
 Corresponding author: Ahmed Yasir Rebh 
Department of Animal Production, College of Agriculture, University of Basrah, Iraq. 

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

The effect of the synergistic mixture of oyster mushroom Pleurotus ostreatus and 
beta-glucan added to the diet on the productive performance of broilers under heat 
stress 

Ahmed Yasir Rebh *, Jaffar Mohammed. Jassim and Majid Hassan. A. Alasadi 

Department of Animal Production, College of Agriculture, University of Basrah, Iraq. 

GSC Advanced Research and Reviews, 2023, 14(03), 179–186 

Publication history: Received on 11 February 2023; revised on 17 March 2023; accepted on 20 March 2023 

Article DOI: https://doi.org/10.30574/gscarr.2023.14.3.0091 

Abstract 

Current study showed the effect of adding the synergistic mixture of oyster mushrooms and beta-glucans on the 
productive performance of broilers under heat stress. 300 one-day-old chicks (Ross 308) were used and randomly 
distributed to four-treatments. Control treatment was fed standard diet. While the second, third and fourth treatments 
were fed starter ration with addition synergistic mixture at level (0.5, 1, and 1.5) g / kg. while 0.250, 0.5, 0.750) g/kg of 
oyster mushroom and beta-glucans for the same treatments, respectively were added to final diet  . Results showed a 
significant effect (P<0.05) in body weight, rate of weight gain, decrease in the amount of feed consumed, improve in feed 
conversion efficiency and decrease in mortality rate, compared to control treatment. Current study conclude that 
addition of the synergistic mixture at level of 1.5 g / kg to the feed improved the productive and economic performance 

of broiler chickens. 
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1. Introduction

More than 90 billion tons of poultry meat are produced annually [1]. This high production of poultry meat requires 
developing poultry industry in order to face the rise in market demand of meat and eggs [2]. Poultry meat is one of the 
most important sources of animal protein, which is distinguished from other protein sources, which has high nutritional 
value [3]. The main problems facing animal production in countries with tropical and subtropical climates is heat stress, 

which negatively affects the performance of poultry [4]. Researchers were interested in using some strategies to find 
out their effect on some immune traits of broiler chickens, including vegetable additives [5]. Studies were conducted on 
the genetic side of chickens exposed to heat stress in order to predict the ability of birds to withstand stress conditions 
[6]  

[7], [8], showed that heat stress leads to changes in the bacterial content of the intestine. The use of probiotics has many 
beneficial properties in raising immunity and improving the intestinal structure.These factors improve digestion and 

absorption, which is ultimately reflected in improved performance outcomes during H.S [9]. 

[10]. Found that the prebiotic has an important role in closing the receptors on the surface of the walls of pathological 
bacteria. The prebiotic is a source of nourishment for beneficial intestinal bacteria. Oyster mushrooms, which contain 
many valuable benefits, are rich in dietary fiber, protein, vitamins and minerals, with low values of fat and calories [11] 
[12] show that oyster mushrooms added to feed led to a significant improvement in the productive and immune traits 
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of poultry. The study aimed to find out the effect of using a synbiotic mixture consisting of oyster mushrooms Pleurotus 

ostreatus and beta-glucan on the productive performance of exposed broilers to heat stress. 

2. Material and methods 

This study was conducted in the poultry research field at the Agriculture College - University of Basrah from 17/1/2022 
to 22/2/2022. In this research, 300 unsexed broiler chicks (Ross308) were used in this study, at the age of one day, with 
average starting weight 42 g. Birds were distributed randomly into four treatments, and each treatment was divided 
into three replications (25 birds / replicate).Chicks were reared on the floor and sawdust was used as a mattress to 
cover the floor. The hall was divided in the form of iron nests , and the dimensions of one repetition were (100 x 200 x 
75) cm. birds were fed free feed on starting diet from (1-21) days and growing diet from (22-35) days, as shown in Table 
(1). 

