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Background and Objectives: Fiber materials often have little
digestibility due to the presence of cell wall compounds (cellulose,
hemicellulose, and lignin) and this problem is the reason for longer
retension of edible materials in the rumen, reducing feed consumption,
digestibility and production in ruminants. For this reason, studies have
sought to find a way to increase the digestibility and degradability of
fiber materials in the rumen. In the last few decades, the use of electron
beam irradiation in animal nutrition studies has received attention. In
various studies, it has been proven to improve degradability parameters
and increase the attachment of bacteria to fiber particles of materials
due to the use of electron beam methods. Conducting this research, a
new horizon of the application of this industry in animal nutrition
study, can be a starting point for further research in this field.
Therefore, this study aimed to investigate the effects of electron beam
on the parameters of degradability, particle size distribution, and
relative abundance of fibrolytic bacteria in wheat straw, barley straw,
and sugarcane bagasse in ruminant nutrition.

Materials and Methods: In this study, feed samples including wheat
straw, barley straw, and sugarcane bagasse were irradiated with three
different doses of 0, 250, and 500 kGy. To perform this study, 3 fistulad
Shall breed sheep with a mean weight of about 59 kg and a mean age of
about 12 months were used to determine the parameters of
decomposition. For each sample at any given time, four bags
(replicates) were prepared and placed in the rumen of at least two
fistula sheep for 4, 8, 12, 24, 36, 48, 72, and 96 hours. The sheep were
housed in a covered and semi-open place, inside a metabolic cage with
a ration slightly more than the maintenance level. To investigate the
effects of electron beam irradiation on particle size, particle size
distribution was determined using particle separator sieves. For this
purpose, the Pennsylvania system with 3 sieves with pore diameters of
19, 8, and 1.18 mm was used. Nylon bag technique and two molecular
and isotopic methods were used to determine the adhesion of rumen
bacteria to wood particles. To observe the condition of the cell wall of
materials, scanning electron microscope was used. For this purpose,
each feed sample was photographed with three different doses (0, 250,
and 500 kGy) and with X800 magnification.




Results: The results of the effect of electron radiation on the
degradability parameters of acid detergent fiber (ADF) of wheat straw,
barley straw, and sugarcane bagasse showed that there is a significant
difference between the experimental treatments in the sections of
rapidly degradable fraction, slowly degradable fraction, constant rate of
degradation, and effective degradability with different outflow rates
(P<0.05). Irradiation in wheat straw at levels of 250 and 500 kGy,
compared to the control group, caused a significant increase in the
rapidly degradable fraction (5.09 vs. 1.42%), constant rate of
degradation (4.50 vs. 3.10%) and effective degradability with outflow
rates of 0.02 (25.45 vs.14.30%), 0.05 (19.02 vs.9.53%), and 0.08 (15.67
vs.7.34%) (P<0.05). Irradiation in barley straw at the levels of 250 and
500 kGy compared to the control group, caused a significant increase in
the rapidly degradable fraction (6.45 vs. 2.45%), slowly degradable
fraction (32.91 vs. 20.37%), and effective degradability with outflow
rates of 0.02 (24.73 vs.12.39%), 0.05 (17.42 vs.8.27%), and 0.08 (14.28
vs.6.19%) (P<0.05). Also, irradiation in sugarcane bagasse at the level
of 500 kGy compared to other treatments, caused a significant increase
in degradability parameters in slowly degradable fraction (43.07 vs.
31.27%) and effective degradability with outflow rates of 0.02 (33.29
vs. 21.12%), 0.05 (23.68 vs.14.50%), and 0.08 (20.51 vs.11.89%). The
results of electron beam irradiation effect on particle size distribution
showed that there was no significant difference between experimental
treatments. The results of the effect of electron irradiation on the
relative frequency of ruminal fluid fibrolytic bacteria showed that there
is a significant difference in the relative frequency of Ruminococcus
flavofcins and Fibrobacter succinogenes between experimental
treatments (P<0.05). By increasing the radiation level up to 500 kGy,
the relative frequency of R. flavofcins bacteria increased in repetition 3
(15.01 vs. 3.84) and repetition 5 (27.77 vs. 11.54) and F. succinogenes
in repetition 1 (14.83). vs. 4.80) and repetition 2 (25.21 vs. 14.62) was
observed, which was significantly higher than the control group
(P<0.05). Scanning electron microscope images with different doses
showed that by increasing the level of radiation up to 500 kGy, a
significant increase in the creation of holes and surface fractures of the
fibers was observed (P<0.05).

Conclusion: The general result of the present study showed that
irradiation of wheat straw, barley straw and sugarcane bagasse fibers at
500 kGy levels improved the parameters of degradability and increased
the relative abundance of fibrolytic bacteria.
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Table 1. Ingredients and chemical composition of diet used in the study (%DM)
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"Mineral vitamin mix composition: 500,000 IU/kg of vitamin A; 100,000 IU/kg of vitamin D3; 1.0 g/kg of vitamin E;
Mineral mineral mix composition: Mg; 180 g/kg of Ca; 90 g/kg of P; 20 g/kg of Mn; 60 g/kg of Na; 2.0 g/kg of Mn;
3.0 g/kg of Zn; 1.0 g/kg of Co; 1.0 g/kg of Se; 1.0 g/kg of I; 3.0 g/kg of Antioxidants.
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Table 2- The effect of electron beam irradiation on the ADF degradability parameters of wheat straw, barley straw,
and sugarcane bagasse
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Table 3- The effect of electron irradiation on particle size distribution of wheat straw, barley straw, and sugarcane bagasse
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The effect of electron irradiation on particle size distribution of wheat straw
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The effect of electron irradiation on particle size distribution of barley straw
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Table 4- The effect of electron irradiation on the relative abundance of fibrolytic bacteria during 3 hours of
incubation (per gram of rumen liquid contents)
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Figure 1- Scanning electron microscopy images of wheat straw incubated for 12 hours before
(control) and after irradiation with doses of 250 and 500 kGy, respectively.
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Figure 2- Scanning electron microscopy images of barley straw incubated for 12 hours before (control) and after
.rradiation with doses of 250 and 500 kGy, respectively
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Figure 2- Scanning electron microscopy images of sugarcane bagasse incubated for 12 hours before (control) and
.after irradiation with doses of 250 and 500 kGy, respectively
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