032, respectively) were lower than that for day 84 (0.310 and 0.086, respectively). In contrast, the b value of OM and NDF (g/g) significantly (P<0.05) reduced with increasing the growing period of samples from day 0 to 84, but this constant was not affected for CP and NDF components.

The presented results suggest that generally rumen degradability of different nutrients can be increased by growing the p. ostreatus, although the c rate was independent. The results also showed that nutritive values of cell-wall components of wheat straw colonized by p. ostreatus not only depend on increased its digestibility due to higher delignification but also on the availability of polysaccharide fractions remaining as energy source for the ruminal microorganisms. Furthermore, the increased CP content of wheat straw from mushroom residues can enhance the growth of lignocellulotic microbes, and performing the higher feeding value.

Table 3. In situ degradability of different nutrients of wheat Straw incubated 

With p. ostreatus

	Parameters
	Days after incubation

	
	0
	21
	42
	63
	84

	DM
	
	
	
	
	

	a
	0.188e
	0.195d
	0.224c
	0.289b
	0.342 a

	b
	0.487 a
	0.495b
	0.473a
	0.392 b
	0.336 c

	c
	0.019 b
	0.021b
	0.021b
	0.024 ab
	0.029 a

	CP
	
	
	
	
	

	a
	0.101 e
	0.117 d
	0.153 c
	0.229 b
	0.276 a

	b
	0.408 a
	0.379 a
	0.375 a
	0.315 b
	0.267 b

	c
	0.020 a
	0.022 a
	0.020 a
	0.022 a
	0.030 a

	OM
	
	
	
	
	

	a
	0.149 e
	0.168 d
	0.191 c
	0.256 b
	0.310 a

	b
	0.496 a
	0.504 a
	0.482 a
	0.418 b
	0.375 b

	c
	0.019 a
	0.022 a
	0.023 a
	0.024 a
	0.026 a

	NDF
	
	
	
	
	

	a
	0.032 c
	0.028 c
	0.056 b
	0.064 b
	0.086 a

	b
	0.583 a
	0.612 a
	0.603 a
	0.580 a
	0.573 a

	c
	0.021 a
	0.022 a
	0.021 a
	0.023 a
	0.021 a


Values with different superscripts with in rows indicate significant differences (P<0.05).

Conclusion

It was concluded the wheat straw as a suitable mushroom compost can be used as a feed for ruminants with high feeding value in comparison with the untreated straw. 
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