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Abstract 

This study was conducted in the laboratories of the College of Agriculture and the College of Food 

Sciences/Al-Qasim Green University for the period from 15/7/2020 until 15/8/2020 to study the effect 

of fermenting the feed with probiotics and then converting it into pellets on the microorganisms, pH, 

and volatile fatty acids in which the diet was used, Laying hens, probiotic concentrations (5, 10, 15 

gm/kg feed) and moisture percentage (0.25, 0.50, 1.00, 1.50 liters/kg feed) and for periods (24, 48, 72 

hours). The results showed: There was an effect of the concentrations of probiotics on the numbers of 

Bifidobacterium bacteria, especially the concentrations of 10 and 15 g/kg feed before and after the 

pelleting. As for the effect of duration, the time 72 hours significantly increased the number of volatile 

fatty acids, and the time 24 and 48 hours increased the pH before the pelleting; after the pelleting 

process, the time 48 hours increased the number of Basils subtilis bacteria, and the acidity and volatile 

fatty acids increased. In the effect of humidity, the percentage of 0.50 significantly increased the 

number of Basils subtilis bacteria, and the percentage of volatile fatty acids increased by 1.50 level. 

 

Keywords: Fermented feed, probiotic, pH., volatile fatty acids, pelleting 

 

Introduction 

Fermentation is a dynamic process carried out by beneficial microorganisms that convert 

some complex basic materials into simpler compounds. The results of fermentation can be 

highly variable, and this variability depends on the nature and type of basic materials used in 

fermentation, as well as the fermentation conditions, such as temperature, humidity, and 

availability. O2 and CO2 gases, fermentation process procedures (Amount of fermented 

material and fermentation time), and depending on the microorganisms used in fermentation 

and the type of fermentation (Aerobic and anaerobic), for example, lactobacilli produce citric 

acid. In contrast, yeasts produce ethanol (Subramaniyam and Vimala, 2012) [20]. The process 

of fermenting animal feed is considered one of the oldest methods of preserving and 

processing food for the purpose of reducing some of the food substances that the bird cannot 

digest and benefit from, thus achieving the maximum benefit from the feed materials 

consumed (Niba, 2008) [16], in addition to recent developments regarding the use of lactic 

acid bacteria in fermentation. Poultry feed for the purpose of reducing harmful bacteria 

present in the feed (Heres et al., 2003) [12], as fermentation is defined as a group of processes 

that cause changes in the physical, chemical, and microbial characteristics of the feed, which 

works to improve the nutritional value of the feed material (Al-Asheh and Davnjak, 1995) [1], 

as for modern scientific studies, they have shown that in fermentation, complex organic 

compounds are converted into simpler compounds by increasing the secretion of enzymes 

due to this process by microorganisms and yeasts. In addition, these enzymatic processes 

work to break the bonds of nutrients, such as the protease enzyme, which breaks down 

protein into simpler units. As amino acids that are easily digested and absorbed by the 

organism, whether human or animal (William and Akiko, 2007) [21], and the enzyme 

amylase, which breaks down carbohydrates and turns them into simple sugars that are easy to 

absorb (Santoso et al., 2001) [6], and lipase, which breaks down fats into free fatty acids 

(Chen et al., 2009) [6].  
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Hence comes the importance of fermentation and the vital 

role it plays by increasing the secretion of these enzymes 

and thus changing the qualitative characteristics of the food 

material, especially in poultry birds, which are characterized 

by having simple stomachs and do not possess all of these 

enzymes in their digestive system. This improvement in the 

feed or feed material depends on the amount of change that 

this process causes in the physical, chemical, and microbial 

characteristics in order to obtain the maximum benefit from 

it. The fermentation process requires several factors, 

including temperature, the amount of water added to 

moisten the feed, the quality of the feed used, and the 

amount of time required for this process (Heres et al., 2002) 
[11]. High temperatures may kill most microorganisms in 

probiotics, as Lu et al. (2009) [13] found the ability of yeast 

to continue to grow when exposed to heat shock and high 

temperatures, as yeast can resist environmental stress by 

implementing many mechanisms that resist It has unsuitable 

conditions for growth, including increased carbohydrate 

metabolism, detoxification, processing of damaged protein 

and D.N.A., and modification of the cell wall (Gasch et al., 

2000) [9]. Al-Jebory and Naji (2021 a & b) [2, 4]: Al-Jebory et 

al. (2024) [3] also indicated that fermenting the feed with 

probiotics and turning it into pellets did not significantly 

affect the killing of bacteria. Therefore, the current study 

aims to study the effect of feed fermentation before and after 

pelleting on the number of bacteria, the level of acidity, and 

volatile fatty acids. 

