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Abstract 

This study was carried out to investigate the impact of feeding Barki lambs on straw treated with Trichoderma 

harzianum and Trichoderma viride fungi on growth performance and protein digestibility. Ten male Barki lambs with 

an average weight of 26 kg were randomly allocated into two groups of five animals each. Lambs in the first group 

were fed untreated straw (control). While lambs in the second group were fed straw treated with Trichoderma 

harzianum (Th) and Trichoderma viride (Tv) fungi (treated group). All experimental animals were fed a concentrated 

diet and wheat straw at 2 and 1% of their live body weight, respectively, during the feeding trial, which lasted for 90 

days. At the end of feeding trial, a digestion trial was carried out on lambs to determine the total digestible nutrients 

(TDN), digestible crude protein (DCP), and nitrogen balance (NB). The results revealed that treating straw with Th 

and Tv fungi improved its chemical composition by increasing crude protein and decreasing fiber, and improved the 

average daily gain, growth rate, TDN, and DCP in male Barki lambs compared to untreated straw. 
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1. Introduction 

 
Agricultural and industrial wastes are 

considered one of the constant sources of 

feeding ruminants. One of the determinants 

of the use of these wastes in feeding 

ruminants is that these wastes are poor in 

nutritional such as proteins and vitamins. 

They also have low digestibility and 

palatability coefficients and a high content 

of fiber and lignin (Hassan et al., 1998a; 

1998b; Hassan et al., 1999; Hassan et al., 

2009). Therefore, the attention of 

researchers was directed to increase the 

benefit from it by treating it chemically 

and biologically, and it has been shown 

through studies that the use of biological 

treatment caused rough feed nutritional 

value improvement in many countries by 

using fungi and enzymes produced from 

them that work to break down Cellulosic 

and lignocellulosic bonds, saving effort 

and money, and reducing pollution with 

chemicals  (Eun et al., 2006; Fazaeli et al., 

2006; Hassan et al., 2008; Rodrigues et al., 

2008). This study aimed to enhance wheat 

straw nutritional value by treating it by two 

types of Trichoderma viride  and Trichoderma 

harzianum and to study the effect of this 

on the digestibility coefficient nutrients for 

lambs fed these treated materials. 

 
2. Materials and methods 
 

2.1 Treating straw with Trichoderma 

viride and Trichoderma harzianum fungi 
 

The straw was spread on nylon in the 

fermentation room and sprayed with 76% 

water, 1% urea, and 2% formaldehyde for 

12 hours (Sadq, 2010), then packed into 

nylon bags and inoculated with 

Trichoderma viride (Tv) and 

Trichoderma harzianum (Th) fungal 

spores loaded on millet plants according 

to Dewan (1989) at a ratio of 3 kg/100 kg 

straw in the inoculation room. Then the 

inoculated straw bags were incubated at 

26±3 °C and 70–75% humidity in the 

fermentation room for 21 days. After 21 

days of incubation, the bags are taken out 

of the fermentation room, dried in the sun, 

and stored in nylon bags until the required 

analysis is carried out and the experimental 

animals are fed with them. The chemical 

analysis of the manure and feed were 

performed according to AOAC (2005). 

 

2.2 Study site, animals, feed, and 

experimental design 
 

This study was carried out at the research 

animal production station, Faculty of 

Agriculture, Al-Azhar University (Assiut 

branch), Assiut, Egypt. A total of 10 male 

Barki lambs, having an average body 

weight of 26 kg, were randomly allocated 

into two groups of 5 animals each. Lambs 

in the first group were fed untreated straw 

(control group), while lambs in the second 

group were fed straw treated with 

Trichoderma viride and Trichoderma 

harzianum fungi. The experimental lambs 

were fed a concentrated diet and wheat 

straw at amounts that represented 2 and 

1% of their live body weight, respectively. 

The feeding trail lasted for 90 days. The 

average daily body weight gain and 

growth rate were calculated according to 

the following equations: 
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 =  
𝑓𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑖𝑜𝑑 (𝑑𝑎𝑦)
 

 
𝐺𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 =  

𝑓𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
 × 100 

 

At the end of the feeding trail, three lambs 

from each group participated in a two-

week digestion trail. After the adaptation 

period (10 days), the excreted feces and 

urine from each animal were collected, 

mixed well, weighed, and a representative 

sample of 10% of the total weight of the 

feces and urine was kept in polyethylene 

bags and bottles at -20°C until the period 

of collection ended. Each sample from a 

single animal was mixed and dried, and 

three samples weighing 20 grams were 

taken from them to conduct chemical 

analysis on them. The remaining feed was 

also collected and weighed for each animal 

daily to calculate the digestibility coefficient. 

 

2.3 Statistical analysis 
 

The least significant difference was used 

to test for significant differences between 

the means after the data were statistically 

analyzed using SPSS software. 

