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Introduction 

Feed grains, particularly those obtained from cereals and legumes, are the main components of broiler feed and contribute 

largely to carbohydrates and proteins. Soybean, groundnut, millet, oats, barley, rye, sorghum, wheat, maize, and rye are the 

preferred grains for broiler feeding [1]. The high cost of these grains caused by feed-food competition has hampered poultry 
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production in developing countries. In addition, the use of grains in poultry feed is constrained by the presence of Antinutritional 

Factors (ANFs) such as β-glucans, pentosans, trypsin inhibitors, phytates and several others which may result in poor 

digestibility and utilization [2, 3]. The use of autoclaving, enzyme supplementation, fermentation, alkaline, and urea treatment 

to improve utilization of feed grains in poultry nutrition have been investigated with limited success [4-8]. Thus, this has 

compelled researchers to search for sustainable alternatives [9]. The use of HDF technology (a technique for cultivating crops 

in water or nutrient-rich solutions without soil), one such innovative and sustainable method of improving the nutritional quality 

of feed grains has been advocated [3, 10]. 

HDF production systems require small land space and need a smaller quantity of water compared to traditional 

(conventional) fodder production system.  In comparison with conventional fodder production, 6-8 kilograms of green fodder 

can be produced from one kilogram of grain within one week, regardless of season [3]. Studies have shown that fodder 

produced via the HDF technique has a higher nutrient content than the original dry grains [10, 11]. The process of soaking 

and germination (sprouting) often results in reduced Dry Matter (DM) content of the seed and increased crude protein, 

minerals (phosphorus, calcium, and iron), and vitamins (vitamin E and β-carotene) content of the fodder by activating the 

activities of digestive enzymes such as protease, lipase, amylases, and β-glucanases [11]. 

The positive effects of HDF on broiler performance have been reported [10, 12, 13]. However, some researchers indicated 

that HDF did not affect broiler productivity and health [14, 15], or decreased broiler productivity [16-19]. Therefore, the varied 

responses of broilers to HDF need to be understood as to use these findings in decision-support systems in the poultry 

industry. Therefore, the objectives of this paper were (1) to review historical perspectives of HDF production, procedures for 

producing HDF, and its impact on the environment, (2) to assess the nutrient content of HDF compared with the original dry 

seeds, and (3) to ascertain the effects of HDF-based diets on broiler performance and economics of production.  

Hydroponics: Definition and Brief Historical Perspectives 

The term hydroponics stems from two Greek roots: hydro (water) and ponos (to labor or water-working). Hydroponics is 

based on the idea that plants need nutrients rather than soil to grow and thrive. It is the process of growing plants in water or 

nutrient-rich solutions for a short time. A variety of terms are used interchangeably with HDF, including grain sprouts, artificially 

grown forage, hydroponic seedlings, hydroponic sprouts, alfaculture, seed-type feed, hydroponic greens, sprouted fodder, 

and several others in various geographical locations [20, 21]. Forage cultivation under a hydroponic system is not a new 

activity [22]; in fact, it dates back over 4000 years ago [23] as shown in Table 1.  

Table 1: History of HPF 

Year  Activity  

1800 European farmers included sprouted feed grains in winter diets to boost milk production in ruminants [24] (Bakshi et 
al. 2017). The German botanist Julius von Sachs discovered that plants could utilize nutrients from water, providing 
the ground for modern hydroponics [26] (Dowrah and Reena 2018). 

1920 Dr Williams F. Gericke of the University of California created the word ‘hydroponics’ and set up a commercial HDF 
unit in the United States.  

1699 John Woodward published an article on the growth of plants in water, marking the beginning of modern hydroponics 
research. 

2000 The development of Light-Emitting Diode (LED) lights and other advanced technologies further increase the efficiency 
and productivity of hydroponic systems.  

2010 The rise of urban agriculture and vertical farming led to increased interest in hydroponics as a sustainable and space-
efficient way to grow food. With the advances in automation, Artificial Intelligence (AI), and data analytics, hydroponics 
continues to evolve, enabling more precise and efficient control over growing conditions.  