 

Materials and Methods  

The feed was fermented aerobically with 5, 10, and 15 g of 

probiotic whose components are mentioned in (Table 1) and 

a humidity ratio of 0.25, 0.50, 1.00, and 1.50 liters of water 

per kg of feed for 24, 48, and 72 hours. Used a ration for 

laying hens containing metabolic energy of 2756.19 

kilocalories/kg of feed, 17.13% crude protein, and 4% crude 

fiber; after crushing the components of the feed and mixing 

them in the vertical mixer inside the feed factory, they were 

received for fermentation, where each time 100 kg of feed 

was fermented, and after mixing the necessary probiotic for 

the fermentation process with water, it was then mixed with 

the feed well and then distributed on a piece of nylon in a 

thin layer and a gas incubator was placed, for the purpose of 

providing a temperature of 37-38 degrees Celsius and 

leaving it for 48 hours, and after the end of the fermentation 

time, the feed is taken and placed in the vertical mixer in 

order to expose it to an air current through its movement in 

the mixer, and then it is passed to the feed granulation 

machine for the purpose of converting it into pellet, diet and 

then transferred to the breeding farm Al-Jebory and Naji, 

(2021 a) [2] 

 
Table 1: Shows the number of microorganisms in the Iraqi 

probiotic used in the experiment. 
 

Count Bacteria 

10 8 Acidophilus Lactobacillus 

10 9 Bacillus subtilis 

10 8 Bifidobacterium 

10 9 Saccharomyces cerevisiae 

 
Taking 1 gm of the fermented feed for all replicates in 

sterile conditions and making decimal dilutions of it until a 

dilution of (10)-7 using sterilized peptone water using a 

Micropipette. Then, the number of bacteria was estimated 

using the pour-plate method according to Harrigan and 

McCance (1976) [10]. The pH and the level of volatile fatty 

acids were estimated according to Al-Jebory and Naji 

(2021b) [2] 

The data were analyzed using a completely randomized 

design (C.R.D.) to study the effect of the studied parameters 

on the various characteristics, and the significant differences 

between the means were compared using the Duncan (1955) 
[8] multinomial test. The program S.A.S. (2012) was used in 

the statistical analysis according to the following 

mathematical model. 

 

Yij = µ + Ti + eij 
 

Results and Discussion 

Table 2 shows the effect of the study on a number of 

bacteria, pH, and volatile fatty acids before feed pelleting; 

there were no significant differences in Lactobacilli, Basils 

subtilis, Saccharomyces cerevisiae count, P.H. and, volatile 

fatty acid, at same time in Bifidobacterium count significant 

(p≤0.01) increase for 10 and 15 g/kg probiotic level 

compared to level 5 g/kg diet.  

 
Table 2: The effect of the probiotic addition ratio on the number of bacteria log × 10-7, pH, and volatile fatty acids before feed pelleting 

 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Probiotic level 

2.25±0.50 6.86±0.04 9.00±0.02 3.00±1.00 b 6.50±0.50 7.00±0.01 5 g/kg 

2.47±0.07 6.58±0.29 10.00±4.00 8.50±0.50 a 6.50±1.50 7.00±3.00 10 g/kg 

2.81±0.14 6.21±0.10 14.00±0.50 10.50±0.50 a 7.00±1.00 5.00±0.01 15 g/kg 

NS NS NS ** NS NS Significant 

**Means with different letters differ significantly at level (p≤0.01), NS: Not significant 

 
Table 3 shows the effect of the study on a number of 

bacteria, pH, and volatile fatty acids after feed pelleting; 

there were no significant differences in Lactobacilli, Basils 

subtilis, Saccharomyces cerevisiae count, P.H. and, volatile 

fatty acid, at the same time in Bifidobacterium count 

significant (p≤0.05) increase for 15 g/kg probiotic level 

compared to level 5 g/kg diet.  

