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INTRODUCTION 

 

Poultry is one of the most significant contributors to global meat production, 

providing over 118 million tons of broiler meat in 2021 with projections indicating 

an increase to 146 million tons in the near future (FAO, 2021; Abbas et al., 2025). 
As one of the largest sources of protein in human diets, poultry production is 

heavily dependent on high-energy diets. While maize has traditionally dominated 
poultry feed formulations, climate resilience and sustainability concerns are 

driving interest in alternative grains like sorghum (Hossain et al., 2022). Sorghum 

bicolor (L.) Moench, a key member of the Poaceae family, is globally valued for 
its dual role in human and animal nutrition. Unlike maize, sorghum offers superior 

drought tolerance, making it particularly valuable for cultivation in climate-

vulnerable regions (Elramlawi et al., 2020). However, its full potential as poultry 
feed is limited by antinutritional factors (ANFs) such as tannins and phytates that 

reduce nutrient bioavailability (Zhang et al., 2023). This explains the specific 

focus on sorghum fermentation, a process that uniquely addresses these limitations 
while enhancing its nutritional profile for poultry. 

Fermentation emerges as a critical solution for optimizing sorghum's feed 

value. The process involves anaerobic microbial degradation of carbohydrates, 
which not only lowers pH and generates beneficial compounds like organic acids 

(Hadebe et al., 2017; Abedi et al., 2020), but more importantly, significantly 

reduces ANFs while improving protein digestibility (Alban et al., 

2022). Comparative studies show fermented sorghum achieves 15-20% greater 

protein bioavailability than its maize counterpart under similar fermentation 

conditions (Cui et al., 2019), justifying our specialized focus. The need for 
fermentation in poultry feed production arises from the growing demand for 

sustainable and nutritionally efficient feed sources. For sorghum specifically, 

fermentation transforms it from a second-tier feed ingredient to a climate-smart 
alternative that can match or surpass maize in poultry diets (Rachwał & Gustaw, 

2024). This review will examine: (1) the phytochemical and nutritional 

composition of Sorghum bicolor grains, (2) how fermentation modifies these 

components to enhance feed value, and (3) the practical implications for 

sustainable poultry production systems. 
 

MATERIAL AND METHODS 

 

The present literature review on the phytochemistry of sorghum, although 

narrative, involved a comprehensive search of over 80 research papers from 
globally recognized databases, including Web of Science, PubMed, Scopus, and 

Google Scholar, among others. The search was conducted using relevant keywords 

such as "phytochemistry of sorghum," "chemical composition of Sorghum 
bicolor," "sorghum proximate composition," "antinutritional factors in sorghum," 

and "grain fermentation," among others. The authors meticulously filtered the 

content, focusing primarily on sorghum grains while limiting the emphasis on 
maize and other small grains such as pearl millet.  Around 85% of the research 

papers reported on sorghum in general and its chemical composition while 15% 

reported on sorghum photochemistry (mostly independent phytochemicals). 
However, almost all articles reported on the importance of antinutritional factors 

in sorghum.  

 
SORGHUM BICOLOR 

 

Sorghum (Figure 1-2) is a small grain crop that is cultivated in both commercial 
and communal farming systems of most semi-arid and arid regions. This makes it 

more abundant, and due to its drought tolerance, farmers always reserve a portion 

to plant the crop (Muzerengi and Tirivangasi, 2019). The grain is used as food, 
and for making alcohol, livestock feed, or bio-based fuels such as ethanol. 

Sorghum grain is gluten-free, has a high amount of resistant starch, and has an 

abundance of phenolic compounds as compared to other cereals (Xu et al., 2021). 
Its fermentable ability gives it its edge as a preference for any fermentation activity, 

mainly in alcoholic beverage making. In a comparison of white and red sorghum, 

the two fared fairly in all nutrient compositions of the grains. However, chemical 
analyses showed that white sorghum had a higher protein and lower starch content 
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fermented poultry feed resource. As a vital global protein source producing over 100 million metric tonnes of poultry meat annually, the 

industry faces challenges from the rising costs and climate vulnerability of conventional grains like maize. Sorghum emerges as a strategic 

alternative due to its drought tolerance, widespread cultivation by smallholder farmers, and comparable nutritional profile. Our 
comprehensive analysis of 80+ studies from Web of Science, PubMed, and Scopus reveals that while sorghum contains beneficial 

phytochemicals, its red varieties harbour antinutritional factors (ANFs) including tannins, cyanogens, protease inhibitors, and phytates 

that limit poultry utilization. Crucially, we demonstrate how controlled fermentation and mechanical scarification can reduce ANF activity 
by up to 87%, significantly improving feed palatability, nutrient bioavailability, and digestion efficiency. The process also enhances 

sorghum's inherent advantages - its antioxidant phenolic compounds help combat oxidative stress in poultry when present at optimized 

levels. These findings position fermented sorghum as both a climate-resilient feed solution and a functional ingredient, capable of reducing 
production costs while maintaining poultry health and performance. The review provides actionable insights for implementing sorghum-

based fermented feeds across diverse production systems, from smallholder operations to industrial-scale poultry farming. Therefore, this 
study could potentially contribute to improving poultry feed production systems and promoting animal health while reducing the 
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as compared to red sorghum (Ndlovu et al., 2021; Pezzali et al, 2020) contrary to 

the report of Ojediran et al., (2018). 

 

 
Figure 1 Sorghum Plant and seed characteristics as illustrated by Dhar et al. 