First treatment was fed on standard diet. The synergistic mixture was added to the second treatment at level 0.5 g/kg 
for starter and as 0.250 g/kg for the final feed. Third treatment was fed 1 g/kg for the starter and 0.5 g/kg for the final. 
The synergistic mixture was added to the fourth treatment at the rate of 1.5 g / 1 kg of feed for the starter and 0.750 g 
/ 1 kg of feed for the final. The birds exposed to heat stress from one-day age, by exposing all the birds to heat stress for 
8 hours / day by raising the room temperature (Table 2). 

2.1. Prepare the synergistic mixture 

 The mycelium of the oyster mushroom Pluerotes ostreatus was obtained from the National Center for Organic 
Agriculture / Plant Protection Department / Ministry of Agriculture. 

 The beta-glucan was prepared from one of the offices for medical and laboratory supplies ،in a package of 
(500)g. 

 Oyster fungus was added with the same amount of beta-glucan to the diet. It was mixed well and incubated in 
polyethylene bags at (28-30) 0 and humidity (40-50) % for period (7-10) days until the growth of the mycelium 
distinguished by its strong smell, then it is mixed with the quantity required to feed the birds. [13]. 

2.2. Studied traits 

2.2.1. Productivity traits 

Live body weight (B.W), weight gain (BWG), and feed intake were calculated (FI), feed conversion efficiency (FCR) in 
addition to the amount of water consumed according to the equations approved and mentioned by [12]  

2.3. Economic characteristics 

The Productivity Index (PI) and the Economic Efficiency Index (EEI) the production index and the economic indicator 
scale were calculated for each transaction according to the formula that was approved by [14]. 

Production index (PI)  =  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑙𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 (𝑔𝑚) × 𝑙𝑖𝑣𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔 

 𝐴𝑔𝑒 𝑖𝑛 𝑑𝑎𝑦𝑠 × 𝐹𝐶𝑅 ×  10
 

Economic efficiency index (EEI)  =
 Average of live weight in (kg) × liveability percentage × 100 

Age in days × FCR
 

2.4. Performance Evidence Scale 

Calculate the performance evidence for each transaction according to the equation mentioned [15]. 

Performance index =
average live body weight (gm)

 Average feed conversion efficiency × 10
 

2.4.1. Scale of the economic evidence of the diet 

The economic efficiency of each treatment was calculated according to the following equation. 
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Economic efficiency = feed cost (amount of feed intake kg-1 of live weight) x feed conversion efficiency. 

2.4.2. Percentage of Mortality 

 Mortality in each replicate was recorded daily, calculated as a percentage of the total number of chicks in each replicate, 
and treated at the end of the experiment according to the following equation: 

Percentage of Mortality =
The number of total mortality

total number of birds
× 100 

2.5. Statistical Analysis 

Complete random design (CRD) was used, using (SPSS, 2019) program in the statistical analysis and using the following 

mathematical model (yij = μ + ti + eij). 

Table 1 The approved periodic temperatures during the experiment period 

Age/day 7-1  11-8  22-35 

Temperature 830-08 33-30 8  92 – 92 8  

Note that the period of exposing birds to heat is (8) hours per day, then it is gradually reduced 

 

Table 2 The components of the diet used in the experiment 

Items Starter diet (1-21)days(%) Grower diet (22-35)days(%) 

Yellow corn 63 60 

Wheat 0.6 0 

Soybean meal  (00%)  39 92 

The concentrated Protein  *  6 0 

Limestone 8.2 8.2 

Plant Oil 8.6 1 

Mixture of vitamins and minerals  **  1 1 

Salt 8.3 8.3 

Total 188%  188%  

Calculated chemical composition  ***  

Crude Protein  )%(  99.20 98.09 

Kilo calories energy/kg feed 9228 3800 

 * Protein concentrate for feeding broiler chickens (Brocorn-5 special W) produced by (Wafi B.V. Alblasserdam-Holland), chemical composition: 
40% crude protein, 5% crude fat, 2.20% crude fiber, 7.10% moisture, 28.30% crude ash , 4.20% calcium, 2.65% phosphorus, 2107, energy (kcal kg-
1). 3.70% methionine, methionine + cysteine 0.42%, lysine 4.12%, tryptophan 0.42%, threonine 1.70%, sodium 2.50%, chlorine 4.20%, copper 200 