 
Table 3: The effect of the probiotic addition ratio on the number of bacteria log × 10-7, pH, and volatile fatty acids after feed pelleting 

 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Probiotic level 

2.46±0.50 6.94±0.03 1.00±0.00 1.00±0.00 b 1.00±0.00 0.05±1.50 5 g/kg 

3.02±0.15 5.79±0.02 1.00±0.00 1.50±1.50 ab 3.00±1.00 0.05±2.50 10 g/kg 

3.54±0.43 6.06±0.49 2.50±1.50 4.00±1.00 a 2.00±1.00 0.05±2.50 15 g/kg 

NS NS NS * NS NS Significant 

*Means with different letters differ significantly at level (p≤0.05(, NS: Not significant 

https://www.agriculturejournal.net/


 

~ 105 ~ 

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net 
 

Table 4 shows the effect of the study on a number of 

bacteria, pH, and volatile fatty acids before feed pelleting; 

there were no significant differences in Lactobacilli, Basils 

subtilis, Saccharomyces cerevisiae, and Bifidobacterium 

count, while in P.H. level significant (p≤0.05) increase for 5 

and 10 g/kg probiotic level compared to level 15 g/kg diet, 

as well in volatile fatty acids significant (p≤0.05) increase 

for 15 g/kg probiotic level compared to level 5 g/kg diet.  

 
Table 4: The effect of fermentation duration on the number of bacteria log × 10-7, pH, and volatile fatty acids before feed pelleting 

 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Fermentation time 

2.26±0.37 b 6.40±0.01 a 9.00±1.00 13.50±1.50 6.00±3.00 1.00±9.00 24 hours 

2.64±0.17 ab 6.07±0.14 a 9.00±3.00 14.50±3.50 5.00±1.00 1.50±12 48 hours 

3.57±0.02 a 5.61±0.08 b 9.00±0.00 17.00±3.00 4.00±0.00 0.05±11.50 72 hours 

* * NS NS NS NS Significant 

*Means with different letters differ significantly at level (p≤0.05(, NS: Not significant 

 
Table 5 shows the effect of the study on the number of 

bacteria, pH, and volatile fatty acids before feed pelleting; 

there were no significant differences in Lactobacilli, 

Saccharomyces cerevisiae, and Bifidobacterium count, in 

Basils subtilis count significant (p≤0.05) increase for 10 

g/kg probiotic level compared to level 15 g/kg diet, while in 

P.H. level significant (p≤0.05) increase for 5 g/kg probiotic 

level compared to level 10 and 15 g/kg diet, as well in 

volatile fatty acids significant (p≤0.05) increase for 15 g/kg 

probiotic level compared to level 5 g/kg diet.  

 
Table 5: The effect of fermentation duration on the number of bacteria log × 10-7, pH, and volatile fatty acids before feed pelleting 

 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Fermentation time 

1.71±0.19 b 6.34±0.11 a 3.50±0.50 2.50±1.50 3.50±0.50 ab 0.50±1.50 24 hours 

2.56±0.13 ab 5.74±0.01 b 9.00±3.00 4.50±2.50 5.00±0.00 a 0.50±2.50 48 hours 

3.88±0.67 a 5.52±0.10 b 9.00±0.00 2.50±0.50 2.00±1.00 b 1.50±2.50 72 hours 

* * NS NS * NS Significant 

*Means with different letters differ significantly at level (p≤0.05(, NS: Not significant 
 

Table 6 shows the effect of treatments on the number of 

bacteria, pH, and volatile fatty acids before feed pelleting; 

there were no significant differences in Saccharomyces 

cerevisiae, Bifidobacterium count and P.H., in Lactobacilli 

log count significant (p≤0.01) increase for 0.50 L/kg water 

level compared to other level and significant increase for 

1.00 L/kg on 1.50 L/kg levels, while in Basils subtilis count 

significant (p≤0.05) increase for 0.50 and 0.25 L/kg water 

level respectively compared to level 1.00 and 1.50 L, as well 

in volatile fatty acids significant (p≤0.05) increase for 0.50, 

1.00, and 1.50 L/kg level compared to level 0.25 L/kg diet. 

Table 7 shows no significant difference in all bacteria count, 

P.H., and volatile fatty acid.  