Methods for Hydroponic Fodder Production 

In general, there are two methods of producing HDF. This includes the low-cost hydroponic system and the hi-tech 

commercial system. The latter is automatic and capital-and energy-intensive [3, 26], while the former is economical and has 

gained acceptance in developing nations. Apart from seed and water, trays (which can be plastic or metallic), racks, and a 

shed are needed for producing HDF [27]. The shed creates a microenvironment to ensure optimum temperature (19-22°C), 
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sunlight (2000 lux for 12-16 h), and humidity (60%) for seed growth [24]. There exists a difficulty in regulating the internal 

environment (humidity and air circulation) in locally designed low-cost HDF units, especially on dry hot summer days, which 

may affect the yield of forage biomass [24]. Good quality and intact seeds without physical or fungal damage can be grown 

with fresh water or in nutrient-enriched solutions. According to Gunasekaran et al., maize seeds grown in water yield more 

biomass than those grown in other nutrient-enriched solutions [28]. Chethan et al. observed that levels of minerals and crude 

protein were raised in HDF produced with nutrient solutions [20]. The production of HDF involves physiological transformation 

from seeds rich in starch into leaves, which is an energy-consuming process. Soaking softens the hard seed coat, facilitating 

germination through the rapid uptake of water, initiating metabolism and utilization of reserve materials of seeds.  

The seeds are usually soaked in 4% vinegar, or 0.1-1.5% sodium hypochlorite or 1-2% hydrogen peroxide for 30 minutes 

to prevent mold growth. There is scanty information on safety or residue effects of vinegar, sodium hypochlorite and hydrogen 

peroxide on poultry. Thus, more study is needed in this direction. The various steps involved in HDF production have been 

reviewed [3]. Maize, barley, oat, rye, wheat, sorghum, triticale, and millet are the most common cereal used in HDF production, 

as cowpea, alfalfa, horse gram, sun hemp, moth bean, and rice bean are the most common legumes [3]. The fresh fodder 

yield of the common grains is ranged between 3.0-8.6 kg fodder/kg seed for the cereals and 6.6-13.5 kg fodder /kg seed for 

the legumes. The optimal seed density loaded into a tray for each crop is critical because it affects the quality of HDF. Mahesh 

et al. recommend a seed rate of 4-6 kg/m2 for barley, wheat, or sorghum, 6.4-7.6 kg/m2 for maize, and 2.54 kg/m2 for cowpea 

[3]. Ningoji et al. discovered that a lower seed rate of 2.50 kg/m2 was optimal for hydroponic maize production in terms of 

yield and cost [29]. In addition, a high seed rate can lead to fungal contamination in the root mat, whereas a low seed rate 

produces less forage biomass [30]. HDF production is highly efficient in terms of water saving and consumes about 3-5% of 

the water used under field conditions to generate the same quantity of fodder [20, 23]. This indicates that HPF technology 

has the potential to reduce water footprint by increasing the water-use economy. The HDF system is a potential solution in 

locations where there is scarcity of water. 

Environmental Impact of Hydroponics Fodder Systems 

In the agricultural sector, feed production and enteric fermentation are the two largest sources of greenhouse gas (GHG) 

emissions [31]. For example, hydroponics has been demonstrated to release fewer GHG emissions than traditional 

(conventional) farming methods, reducing global warming and carbon footprint [32]. According to VijayKumar et al., 

hydroponic systems require less land and water than traditional soil-based farming methods, making them suitable for use in 

urban agriculture and in water/land-and-scarce regions [33]. It also allows for vertical farming (stacking crops in layers in an 

indoor or controlled environment) to maximize space, increase yield (Fig. 1), and preserve natural habitats [34, 35]. Naik and 

Singh found that up to one ton of maize fodder can be produced daily from a 45–50 m2 space under hydroponic systems, 

which is equivalent to 25 acres of arable land utilized to produce the same quantity of feed under the traditional farming 

system. A previous study shows that under a hydroponic system, 1.5-2.0 liters of water are required to grow 1 kg of fodder, 

as opposed to 73-160 liters of water required to produce 1 kg of green fodder under traditional field conditions [36]. 

Hydroponics often utilizes fewer chemicals compared to traditional soil-based farming methods, thus minimizing the adverse 

effect of these chemicals on soil and water bodies [9]. With hydroponics, fodder can be grown all year round, regardless of 

season [3, 36].  

Despite the positive impact of hydroponics on the environment, it has been observed to have the following negative 

impacts on the environment [36]:  

1). It requires large amounts of energy to power lighting, heating, and cooling systems;  

2). It also needs a steady supply of nutrients, which can result in resource depletion and environmental degradation;  

3). Hydroponics can generate a substantial quantity of waste, including nutrient-rich effluent and discarded plant material;  

4). If not well handled, hydroponics can cause water pollution through the release of nutrients.  