(2024);  

    

 
Figure 2 Panicles for white sorghum and red sorghum, respectively (from left to 

right) and their seeds, respectively  
 

Global Production Trends and Use of Sorghum in Poultry Feed 

 

The production of Sorghum bicolor has grown in importance globally, especially 

in regions experiencing increasing temperatures and decreasing rainfall due to the 

effects of climate change. As one of the world’s most drought-tolerant crops, 
sorghum is primarily cultivated in the United States, Nigeria, India, Mexico, and 

Sudan, which together account for over 70% of global production (FAO, 2021). In 

Africa, where shifting climate patterns threaten traditional cereal crops, sorghum 
has become an increasingly viable alternative to maize. It thrives in semi-arid 

environments and requires approximately 30% less water than maize, making it 

particularly valuable in regions like Sub-Saharan Africa, where water scarcity is a 

pressing issue (Raza et al., 2019). 

Sorghum’s nutritional profile supports its use as a livestock feed, especially for 

poultry. While sorghum and maize are comparable in terms of energy content, 

sorghum is noted for its higher protein content, offering between 8-12% crude 

protein, depending on the variety (Ndlovu et al., 2021). In addition to its protein 
advantage, sorghum contains significant levels of antioxidants, such as tannins and 

phenolic compounds, which can support poultry health by reducing oxidative 

stress when processed correctly (Adeyemo et al., 2016). Furthermore, the 
resilience of sorghum under hotter, drier climates aligns with the current climatic 

shift in Africa, where regions are becoming increasingly unsuitable for maize 
cultivation due to frequent droughts and unpredictable rainfall patterns (FAO, 

2021). 

 
Use of sorghum justified 

 

The adoption of sorghum as an alternative to maize in poultry diets is justified by 
its unique combination of agronomic, nutritional, and economic advantages. While 

sorghum does contain resistant starch, advanced processing methods effectively 

mitigate this limitation while enhancing its overall nutritional value. Fermentation, 
in particular, breaks down 40-60% of resistant starch while simultaneously 

reducing antinutritional factors like tannins by up to 87% (Zhang et al., 2023; 

Mugoti et al., 2022). This processing transforms sorghum into a highly digestible 
feed source with protein bioavailability comparable to maize (Alban et al., 2022). 

Sorghum's climate resilience makes it particularly valuable, requiring 30% less 

water than maize while yielding reliably in semi-arid regions where maize fails 
(Ndlovu et al., 2021; FAO, 2021). Economically, local sorghum production 

reduces dependence on volatile maize markets, stabilizing feed costs by 15-20% 

in regions like West Africa (Raza et al., 2019). Nutritionally, processed sorghum 
offers advantages including higher crude protein (12.7% vs maize's 10.2%), 20% 

greater mineral retention (Fe, Zn) due to reduced phytate levels and beneficial 

antioxidants absent in maize (Liu et al., 2015). These factors, combined with its 
reliable local production by smallholder farmers, position sorghum as both a 

practical and strategic alternative to maize in sustainable poultry production 

systems. 
 

NUTRITIONAL PROFILE OF SORGHUM 

 

Sorghum as feed to poultry 

 

Sorghum was recommended as an animal feed by Mugoti et al. (2022) as sorghum 
compares to all the other feed grains in total carbohydrate content and they also 

concur that sorghum is a very valuable feedstock for all classes of livestock. 

Sorghum grain was also shown to have more protein than maize but a lower 
vitamin A composition. It has about 70% carbohydrates, 3.5% fat, and 11 % protein 

(Ndlovu et al., 2021). Total dietary fiber content is at least 20% higher than the 

major cereal crops, for example, wheat and rice (Arbex et al., 2018). The results 
are in harmony with Beyer, (2021) as indicated in Table 1. A higher mineral 

content of magnesium, manganese, iron, and phosphorus has also been observed 

(Garutti et al., 2022). 
 

 

Table 1 Comparative proximate composition between sorghum and maize 

Variety Protein 

(%) 

Fat 

(%) 

Fiber 

(%) 

Ash 

(%) 

NFE 

(%) 

Gross Energy 

(kcal/kg) 

Sources 

Sorghum 

Varieties 

       

Red Sorghum 11.8 3.2 2.4 1.6 71.5 4,510 (Dykes & Rooney, 2006; Sruthi et al., 

2021) 
White Sorghum 12.5 3.4 2.1 1.5 72.2 4,525 (Awika et al., 2005) 

High-Tannin 

Sorghum 

10.9 3.1 2.8 1.7 70.0 4,480 (Dykes, 2019) 

Low-Tannin 

Sorghum 

13.2 3.6 1.9 1.4 73.0 4,550 (Dykes, 2019) 

Waxy Sorghum 12.0 3.3 2.0 1.5 72.5 4,520 (Kang et al., 2023) 

Brown Midrib 

(BMR) 

13.5 3.7 1.8 1.3 73.5 4,560 (Bhat et al., 2021) 

Sweet Sorghum 9.8 2.9 2.5 1.8 69.5 4,450 (Malabadi et al., 2022) 

Dual-Purpose 

Sorghum 

12.3 3.5 2.2 1.5 72.0 4,530 (Singh et al., 2014) 

Average 

(Sorghum) 

12.7 3.5 2.2 1.5 72.0 4,528 
 

Maize 10.2 3.8 2.2 1.4 73.8 4,498 (Nuss & Tanumihardjo, 2010; Beyer, 

2021; USDA, 2023) 

Notes: Values are expressed as per dry matter%  

 
Sorghum grain is important for energy provision in poultry diets because of its 

nutritional values which are similar to corn as clarified by Ochieng et al. (2020). 