 

 
Table 6: The effect of the water addition rate on the number of bacteria log × 10-7, pH, and volatile fatty acids before feed pelleting 

 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Water level 

1.63±0.37 c 6.19±0.43 14.00±2.00 14.50±1.40 14.50±0.50 b 15.00±1.00 bc 0.25 L/Kg 

2.45±0.11 b 6.12±0.84 14.00±3.00 15.50±0.49 16.50±0.50 a 18.50±0.50 a 0.50 L/Kg 

3.04±0.06 b 5.59±0.08 14.00±1.00 12.00±0.05 11.00±0.02 c 15.50±0.50 b 1.00 L/Kg 

4.91±0.04 a 5.31±0.01 15.00±3.00 12.50±1.50 11.00±0.02 c 12.50±0.50 c 1.50 L/Kg 

** NS NS NS ** ** Significant 

**Means with different letters differ significantly at level (p≤0.01), NS: Not significant 
 

Table 7: The effect of the water addition ratio on the number of bacteria log × 10-7, pH, and volatile fatty acids after feed pelleting 
 

Volatile fatty acid pH Saccharomyces cerevisiae Bifidobacterium Basils subtilis Lactobacilli Water level 

2.19±0.04 6.38±0.03 5.50±2.50 4.50±0.50 2.00±0.00 1.00±0.00 0.25 L/Kg 

2.59±0.04 5.62±0.51 5.00±2.00 5.00±1.00 2.50±1.25 1.50±0.50 0.50 L/Kg 

3.12±0.56 5.73±0.02 8.00±1.00 5.50±0.40 5.50±0.40 3.50±1.50 1.00 L/Kg 

4.41±1.56 5.55±0.33 7.00±1.00 3.50±1.50 3.50±1.50 3.00±1.00 1.50 L/Kg 

NS NS NS NS NS NS Significant 

NS: Not significant 

 

High temperatures above 45 degrees Celsius may lead to the 

killing of bacteria or yeast cells in the probiotic, as exposing 

the cells to a temperature of 65 degrees Celsius for 30 

minutes led to a decrease in the number of bacterial cultures, 

as it killed 6 bacterial cultures, each containing 3.6-5 

log/Gram of a bacterial cell (Mansouripour et al., 2013) [14]. 

Bacteria and yeasts are used in the form of probiotics and 

nutritional supplements in raising poultry, large animals, 

and even aquatic organisms for the purpose of increasing the 

ability of animals to resist diseases and increasing the 

process of competitive exclusion of pathogens within the 

intestine (Cutting, 2010) [7]. Probiotic bacteria are widely 

used in feed or water because of their ability to resist 

stomach acidity (Rosales-Mendoza et al., 2016) [16]. 

Lu et al. (2009) [13] found the ability of yeast to continue 

growing when exposed to heat shock and high temperatures, 

as yeast can resist environmental stress by performing many 

mechanisms by which it resists unsuitable conditions for 

growth, including increasing carbohydrate metabolism, 

removing toxins, and processing protein. Moreover, 

damaged D.N.A. and cell wall modification (Gasch et al., 

2000) [9]. As Amerah et al. (2013) [5] showed, manufacturing 
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feed in the form of pellets at a temperature of 70 and 80 

degrees Celsius did not significantly affect the numbers of 

probiotic bacteria, but manufacturing at a temperature of 90 

degrees Celsius significantly reduced the numbers of 

bacteria. Yeh et al. (2018) [22] also found that fermenting 

feed with different types of bacteria improved the physical 

properties of the feed, as it increased the number of bacteria 

and reduced the pH of the feed. It also increased the 

concentration of modified volatile fatty acids, and the 

fermentation process also increased the level of amino acids 

in the fermented feed. After that, the fermented feed was 

transformed into feed tablets, as the granulation process 

significantly reduced the number of bacteria. I attribute the 

reason for the survival of some of these bacteria to the 

ability of these bacteria to withstand high temperatures, 

especially Bacillus bacteria, as the researcher indicated that 

heating up to 100 degrees Celsius did not limit their growth. 

 

Conclusion  

From the results, we conclude that the fermentation process 

improves the physical traits of the feed and increases the 

number of beneficial bacteria, which is positively reflected 

in the readiness, digestion, and absorption of nutrients, the 

pelleting process did not significantly affect the number of 

microorganisms, as they have heat resistance; it is also 

possible to benefit from the secondary metabolic products of 

fermentation, even if the organisms are killed due to heat 

and pressure during pelleting. 
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