However, the observed adverse consequences of hydroponics can be mitigated by  

(1). The use of renewable energy sources (solar or wind power), which can lower the carbon footprint of hydroponics;  

(2). Implementing recycling and reuse systems can minimize waste generation and lessen the demand for non-renewable 

resources;  
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(3) Adopting sustainable nutrient management methods, such as organic nutrient sources, can lessen the environmental 

impact of hydroponics; and (iv). Implementing water conservation and management measures, such as rainwater 

harvesting and efficient irrigation systems, can minimize water waste and pollution. 

 

Fig. 1: Food yield biomass under hydroponic fodder production system. Adapted from [3] 

Nutritional Value of Hydroponic Fodder 

The nutrient quality of HDF is comparable to that of conventional leguminous fodder but superior to that of conventional 

cereal fodders [37]. The sprouting process has been demonstrated to trigger enzymes that convert protein, starch, and fats 

in the original grain to amino acids, soluble sugars, and essential fatty acids, respectively, resulting in energy loss in the 

original grain. As a result, HDF has lower DM content than the original seeds [3]. Nonetheless, the reduced DM in seed 

sprouts during hydroponics, relative to the original seeds, may be traced to increased water intake during sprouting which 

elevates the moisture content. Naik et al. showed that during sprouting, the DM content of cowpea, maize, and barley seeds 

was reduced by 6%, 11–14%, and 19%, respectively, due to the conversion of starch to simple sugar [12,21,38,39]. In a 

similar study, Baye et al. demonstrated that apart from DM, Hydroponic Barley Fodder (HBF) had higher proximate values 

than original barley grain [10]. Gunasekaran et al. also noticed that except for DM value, Hydroponic Maize Fodder (HMF) 

had improved proximate values compared to original maize grain [28]. The reduced DM in HDF compared to original grains 

implies that feeding birds with HDF can result in poor feed intake, nutrient utilization, body weight gain (BWG) and litter quality 

[28]. Gunasekaran et al. found that HMF grown in nutrient solutions had a higher DM value (20.6%) than HMF grown in water 

only (17.7%). However, these values were lower than the DM value of 88–94.4 reported for maize grain [40–41]. Al-Kanaan 

showed that sprouting increased crude protein (CP), crude fiber (CF), and extract (EE) content in barley grain by 93%, 40%, 

and 53%, respectively, and reduced the nitrogen-free extract (NFE) content by 18% [42]. Likewise, Alshamiry reported a 25%, 

105%, and 46% increase in CP, EE, and ash content of barley grain, respectively after 8 days, with decreasing NFE and 

metabolizable energy (ME) levels [43]. The reduction in NFE and ME in HDF reflects the loss of DM mainly in the form of 

carbohydrates as reported by other investigators [17,3]. These findings agree with the results of other studies, which 

demonstrated that grain sprouts are higher in nutrients than the original grain [40–41] as shown in Table 2. Similar studies 

found lower cell wall components and ME in feed grain sprouts than in the original grain [38,11,3]. The DM, CP, CF, EE, and 

ash values reported for barley sprouts by Abouelezz et al. were similar to the values earlier reported by other researchers 

[11,38,44]. Sprouting of feed grains increased their EE, CP, digestible energy, fats, vitamin, and mineral levels. It also serves 

to remove phytic acids from cereal seeds [30], resulting in improved HDF digestibility and utilization by chickens [20]. Studies 

have shown that HDF contains important vitamins, minerals, and bioactive compounds with the potential to improve broiler 
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productivity [24,3]. The β-carotene content of HMF increased by 90% after 8 days of sprouting compared to the original seeds 

[28]. In general, the CP value of HMF can be compared to a blend of legume and non-legume fodder and is high in 

micronutrients [21]. 

Table 2: Comparison of nutrient content of feed grains and their sprouts   

Nutrients (%) 
Maize Barley Sorghum 

Maize grain HMF Barley grain HBF Sorghum grain HSF 

Dry matter 88-94.4 12.5-25.0 89.1-93.1 12.6-14.0 90.4 84.2-93.2 

CP 6.8-10.1 10.6-23.0 9.2-12.7 12.8-20.3 9.3 10.8 -18.9 

CF 0.8-7.1 3.4-14.8 4.5-6.3 6.3 1.0 4.7 -12.0 

EE 1.8-2.6 2.3-4.7 1.8 -2.2 3.4 - 4.2 4.9 2.4-1.1 

Ash 0.8-1.4 1.8-4.0 2.8-4.0 4.0 1.7 1.8-6.3 

NFE 50.6-76.3 56.6-77.5 26.7-80.7 66.1 73.5 64.2-66.5 

ME (Kcal/kg) 3923.0 2905.2 - 3441.1- 3550.8 3270–3653 3274-3115 

HMF- hydroponic maize fodder; HBF- hydroponic barley fodder; HSF- hydroponic sorghum fodder 