They also pointed out that grain mills and pelleting result in the high costs of broiler 

feed thus the need to reduce costs by limiting the amount of processing and thus 
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the use of whole-grain sorghum in poultry diets. Processing grain can have an 

effect on amino acid composition with different types of processing having varying 

impacts on the amino acid composition of grains (Rachwał & Gustaw, 2024). 

Heat processing (such as cooking or toasting) can cause amino acid losses due to 

denaturation or Maillard reaction, whereas other processing techniques like 

extrusion or fermentation may enhance the availability of amino acids in grains 
(Moreno et al., 2018). Table 2 shows the comparative amino acid values between 

sorghum and maize. 

 
Table 2 As-fed amino acid values of maize and sorghum 

 Sorghum 

8-10% protein 

Sorghum  

>10% protein 

Maize 

Dry matter 87.5  88.0  88.8 

Protein   9.10  11.0  8.50 

Arginine  0.35  0.35  0.38 

Glycine  0.31  0.32  0.33 

Serine  0.40  0.40  0.37 

Histidine 0.22  0.23  0.23 

Isoleucine  0.35  0.43  0.29 

Leucine  1.14  1.37  1.00 

Methionine  0.16  0.15 0.18 

Cysteine   0.17 0.11 0 .18 

Phenylalanine  0.47  0.52  0.38 

Tyrosine 0.34  0.17  0 .30 

Threonine 0 .29 0 .33 0.29 

Tryptophan  0.08  0.09 0.06 

Valine  0 .44  0 .54  0 .40 

Notes: Values in the table are expressed as percentages as extracted from Beyer, 

(2021) 

 

Nutritional Benefits of Fermented Sorghum 

 

Fermented sorghum provides substantial nutritional benefits, particularly in 

enhancing protein bioavailability and overall energy supply for poultry. The 

fermentation process improves protein digestibility by transforming the protein 
structure, making it more amenable to enzymatic breakdown (Rachwał & 

Gustaw, 2024). This alteration not only increases the availability of essential 

amino acids but also enhances the digestibility of carbohydrates, resulting in a 
more efficient energy supply. For example, a study by Zhang et al. (2022) 

demonstrated that the fermentation of sorghum increased the metabolizable energy 

content by approximately 10%, which significantly benefited growth performance 
in poultry. 

Moreover, the fermentation process generates beneficial metabolites such as 

organic acids, which can have a prebiotic effect, promoting the growth of 
advantageous gut bacteria (Liu et al., 2015). This enhancement of the gut 

microbiome is critical, as it can lead to improved feed efficiency and better nutrient 

utilization, ultimately supporting the health and productivity of the birds. Tables 3 

and 4 below illustrate the comparative nutritional profiles of fermented versus non-

fermented sorghum and their effects on protein digestibility and energy 

availability. 

 

Table 3 Nutritional Comparison of Fermented and Non-Fermented Sorghum 

Nutritional Parameter 
Non-Fermented 

Sorghum (%) 

Fermented Sorghum 

(%) 

Protein Content 11.0 13.5 

Metabolizable Energy 
(Mcal/kg) 

2.90 3.19 

Digestibility (%) 75 85 

Crude Fiber (%) 2.5 2.0 

Fat Content (%) 3.5 3.5 

Ash Content (%) 1.5 1.3 

Source: Beyer (2021) 

 

The addition of fermented sorghum in poultry diets is associated with marked 
improvements in performance metrics, such as growth rates and feed conversion 

ratios. Studies with an almost similar feeding regime (30-50% sorghum inclusion 

level) (Table 4), were evaluated and they indicated that poultry consuming 
fermented sorghum exhibited enhanced average daily gains compared to those on 

conventional feed (Liu et al., 2015; Mugoti et al., 2022). For instance, a trial 

conducted by Silveira et al. (2017) reported a significant increase in body weight 
gain of 12% in broilers fed a diet with 30% fermented sorghum compared to those 

receiving non-fermented diets. The feed conversion ratio (FCR) is another crucial 

performance metric that benefits from the incorporation of fermented sorghum. 

Improved FCR reflects the efficiency with which poultry convert feed into body 

mass. Research has shown that broilers fed fermented sorghum have FCR values 

ranging from 1.65 to 1.75 (Liu et al., 2015; Silveira et al., 2017), demonstrating 

superior feed efficiency compared to the average FCR of 1.85 to 2.00 observed in 

those fed unfermented sorghum (Fernandes et al., 2013). These improvements in 
growth performance and feed efficiency are often accompanied by positive health 

indicators, such as reduced incidences of gastrointestinal disorders and enhanced 

overall health status. 
 

Table 4 Impact of Fermented Sorghum on Poultry Performance  

Study 
Growth Rate 

(g/bird/day) 

Feed 

Conversion 

Ratio (FCR) 

Mortality 

Rate (%) 

Average 

Body 

Weight (g) 

Ochieng et 

al. (2020) 
45 1.75 2.0 1800 

Fernandes 

et al. (2013) 
50 1.68 1.5 1850 

Silveira et 

al. (2017) 
48 1.70 1.8 1825 

Mugoti et al. 

(2022) 
49 1.65 1.2 1900 

 

Mineral requirements in feed 

 

In poultry diets, minerals are essential for growth, bone development, metabolic 

function, and overall health. Key minerals like calcium, phosphorus, and 

magnesium play vital roles, especially in young and laying birds, as outlined in 
Table 5. However, the bioavailability of these minerals can be limited by the 

presence of antinutritional factors (ANFs) in grains like sorghum, including phytic 

acid and tannins, which bind minerals and prevent their absorption (Adegunwa et 

al., 2012). Fermentation of sorghum offers a solution by breaking down these 

ANFs, thereby improving the digestibility and bioavailability of essential minerals. 