mg kg-1, manganese 1,600 mg kg-1, zinc 2,000 mg kg-1, iodine 20.00 mg/kg, iron 2.000 mg kg-1, selenium 5.00 mg kg-1 ** a mixture of minerals 
and vitamins, chemical composition: 10% crude protein, 2.1% crude fat, 0.34% crude fiber, 2.66% moisture, 51.02% crude ash, 20.08% Calcium, 

10.83% Phosphorus, 753.82 kcal kg-1. energy (kcal.g1). *** Calculation of the chemical composition of the feed was made according to NRC (1994). 

3. Results and discussion 

3.1. Productive performance 

3.1.1. Body weight and weight gain 

Table (3) showed the effect of adding the synergistic mixture of oyster mushroom and beta-glucan on Body weight, 
where no significant differences were observed in the rates of body weight of birds in the first week .In the second week, 
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fourth treatment was superior significantly (P<0.05) which was 286.54 (g) while second treatment and control 
treatment recorded 275.76 and 264.80 (g) respectively. As for the third, fourth and fifth week, fourth treatment increase 
significantly (P<0.05) in the average body weight compared to the others treatments, it reached (1535.15) g at the end 
of the experiment at the age 35 days. Table (4) showed the effect of adding the synergistic mixture of oyster mushroom 
and beta-glucan in weight gain which took same body weight curve, where no significant differences observed in the 
rates of weight gain of birds at the first week , while there is significant increase (P < 0.05) in the second, third, fourth 
and fifth weeks when calculating the cumulative gain. The table showed that fourth treatment recorded 140.51 (g) did 
not differ significantly in the second week from the third and second treatment which recorded (140.20, 134.67) g 
respectively. 

Table 3 The effect of adding the synergistic mixture of Pleurotus ostreatus and beta-glucan to the ration of broiler 
chickens exposed to heat stress at different age stages on body weight (g) (mean ± standard error) 

Temperature Age in Days 

(1-7) days (8-14) days (11-11 ) days (22-28) days (29-35) days 

T1 142.21± 2.89 264.80c ± 2.96 555.18c± 1.71 1020.67d ±2.33 1535.15d ± 3.77 

T2 141.13±2.01 275.76b±3.28 574.18b ± 2.09 1034.76c± 3.52 ±1566.06c ± 2.69 

T3 142.22±2.65 282.42ba±2.56 579.72b ± 4.11 1084.63b±2.96 1633.37b  ± 3.81 

T4 143.36±3.50 286.54a ± 2.68 597.17 a ± 2.53 1140.37a±2.57 1710.96a ± 3.46 

Sig. N.S * * * * 

 (*) The different letters in each column indicate a significant difference (p<0.05). N.S. (**) means that there are no significant differences between 
the averages (***)Transactions (T1) were the control treatment without addition, while the second treatment (T2) was The addition of the tarzi 

mixture of oyster mushroom and beta-glucan was 0.5 g / 1kg feed for the starter and 0.250 g / 1kg feed for the final for both oyster mushroom and 
beta-glucan, while the third treatment (T3) the amount was 1 g / 1kg feed for the starter and 0.5 g / 1kg of final feed for both oyster mushroom and 

beta-glucan, and the fourth treatment (T4) was added to the mixture at the rate of 1.5 g / 1kg feed for starter and 0.750 g / 1kg feed for final for both 
oyster mushroom and beta-glucan. 