 
3. Results and discussion 
 

3.1 The chemical analysis of wheat Straw 

treated with Tv and Th fungi 
 

The results presented in Table (1) showed 

that treating straw with TV and TH fungi 

increased crude protein percentage and 

decreased fiber percentage compared to 

untreated straw. The improvement in the 

crude protein content in the treated straw 

may be due to the degradation of fiber 

content by cellulolytic enzymes produced 

from growing fungi (El-Ashry et al., 

2003). The decrease in crude fiber in the 

treated straw may be due to the breaking 

of lignocellulosic bonds, cellulose 

oxidation, and degradation of lignin by 

fungi. Our result agreed with the findings 

of Fayed et al. (2009), El-Ashry et al. 

(2009), Abd-Allah (2007), Mahrous et al. 

(2009), and Omer et al. (2012). 

 
Table (1): Chemical analysis of concentrate feed mixture and straw treated with 

Trichoderma viride and Trichoderma harzianum fungi. 
 

NFE% Ash% EE% CF% CP% OM% DM% Item 

64.09 6.48 2.42 12.91 14.11 93.52 90.10 CFM 

44.27 6.20 1.60 36.09 3.34 94.80 89.70  WS  

50.14 6.80 1.61 33.25 5.20 94.20 90.23 TWS 
 

CFM: concentrate feed mixture, WS: wheat straw, TWS: wheat straw treated with 1% and Trichoderma Viride, Harzianum 

Trichoderma fungi. 

 
3.2 Growth performance of Barki lambs 

fed wheat straw treated with Trichoderma 

Viride, Trichoderma harzianum fungi   

 

The results in Table (2) showed that 

feeding Barki lambs on straw treated with 

fungus significantly (p ˂ 0.05) increased 

the growth rate and average daily gain 

compared to the control group. These 

results are consistent with the findings of 

EL-Ashry et al. (2003) and Omer et al. 

(2012).
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Table (2): Impact wheat straw treated with fungi on growth performance of Barki lambs. 
 

 

Significance TWS Control Item 

Ns  26.00 26.00 Initial weight (kg) 

Ns  38.80 37.65 Final weight (kg) 

Ns  13.80 11.65 Total gain (kg) 

** a 153.33± 3.88 b129.44 ±1.50  Average of daily gain (g) 

** a1.3653.08± b1.6444.80± Growth rate % 
 

a,b Means in the same row with different superscripts are  significantly different (p ˂ 0.05), Ns= nonsignificant (P>0.05) , **= 

significant (P <0.001), TWS= group of lambs fed wheat straw treated with fungi. 

 

3.3 Impact of treating straw with fungi on 

digested protein 
 

Lambs fed straw treated with fungus 

exhibited significant effect (p˂0.05) on 

the digestibility and crude protein average 

as this group outperformed in comparison 

with the control group (Table 3). The 

increase in protein intake and digestibility 

may be attributed to the crude protein 

higher content of fungus mixed feed 

because of breaking the bonds that bind 

protein with lignin and others (Saleh et al., 

1998; Yamakawa et al., 1992). Moreover, 

our results agree with the findings of Okab 

et al. (2012), Mahrous et al. (2009), Omer 

et al. (2012), and Salman et al. (2010). 

 
3.4. Effect of treating straw with fungi on 

nutrient values 
 

The results in Table (3) showed that the 

group fed with straw treated was 

significantly superior in total digestible 

nutrients to the control group. On the 

other hand, there was no significant 

difference in nitrogen balance (NB) 

between the control and treated group. 

these data agree with the data described 

with Yamakawa et al. (1992). The 

enhancement of the digested nutrients 

percentage in treated group due to the 

enzyme produced by the fungi in 

digesting cellulose, which converts it into 

easily digestible glucose (Nsereko et al., 

2000). On the other hand, Mahrous et al. 

(2009), and Omer et al. (2012), believe 

that the total nutritional and total 

digestible elements increase results from 

improved digestion of cell wall 

components compared to untreated feed, 

and that the group fed on feed treated with 

fungi tend to outperform the group fed on 

untreated feed in total digested nutrients 

and digested protein compared to the 

control one. 

 
Table (3): The effect of treating straw with fungi on the nutritional value. 

 

Significance TWS Control Item 

* 72.30a± 2.759 69.31b ±1.570 TDN %  

* 6.19 a±0.490 5.11b±0.980 DCP % 

Ns 3.90 ±0.100 3.87±0.115 NB 
 

a,b Means in the same row with different superscripts are  significantly different (p ˂ 0.05), Ns= nonsignificant (P>0.05) , 

*= significant (P <0.05), TWS= group of lambs fed wheat straw treated with fungi, TDN= total digestible nutrients, DCP= 

digested crude protein, NB= nitrogen balance. 
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4. Conclusion 
 

From the results of this study, it can be 

concluded that treating wheat straw with 

Trichoderma harzianum and Trichoderma 

viride fungi improves its chemical 

composition, average daily gain, growth 

rate, TDN and DCP in male Burke lambs 

compared to untreated straw. 
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