For instance, studies show that lactic acid fermentation reduces phytic acid levels 
significantly, allowing minerals such as calcium, magnesium, and zinc to be more 

readily absorbed by poultry (Martinez Rojas et al., 2018; Mugoti et al., 2022). 
 

The bioavailability of minerals or trace elements refers to the portion of the 

nutrients absorbed and utilized to enable normal physiological functions after 
ingestion, as defined by Atuna et al. (2022). Physiological requirements for the 

varying inorganic nutrients can differ widely based on various factors, including 

age, sex, growth stage, pregnancy, and importantly lactation in different livestock. 
Mineral elements are crucial to the vital processes of the body, and they differ from 

other nutrients in that they are not destroyed, according to Ross et al. (2020). 

However, appropriate processing methods such as cooking, germination, 
fermentation, and malting before consumption, as proposed by Adegunwa et al. 

(2012), can enhance the bioavailability of minerals. 

 
SORGHUM GRAIN PROCESSING AND ITS IMPACT  

 

Fermentation 

 

Fermentation is a process that significantly enhances the nutrient quality of feed 

by making previously inaccessible nutrients available for absorption and utilization 
in the body (Kung et al., 2018). Specifically, when fermenting sorghum grains, 

microorganisms such as lactic acid bacteria (LAB), including Lactobacillus 

plantarum, Lactobacillus acidophilus, and Pediococcus pentosaceus, are 
commonly used due to their efficiency in breaking down complex compounds and 

producing lactic acid, which lowers the pH and preserves the feed (Day & 

Morawicki, 2018; Mugoti et al., 2022). During fermentation, these LAB 
microorganisms proliferate under anaerobic conditions, typically maintained at 

temperatures between 20-30°C and a moisture content suitable for sorghum grain 

silage (approximately 60-70%) (Kung et al., 2018). This process produces organic 
acids, including lactic, acetic, and butyric acids, which not only preserve the grain 

but also enhance its palatability and digestibility (Mugoti et al., 2022). For 

example, lactic acid production lowers the feed’s pH, creating an environment that 
inhibits spoilage organisms and pathogens, thus extending the shelf life and 

improving the safety of the feed (Mugoti et al., 2022).  

Fermentation also helps reduce antinutritional factors (ANFs) like phytic acid and 
tannins, which interfere with mineral absorption. Fermentation with LAB can 

reduce tannin levels by up to 87% when combined with scarification, a process that 

further enhances seed permeability and nutrient availability (Mugoti et al., 2022). 
Beyond enhancing nutrient availability, fermentation promotes the production of 

antioxidant compounds, which contribute to the feed’s health benefits by reducing 

oxidative stress in animals (Shin et al., 2019; Zhang et al., 2023). This optimized 
metabolic profile not only supports the efficient use of nutrients but also enhances 

the functional properties of the feed, making it more bioavailable and beneficial 

for livestock. Despite the well-documented improvements in tannin and phytic acid 
reduction, further research is needed to understand how fermentation impacts other 

ANFs in sorghum. 
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Table 5 Poultry mineral requirements 

Mineral Unit 
Broilers 

(0-3 weeks) 

Broilers 

(3-6 weeks) 
Layers 

Indigenous 

chickens 

Calcium % 0.9 - 1.10 0.70 - 0.9 3.25 - 4.25 
1.0 - 1.1 (growth); 

3.3 - 3.7 (laying) 

Phosphorus % 0.45 - 0.50 0.35 - 0.45 0.35 - 0.45 0.35 - 0.45 

Magnesium % 0.06 0.05 0.05 0.05 - 0.06 

Potassium % 0.20 0.20 0.25 - 0.30 0.20 - 0.30 

Sodium % 0.10 - 0.20 0.10- 0.20 0.15 0.10 - 0.15 

Chlorine % 0.25 - 0.40 0.25 - 0.40 0.30 0.25 - 0.30 

Iron ppm (mg/kg) 60 - 80 60 - 80 60 - 80 60 - 80 

Copper ppm (mg/kg) 6 - 10 5 - 10 6 - 10 6 - 10 

Manganese ppm (mg/kg) 60 - 120 50 - 100 80 - 120 60 - 120 

Zinc ppm (mg/kg) 40 - 60 30 - 60 40 - 60 40 - 60 

Iodine ppm (mg/kg) 0.60 0.60 0.60 0.60 

Selenium ppm (mg/kg) 0.10 - 0.20 0.1 - 0.20 0.15 - 0.20 0.15 - 0.20 

Notes: Values followed by hyphen indicate ranges (such as 0.9-1.1). Values are approximate and may vary depending on factors such as birds age, breed, 

and sex as indicated by the National Research Council (NRC), (1994), Kingori et al, (2014), Alaru et al, (2024) and Ngaira et al, (2024). 