Table 4 The effect of adding the synergistic mixture of Pleurotus ostreatus and beta-glucan to the diet of broiler chickens 
exposed to heat stress at different age stages on the rate of weight gain (gm) (mean ± standard error) 

Tempera- 

ture 

Age in Days 
Cumulative 

(1-7) days (8-14) days (11-11 ) days (22-28) days (29-35) days 

T1 ±100.21±2.89 122.59b±4.67 290.38c±3.83 465.48c ±0.69 514.48d±5.30 1493.15d ±3.77 

T2 ±99.13±2.01 134.67a±5.28 298.42ab±3.78 460.58c±2.73 531.29c±3.53 1524.06c±2.69 

T3 ±100.22±2.65 140.20a±4.07 297.29ab±2.57 504.91b±2.48 548.77b±5.65 1591.37b±3.81 

T4 ±101.3 3± 3.50 140.51a±3.89 307.96a±2.40 543.20a±0.70 570.59a±0.92 1663.62a±8.36 

Sig. N.S * * * * * 

 (*) The different letters in each column indicate a significant difference (p<0.05). N.S. (**) means that there are no significant differences between 
the averages (***)Transactions (T1) were the control treatment without addition, while the second treatment (T2) was The addition of the tarzi 

mixture of oyster mushroom and beta-glucan was 0.5 g / 1kg feed for the starter and 0.250 g / 1kg feed for the final for both oyster mushroom and 
beta-glucan, while the third treatment (T3) the amount was 1 g / 1kg feed for the starter and 0.5 g / 1kg of final feed for both oyster mushroom and 

beta-glucan, and the fourth treatment (T4) was added to the mixture at the rate of 1.5 g / 1kg feed for starter and 0.750 g / 1kg feed for final for both 
oyster mushroom and beta-glucan 

While it differed significantly with control treatment (T1), which recorded increase of (122.59) g, results at the age of 
(35) days indicated that the cumulative weight gain (1591.37, 1524.06, 1493.15) g for the third ,second and control 
treatments, respectively, fourth treatment achieved significant increase in weight of 1663.62 (g). The presence of these 
significant differences between the fourth treatment with others treatments may be due to the superiority of the 
treatments to which the synergistic mixture was added, this is because it contains many proteins, vitamins and minerals, 
in addition to its content polysaccharides and biologically active compounds that positively affect growth performance 
[16]. Its proteins are also characterized by being high quality and containing important amino acids such as lysine and 
leucine [17]. Fungi also have beneficial effects on the digestive system by increasing the production of digestive 
enzymes, which work to enhance liver function, which contribute to increasing the utilization of feed by improving 
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digestion [18] [19]. Thus, the results obtained converged with what was found by [12], which showed that feeding 
oyster mushrooms to chickens led to improvement in weight gain and feed conversion ratio. 

3.2. Amount of feed consumed and feed conversion efficiency 

Table (5) showed the effect of adding the synergistic mixture of oyster mushroom and beta-glucan on the amount of 
feed consumed during the first week of the experiment as no significant differences appeared between all treatments. 
There was a significant difference between the treatments at the second, third, fourth and fifth weeks, in addition to, the 
cumulative feed quantity, the amount of feed consumed decreased as a result of exposure birds to heat stress in all 
treatments except for the fourth treatment which was superior significantly (P<0.05) it was recorded 2772.59 g 
compared to the third, second and control treatment , which were (2678.12, 2620.10, 2580.75) g, respectively results 
in table (6) showed the effect of adding the synergistic mixture of oyster mushroom and beta-glucan on the efficiency 
of food conversion. No significant differences appeared between all treatments during the first, second and third week 
of the experiment, while there was a significant improvement (P<0.05) in the values of the feed conversion coefficient 
in the fourth week, \ third treatment recorded the lowest rate 1.62 g feed / g gain in weight, while second treatment 
recorded the highest rate 1.74 g feed / g gain, fourth treatment recorded the lowest value it reached 1.80 g feed / g gain 
compared with the control treatment which recorded the highest rate 1.91 g feed / g gain in weight in the fifth week 
and the fourth treatment recorded the lowest cumulative conversion factor at rate 1.59 g feed / g gain compared with 
control treatment which was 1.66 g feed / g gain weight. Improvement in the amount of feed consumed and feed 
conversion factor for the treatments may be due to the synergistic mixture that added compared to the control 
treatment.Heat stress effect on the behavioral and physiological functions of birds, through which birds try to regulate 
their body temperature, including reducing the amount of feed consumed [20]. The decrease in the amount of feed 
consumed leads to a decrease in the average body weight and feed conversion efficiency, which was reflected in the 
performance rate [21], [22]. The improvement for feed consumed and the efficiency of feed conversion for the 
treatments added to the synergistic mixture, especially the fourth treatment may be due to the characteristics and 
biologically active compounds in mushrooms that have beneficial effects on growth performance and immune 
responses [16]. It has been proven that mixing mushrooms with beta-glucan improves digestion in the intestine and 
raises immunity and growth in poultry [23], [24], showed that oyster mushroom protein extract improved growth and 
feed conversion rates (FCR). 