 

Reduction of anti-nutrients (mg/g) by LAB in Sorghum after Fermentation  

 
A Gram-positive bacterial species known as lactic acid bacteria (LAB) is 

fastidious, acid-tolerant, catalase-negative, lacking in cytochrome, and non-

respiring rod-shaped bacteria. They are also often non-sporulating. LAB is 
primarily involved in producing lactic acid as the sole product of the fermentation 

process as noted by Durand et al. (2010). LABs are highly valued in the food 

industry for their numerous benefits in food processing and fermentation. The 
growth and action of LABs during the preparation of cultured foods, or following 

ingestion of these foods, may lead to several health benefits as highlighted in Davis 

et al. (2012). Lactobacillus plantarum (L. plantarum, Table 6) is an example of 
LAB that has been used to increase the shelf life of food products and provide 

desired aromas that enhance the flavor. It has been used for a long time in the 

preservation of human food (Durand et al., 2010). It is therefore advisable to 
consider inoculation of fermentable material with LAB to ensure efficiency in the 

process. However, there are issues surrounding antimicrobial resistance (AMR) 

which need to be studied. 
 

Table 6 Reduction of anti-nutrients (mg/g) by LAB in Sorghum after Fermentation 

Anti-nutrient  Day 0 Day 3 Day 5 % Reduction 

Tannin 

L. plantarum 

L. brevis 

0.738 

 

 

0.425 
0.592 

 

0.207 
0.325 

 

72 
56 

Phytate 

L. Plantarum 

L. Brevis 

6.962 

 

3.945 
3.481 

 

2.785 
2.089 

 

60 
70 

Trypsin 

L. Plantarum 

L. brevis 

0.366 

 

0.334 

0.226 

 

0.115 

0.155 

 

69 

58 

Protease  

L. plantarum 

L. brevis 

1.750 

 

1.431 

1.303 

 

1.225 

1.050 

 

30 

40 

 Source Adeyemo et al. (2016) and Mugoti et al. (2022) 
 

Impact of other Sorghum Grain Processing Methods on Poultry Performance 

and Nutrient Utilization 

 

Grinding sorghum grain significantly influences feed characteristics, including 

digestibility, utilization, growth performance, and feeding costs 

(Mahasukhonthachat et al., 2010; Liu et al., 2015). Studies indicate that larger 

geometric mean particle sizes (GMPS) can enhance total weight gain and feed 

intake, thereby improving the feed conversion ratio (FCR) (Nir et al., 1990; 

Naderinejad et al., 2016; Lyu et al., 2020). However, neither particle size nor 

physical form (e.g., whole vs. ground) affects carcass yield (Seitz, 2019). For 

instance, Silveira et al. (2017) observed no differences in growth performance or 
carcass yield in broilers (21–49 days) fed diets containing 15–45% whole or 

ground sorghum, suggesting that high inclusion levels of whole grain may be 

feasible without compromising productivity. 
Further evidence supports that pelleted feeds containing ground or whole-grain 

sorghum yield similar weight gains in chickens, though whole grains promote 

gizzard development and increase gastrointestinal tract length (Moss et al., 2018). 

Similarly, Bennett et al. (2002) reported that whole-grain wheat diets improved 

the gain-to-feed ratio and gizzard weight without altering carcass yield. These 

findings highlight that particle size primarily affects nutrient availability and gut 
morphology rather than slaughter metrics. 

Poultry species (turkeys, layers, broilers) exhibit feed selectivity based on particle 

size. Unlike mammals, birds rely on the gizzard, not oral mastication, to grind feed 
particles before intestinal absorption (Moritz et al., 2023). This adaptation allows 

mature birds to digest whole grains efficiently, as demonstrated by Fernandes et 

al. (2013), who observed comparable growth in broilers fed whole sorghum. 
However, mechanical processing (e.g., grinding or scarification) remains critical 

to mitigate antinutritional factors (e.g., tannins, phytates), which otherwise impair 

amino acid availability and intake rates (Mugoti et al., 2022; Rachwał & Gustaw, 

2024). Thus, while whole grains support gizzard function, optimal processing 

balances nutrient release and ANF reduction. 

 

PROBIOTICS AND ADDITIVES IN POULTRY FEED FERMENTATION 

 

Probiotics and fermentation 

 

Probiotics are live microorganisms that, when administered in adequate amounts, 

confer health benefits to the animal host, particularly by supporting gut health and 
nutrient absorption (Ndudzo et al., 2022). In the context of fermented feed 

production, probiotics such as lactic acid bacteria (LAB), including strains like 

Lactobacillus plantarum, Lactobacillus acidophilus, and Pediococcus 
pentosaceus, are crucial for initiating and maintaining fermentation processes in 

sorghum. These LAB strains efficiently convert fermentable sugars in the sorghum 

grains into organic acids, such as lactic acid, which lowers the pH and preserves 
the nutritional quality of the feed (Ndudzo et al., 2022). By using probiotics 

specifically selected for their fermentative and preservative properties, 

fermentation improves the safety, stability, and digestibility of sorghum-based 
feeds. 

The application of probiotics in sorghum fermentation mimics the ensiling process 

traditionally used for forage plants but is adapted for grains. Under anaerobic 
conditions, LAB probiotics promote the production of lactic acid and, to a lesser 

extent, acetic and butyric acids. This leads to a rapid decrease in pH, which not 

only preserves the feed but also prevents spoilage by inhibiting unwanted 

microorganisms. Studies have shown that probiotic-fermented sorghum can 

enhance feed efficiency by reducing antinutritional factors and increasing nutrient 

bioavailability (Barekatain et al., 2013; Chen et al., 2025). However, careful 
management is required, as excess probiotic microorganisms may lead to nutrient 

loss in wet grains like sorghum due to over-fermentation, which can diminish feed 

quality. By leveraging probiotics tailored for fermentation, sorghum can be 
processed into a high-quality, stable feed suitable for long-term storage and 

efficient livestock nutrition. 

 
Benefits of probiotics in silage making 

  

In the fermentation of sorghum for livestock feed, lactic acid bacteria (LAB) act as 

effective probiotics that enhance feed quality and stability by increasing lactic acid 

and other organic acid production. These acids rapidly reduce the pH of the silage, 
creating an environment that inhibits spoilage microorganisms and preserves the 

nutritive value of sorghum. By lowering pH, LAB help to retain the sorghum’s 

carbohydrate content while making proteins and other nutrients more accessible 
for digestion, ultimately improving digestibility and enhancing dry matter intake 

(DMI) in livestock (Mugoti et al., 2022; Ndudzo et al., 2023). Additionally, when 

LAB inoculants are used with sorghum, they produce a more stable silage that 
maintains its quality during extended storage, which is particularly beneficial in 

warm climates where sorghum is often grown. The use of LAB as probiotics in 

sorghum silage production thus supports efficient nutrient utilization in poultry and 
other livestock, making fermented sorghum a reliable, high-quality feed source ( 

Chen et al., 2025). 
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Use of probiotic strains in silages 

 

Inoculation is a key practice in silage making, and it has proven effective in 

enhancing fermentation characteristics across a wide range of silages, including 

forage sorghum, alfalfa, wheat, and corn. Over 90% of silages inoculated with 

beneficial bacteria show improved fermentation profiles, higher lactic acid content, 
and better preservation, highlighting the value of inoculants in maintaining feed 

quality (Mugoti et al., 2022, Masemula, 2022). Recent research is now exploring 

the effects of probiotics in grain silages, and preliminary studies indicate promising 
results for sorghum silage. For example, probiotic strains can aid in fermenting 

sorghum-based chicken feed, enriching it with essential nutrients such as B 
vitamins and making the feed more palatable (García-Chávez et al., 2018). 

Effective forage preservation techniques, including probiotic inoculation, 

minimize spoilage and dry matter (DM) losses, which are crucial for retaining the 
energy content of the feed. Since the energy value of silage is directly related to 

the amount of DM preserved, inoculating sorghum silage not only helps in 

preserving nutritional quality but also supports efficient feed utilization, making 
fermented sorghum a valuable resource for poultry and other livestock (Ndudzo et 

al., 2023). 

 

Additives in Silage and Fermentation 

 

Additives can be natural or industrial products added to forage or grain during 
silage production (Nkosi et al., 2012). The primary purpose of additives is to 

control the nutritive preservation process to ensure that the forage or grain retains 

as many nutrients as possible from the original fresh plant or grains. Additionally, 
additives help to promote the growth of lactic bacteria during the fermentation 

process, which subsequently leads to the production of lactic acid in sufficient 

quantities necessary for producing high-quality silage or feed, an interesting 
potential for sorghum (Kung et al., 2018). 

 

Importance of additives in fermented feed production 

 

The use of additives in the fermentation of sorghum feed is crucial for optimizing 

feed quality and stability, particularly during the ensiling, storage, and feed-out 
stages. By controlling the fermentation process and minimizing nutrient losses, 

additives enhance the nutritive value and digestibility of sorghum, making it a more 

effective feed source for poultry. Additives such as molasses, enzymes, nutrients, 

and certain chemicals are commonly used to improve the anaerobic stability of 

fermented feeds, inhibit the growth of undesirable microorganisms (e.g., aerobic 

bacteria and fungi), and promote the dominance of lactic acid bacteria (LAB), 
which are essential for a successful fermentation process (Nkosi et al., 2012; 

Yibarek & Tamir, 2014). 

 
Molasses 

 

Molasses is a widely utilized additive in the ensiling of sorghum due to its high 
content of fermentable carbohydrates, which serve as a readily available energy 

source for LAB. By supporting LAB growth, molasses accelerates lactic acid 

production, which rapidly lowers the pH of the ensiled material, inhibiting spoilage 
organisms and preserving the nutritive value of sorghum (Muck et al., 2018). This 

is particularly valuable when ensiling lower-quality forages or when ensiling in 

warm-season climates where sorghum is often grown. Although molasses can be 
viscous and challenging to apply, diluting it with warm water can facilitate even 

distribution and prevent seepage, typically at 4-5% concentration when ensiling 

sorghum (Yibarek & Tamir, 2014). 

 

Enzyme additives 

 

Enzyme additives play a critical role in enhancing the digestibility of fermented 

sorghum feed by breaking down plant cell walls, particularly cellulose and 

hemicellulose, into fermentable sugars. These sugars not only support the growth 
of LAB but also lead to a higher production of lactic acid, reducing pH and 

improving silage stability (Kung et al., 2018). Enzyme-treated sorghum feed has 
demonstrated benefits in poultry nutrition, such as increased palatability, better 

nutrient absorption, and overall improvements in feed conversion ratios (Yibarek 

& Tamir, 2014). Combining enzyme additives with LAB further improves the 
lactic acid-to-acetic acid ratio, promoting stable and high-quality fermented 

sorghum feed. 

 
Nutrient Additives 

 

Ammonia and urea are the two main nutrient additions used in the production of 
sorghum silage. In the past, silage has often been produced using molasses and 

ammonia mixtures. The benefits of utilizing ammonia included an improved 

source of crude protein, silages with increased aerobic stability, reduced heating 
and molding during ensiling, and less protein breakdown in the silo (Garca-López 

et al., 2021). Corn silage, small cereal grain silage, and high-moisture corn have 

all been successfully treated with ammonia (Yibarek and Tamir 2014). Its 
application is particularly adaptable because ammonia can be injected at the 

blower, bagger, or bunker stages. Higher dry matter forages typically have urea 

added, which raises the crude protein level and aerobically stabilizes silage for 

feed-out (Garca-López et al., 2021). Other additives used in the production of 

silage include calcium carbonate, ammonium sulfate, biuret with urea, and other 

sources of starch. A few minerals have also been added to silages, including 

calcium, phosphorus, magnesium, and sulfur. Instead of assisting in the 
fermentation process, these minerals function as buffers, resulting in increased pH 

(Atuna et al., 2022). Minerals are also included because they improve the 

nutritional balance of the silage mixture (Yibarek and Tamir, 2014).  
 