Table 5 The effect of adding the synergistic mixture of Pleurotus ostreatus and beta-glucan to the broilers exposed to 
heat stress at different age stages on the amount of feed consumed (g) (mean ± standard error). 

Temperature 

Age in Days 

Cumulative 
(1-7) days   (8-14) days  (11-11 ) days 

 (22-28) 
days  

(29-35) days 

T1 
140.03±2.93 196.05b±3.76 480.79b±5.24 794.65c±3.44 969.22c±5.16 2580.75c  ±  

12.93 

T2 
138.67±4.66 206.14ab±3.37 488.40ab±6.15 798.55c±4.38 988.35b±5.50 2620.10c  ±  

13.15 

T3 
140.10±3.42 209.68a±4.32 494.81ab±4.46 815.68b±2.80 1017.85±2.95 2678.12b± 

11.08 

T4 
138.56±3.36 213.13a±3.69 505.83a±5.25 885.85a±6.41 1029.23a±6.41 2772.59a± 

15.67 

Sig. N.S * * * * * 

(*) Different letters in each column indicate a significant difference (p<0.05).  N. S. means that there are no significant differences between the 
means. ** Treatment .the (T1) control treatment was without any addition.the(T2)second treatment The added amount of the synergistic mixture 
was 0.5 g / kg for the starter and 0.250 g / kg feed for the final of feed for each oyster mushroom and beta-glucans , the (T3)third treatment was 1 

gm/kg for the starter and 0.5 g / kg feed for the final of feed for each oyster mushroom and beta-glucans, and for the (4) fourth treatment, the 
mixture was added by 1.5 gm/kg for the starter and 0.750 g / kg feed for the final of oysters and beta-glucan feeds.  
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 Table 6 The effect of adding the synergistic mixture of Pleurotus ostreatus and beta-glucan to the diet of broiler 
chickens subjected to heat stress at different age stages on feed conversion efficiency (mean ± standard error). 

Temper
ature 

Age in Days Total 

(1-7) days   (8-14) days  (11-11 ) days  (22-28) 
days  

(29-35) days 

T1 1.40±0.07 1.61±0.08 1.65±0.03 1.71b±0.09 1.91a±0.03 1.66a±0.01 

T2 1.40  ±  0.06 1.54±0.04 1.64±0.03 1.74 a± 0.03 1.86ab±0.02 1.63 ab± 0.1 

T3 1.40  ± 0.07 1.50±0.03 1.66±0.01 1.62c±0.06 1.86ab±0.02 1.61 a ±0.09 

T4 1.37  ± 0.05 1.52±0.01 1.64±0.02 1.63c±0.01 1.80 b± 0.09 1.59b± 0.2 

Sig. N.S N.S N.S * * * 

(*) Different letters in each column indicate a significant difference (p<0.05).  N. S. means that there are no significant differences between the 
means. ** Treatment .the (T1) control treatment was without any addition.the(T2)second treatment The added amount of the synergistic mixture 
was 0.5 g / kg for the starter and 0.250 g / kg feed for the final of feed for each oyster mushroom and beta-glucans , the (T3)third treatment was 1 

gm/kg for the starter and 0.5 g / kg feed for the final of feed for each oyster mushroom and beta-glucans, and for the (4) fourth treatment, the 
mixture was added by 1.5 gm/kg for the starter and 0.750 g / kg feed for the final of oysters and beta-glucan feeds. 