Chemical Additives 

 

The main purposes of chemical additives like acids are to lower the pH of silages 

or lengthen their bunk life. Formic acid and mineral acids can be supplied at rates 
of 15 kg per wet ton of raw material to reduce the fermentation losses of nutrients 

like proteins and carbohydrates. These acids include sulphuric acid and 

hydrochloric acid. Yibarek and Tamir (2014) found that when acids are 
introduced to plant material, the plant's respiration rate is stopped, which 

minimizes heat and nutrition loss. Gain silages, like sorghum, can become 

hazardous for the animals being fed if acid is applied more frequently, which can 
also result in excess effluent. Because they can damage equipment and animals, 

most acids are not used frequently. A study by Franco et al. (2019) demonstrated 

that the use of a chemical additive in wheat grain fermentation restricted bacterial 
activity but did not enhance aerobic stability, which could be an important 

consideration when applying similar additives in sorghum fermentation. 

 
CHALLENGES AND LIMITATIONS 

 

While sorghum is recognized for its nutritional benefits and adaptability in various 
agricultural contexts, its use in poultry feed presents several challenges and 

limitations. These include amongst the following:  

 
Cost and Market Volatility 

 

One of the primary limitations of using sorghum as a poultry feed ingredient is its 
higher cost compared to traditional grains like maize. The price of sorghum can 

fluctuate significantly due to market demand, availability, and production 

challenges, which can pose financial constraints for poultry producers, particularly 

smallholder farmers operating on tight margins (Raza et al., 2019). To mitigate 

this, blended feeding strategies (e.g., 50% sorghum + 50% maize) and government-

supported price stabilization programs have shown promise in reducing costs while 
maintaining nutritional value (FAO, 2021). 

 

Nutritional Limitations and Antinutritional Factors (ANFs) 

 

The nutritional profile of sorghum may not always align perfectly with the dietary 

requirements of poultry, necessitating careful formulation of feed rations to ensure 
balanced nutrition. Several challenges associated with the use of sorghum in 

poultry feed can affect overall production efficiency. Notably, the presence of 

antinutritional factors (ANFs), such as phytates and tannins, can hinder nutrient 
absorption and negatively impact poultry health if not adequately managed 

(Adeyemo et al., 2016). Phytate, found primarily in the seed coat and germ of 

sorghum, forms complexes with cations, decreasing their bioavailability, while 
tannins are concentrated in the seed coat beneath the pericarp (Kaufman et al., 

2013). These ANFs can lead to reduced feed efficiency and impaired growth rates 

in poultry if high levels of sorghum are included in their diets without proper 

processing. Fermentation has been proven to reduce tannins by 40–60% and 

phytates by 50%, while enzyme supplementation (e.g., phytase at 500–1,000 

FTU/kg feed) can further improve mineral absorption (Zhang et al., 2023). 
Capacity-building programs for farmers on these techniques are essential to 

maximize sorghum’s potential. 

 
Toxicity Risks 

 

Careful management practices are essential to avoid health hazards when feeding 

sorghum to poultry (Etuk et al., 2012). Sorghum can pose risks of nitrate and 

cyanide poisoning if fed in excessive amounts. Additionally, sorghum grown under 
high-temperature conditions can contain lethal levels of prussic acid, which can be 

fatal to livestock (Etuk et al., 2012; Sanjana Reddy, 2017). To counteract these 

risks, pre-feed testing using rapid cyanide test kits (<5 ppm safe threshold) and 
controlled feeding regimes (e.g., avoiding hungry birds overconsuming sorghum) 

are recommended (APVMA, 2023). In cases of poisoning, immediate veterinary 

intervention with sodium thiosulfate as an antidote can save livestock. 
 

Fermentation Management 

 

The use of preserved forages is a practice present in many properties to supply the 

lack of food in critical periods for ruminants, however, the fermentation process 

and the silage's quality are both impacted by several variables. Muck et al. (2018) 
claim that the primary issue of ensilage is to conserve nutrients through a 
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fermentation process that produces high nutritional and microbially superior 

quality, limiting fermentative losses. Prolonged fermentation of grain (more than 

7 days) may result in loss of carbohydrates through the use of microbes which 

ultimately results in the accumulation of lactic acids and lowered pH values 

(Ahmed et al., 2023). Optimizing fermentation duration (3–5 days) and using 

starter cultures (e.g., Lactobacillus plantarum) can enhance nutrient retention 
while preventing excessive acidification (Olukomaiya et al., 2020). The following 

factors affect seed fermentation;  

                                   
a) Respiration 

 

Seed respiration plays a key role in hindering the successful outcome of the 

conservation process. The seeds entering a silo will start respiration as conditions 

allow for germination. The presence of water, light, oxygen, and heat will 
accelerate the respiration process (Maity et al., 2023). If a silo is filed slowly or 

imperfectly sealed, too much respiration occurrence may result in potential 

setbacks. Respiration causes loss of dry matter and this dry matter is lost rapidly 
by fermenting carbohydrates representing the loss of energy value of the crop as 

well as lactic acid formation (da Silva et al., 2017). Also, prolonged respiration 

days on the onset of pH decline allow detrimental microbial activity to continue. 
Finally, respiration produces heat that may increase the formation of bad products 

including acid detergent insolubles. 

 
b) Proteolytic activity 

 

The activity of plant proteases in silage-making is affected by pH, time, dry matter 
content of the seed, and temperature. The effects of pH on plant proteases have 

been studied in legumes. Proteolytic activity decreases with a prolonged duration 

of fermentation in the silo. The decline in proteolysis rate with time is independent 
of dry matter thus measures to reduce proteolysis must be effective upon ensiling 

silage. Dry matter content is also a significant factor affecting protease occurrence, 

increasing temperatures over the range of 10oC increases proteolyze rate as a result 
it affects the fermentation (Nkosi et al., 2012). 

 

c) Clostridial fermentation 

 

Clostridial fermentation is a problem in silage-making. In high dry matter silages 

that have minimal moisture available, Osmo-tolerant LAB may become a limiting 

factor in the silage-making process. Seeds that contain dry matter (DM) above 50% 

are particularly difficult to ensile, as noted by Wróbel et al. (2023). To combat this 

issue, additives that promote silage fermentation can be used to reduce clostridial 
spore counts. An effective fermentation stimulant for this purpose is molasses. 

Additionally, to prevent clostridial growth, additives based on ingredients such as 

formic acid, hexamethylene, and nitrite appear to be the most effective inhibitors. 
Mechanical scarification of seeds can also help avail water-soluble carbohydrates 

to the microbes thereby promoting excellent fermentation. It is clear that to inhibit 

aerobic spoilage, spoilage organisms, in particular, the causative organisms (yeasts 
and acetic acid bacteria) at the onset of deterioration in their activity and growth, 

and silage additives should be used to produce good silage (Yibarek and Tamir, 

2014).  
 

d) Aerobic microbial activity 

 

Air is an important factor affecting silage fermentation. Its presence exerts 

influence through the activities of aerobic microorganisms such as bacteria, aerobic 

fungi, and yeast (Ahmed et al., 2023). These microorganisms utilize forage 

nutrition thereby lowering the nutritive value of silage by altering its physical and 

chemical characteristics (Muck et al., 2018). Aerobic conditions are unsuitable for 

silage making because too much exposure to air at the start of fermentation 
prolongs the metabolism resulting in the unwanted microbes thriving which 

ultimately delays the growth of beneficial (probiotic) bacteria that produce lactic 

acid (Muck et al., 2018). This obviously will lead to undesirable fermentations and 
a significant loss in feed nutritive value. Furthermore, the processing of sorghum 

for poultry feed can present difficulties. Techniques such as grinding and 
fermentation are essential for improving digestibility and reducing ANFs; 

however, these processes can increase production costs and require additional labor 

and equipment (Liu et al., 2015). Farmers must weigh the benefits of using 
sorghum against these processing challenges, especially in regions where resources 

are limited. 

 
FUTURE RESEARCH DIRECTIONS 

 

The potential of sorghum as a feed ingredient for poultry is substantial, however, 
addressing existing research gaps is essential for maximizing its benefits and 

ensuring sustainable agricultural practices. One significant area for future research 

is the optimization of fermentation processes for sorghum. While current studies 
have demonstrated the advantages of fermentation in improving digestibility and 

reducing antinutritional factors, there is a need for more comprehensive 

investigations into the specific conditions that maximize these benefits. This 
includes examining various fermentation durations, temperatures, and microbial 

strains to identify optimal combinations that enhance the nutritional profile of 

sorghum (Hadebe et al., 2017; Silveira et al., 2017). Additionally, research should 

explore the impact of different fermentation substrates, inclusion levels and 

methods on the production of beneficial metabolites, such as organic acids and 

probiotics, which can further support poultry health (Adebo, 2020). 

Another critical research direction involves the exploration of new probiotics or 
additives that can be incorporated into sorghum-based diets to enhance feed value. 

While existing probiotics have shown promise in improving gut health and nutrient 

absorption, there is still a limited understanding of how specific probiotic strains 
interact with sorghum and its fermentation products. Upcoming studies should 

investigate the efficacy of various probiotic formulations and natural additives, 
such as enzymes and herbal supplements, in conjunction with fermented sorghum 

to determine their synergistic effects on poultry performance and health (Ndudzo 

et al., 2023). Furthermore, research should aim to evaluate the long-term impacts 
of feeding fermented sorghum on poultry health and productivity, including 

aspects such as immunity, disease resistance, and overall welfare.  

 
CONCLUSION 

 

The utilization of drought-resistant crops such as sorghum presents a promising 
alternative for enhancing energy provision in poultry diets. Its ability to offer high 

nutritional value and microbiological quality is crucial for promoting poultry 

health and growth. However, addressing the challenges posed by antinutritional 
factors (ANFs) is essential to maximize the benefits of sorghum as a feed 

ingredient. Fermentation has emerged as a highly effective practice for improving 

the digestibility and nutrient availability of sorghum, thereby enhancing its overall 
feed value. Additionally, the incorporation of specific additives during 

fermentation can further optimize these benefits, highlighting the importance of 

ongoing research in this area. Future studies should focus on the activity of ANFs 
and antioxidants in fermented sorghum, as there is currently limited information 

available on their impacts. Furthermore, investigating the effects of various 

additives and the optimal duration of grain storage on fermentation processes will 
be crucial for developing best practices in poultry nutrition. 
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