3.3. Economic criteria and death rate 

Table (7) shows the effect of adding the synergistic mixture of oyster mushroom and beta-glucan on some economic 
parameters of birds exposed to heat stress, which included economic index, production index, performance index, and 
number of deaths. The results showed that there were significant differences in the percentage of deaths, as the fourth 
treatment did not record deaths throughout the experiment period while control treatment and second treatment 
recorded deaths during the experimental period of 35 days. The economic index for fourth treatment recorded the 
highest significant difference (P<0.05), as it reached 711.12, compared with third, second and control treatment, which 
recorded 663.48, 635.04, and 623.13, respectively. As for the productive index, fourth treatment recorded 306.91 
compared to the control treatment, which recorded 254.35 . 

Table 7 The effect of adding the synergistic mixture of the oyster mushroom plurotus ostreatus and beta-glucan to the 
diet of broilers subjected to heat stress at different age stages on the economic index, the productive index, the 
percentage of mortality, the economic index, and the performance index at the age of 35 days (mean ± standard error) 

Temperature 
Economic 

index 
Production 

index 
Mortality 

% 
Economic efficiency 

index 
Performance 

index 

T1 393.13 c ±6.41 254.35b ±8.46 4.00±2.31 11012.73c± 10.01 92.69c  ±0.85 

T2 336.80c± 6.39 266.75b ±4.37 2.67± 1.33 11266.80cb± 18.00 95.91c  ±8.01  

T3 333.00b± 5.46 290.47a ±3.42 .00 11618.89b± 10.00 101.66b±1.20 

T4 211.19 a± 8.04 306.91a ±4.71 .00 12276.52a± 12.00 107.41a± 1.65 

Sig. * * N.S * * 

 (*) The different letters in each column indicate a significant difference (p<0.05). N.S. (**) means that there are no significant differences between 
the averages ***Transactions (T1) were the control treatment without addition, while the second treatment (T2) was The addition of the tarzi 

mixture of oyster mushroom and beta-glucan was 0.5 g / 1kg feed for the starter and 0.250 g / 1kg feed for the final for both oyster mushroom and 
beta-glucan, while the third treatment (T3) the amount was 1 g / 1kg feed for the starter and 0.5 g / 1kg of final feed for both oyster mushroom and 

beta-glucan, and the fourth treatment (T4) was added to the mixture at the rate of 1.5 g / 1kg feed for starter and 0.750 g / 1kg feed for final for both 
oyster mushroom and beta-glucan. 

Results in Table (7) showed that economic and performance index of the fourth treatment recorded the highest 
significant value (P<0.05) it were 12276.52 and 107.41, respectively, compared with control treatment, which recorded 
the lowest value which amounted 11012.74 and 92.69. The reason for the improvement in the values of the performance 
measure, the production index, the economic index, and the economic index may be attributed to the ability of oyster 
mushrooms to synthesize silver nanoparticles (AgNPs) that prevent the growth of pathogenic bacteria, which is 
reflected in the vitality of birds. Some studies showed the possibility of using the synergistic mixture as a natural 
antibiotic, which led to a decrease in the mortality rate, which in turn reflected positively on the value of the productive 
index [25], [26], explained that the improvement of the economic index scale is associated with a higher rate of Weight 
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gain, vital ratio, and feed conversion coefficient, as these measures are directly proportional to the bird's weight gain 
rate ,vital ratio, and feed conversion coefficient. 

4. Conclusion 

The addition of the synergistic mixture of oyster mushroom and beta-glucan (1.5 g / kg) to the diet led to an 

improvement in the productive and economic characteristics of broiler chickens exposed to heat stress. 
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