Effect of HDF on Growth Dynamics of Broilers 

Growth performance indicators of broilers are often expressed as feed intake, feed conversion ratio (FCR), and body 

weight gain (BWG). Baye et al. [10] and Zohrabi et al. [13] reported that HDF improved growth performance metrics, as shown 

in Tables 3–5. This improvement in growth performance could be linked to the enhanced nutritional quality of HDF, as 

sprouting increases the nutritional value of feed grains [30,38]. Baye et al. [10] showed that broilers receiving dietary HDF 

supplementation had higher feed intake than those fed diets without HDF. This observation may reflect a compensatory 

response by birds to meet their energy and nutrient requirements, as HDF is often low in dry matter (DM) content [3,21]. 

Zohrabi et al. [13] found that broilers fed sprouted barley had higher feed intake and BWG than those fed diets without HDF, 

which is consistent with the findings of Baye et al. [10]. However, this contrasts with the findings of Atturi et al. [45], who 

reported reduced BWG in broilers fed HMF-based diets for 21 days. This discrepancy may be attributed to differences in the 

inclusion level of HMF in the diet. 

HDF may also improve BWG in broilers through several mechanisms, including: (1) modulation of gut microecology in 

favor of beneficial intestinal microbes [42]; (2) increased feed intake and nutrient digestibility [3,10]; (3) improved immunity 

and gut health [46]; and (4) provision of essential nutrients such as proteins, fats, minerals, lysine, β-carotene, ascorbic acid, 

tocopherol, and retinol [10,11,42]. 

It has been reported that sprouting activates several physiological processes in grains, including the synthesis and release 

of gibberellins, which regulate plant growth and development. These hormones act on deoxyribonucleic acid (DNA) in the 

aleurone layer, promoting the expression of genes encoding enzymes responsible for the degradation of carbohydrates and 

other storage compounds [47]. Amylase, for instance, converts starch into simple sugars that can be utilized by the embryo 

[48]. The conversion of starch into simple sugars, along with the breakdown of non-starch polysaccharides and other anti-

nutritional factors (ANFs), contributes to increased feed intake and BWG in broilers [49]. Sprouting may also hydrolyze water-

soluble non-starch polysaccharides in feed grains. 

Mahesh et al. [3] reported that sprouting reduced the crude fiber (CF) content of grains, which has been associated with 

improved feed intake, FCR, and BWG in broilers [10]. Similar findings were reported by Svihus et al. [50]. However, these 

results differ from those of Younis et al. [51], who observed no significant differences in feed intake, FCR, and BWG in chickens 

fed HSF-based diets for 38 days. Similarly, Maidala et al. [52] reported comparable BWG in broilers fed HSF-based diets. 

The improved FCR observed by Baye et al. [10] in broilers fed HDF-based diets, compared to those fed control diets, may 

be attributed to enhanced villus function, leading to improved nutrient absorption and utilization. In contrast, Lasisi [17] and 

Atturi et al. [45] reported poorer FCR in broilers supplemented with HDF maize. These inconsistencies in growth performance 

may be attributed to variations in factors such as broiler age, strain, inclusion level of HDF, and environmental conditions. 

Therefore, further studies are required to determine the extent to which these variables influence growth performance 

outcomes. 
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Several studies have demonstrated that hydroponic processing reduces major ANFs, such as phytic acid and non-starch 

polysaccharides, while enhancing nutrient availability in feed grains [3,42,53]. The reduction of ANFs is likely a key factor 

contributing to improved FCR in broilers fed HDF-based diets. 

Table 3: Effect of HDF on average daily feed intake (ADFI) of broilers 

Ref. 
HDF 
type 

Dosage 
(%) 

Feed intake (g/birds) 

Main findings CTL 
group 

Exptal 
group 

[17] HSF 0, 5, 10, 
15, 20 

61.08 49.6 -62.8 The inclusion of high levels (15% and 20%) of HSF in stater broilers reduced 
their ADFI. However, starter broilers fed 5% HSF had similar ADFI to the 
control. 

[17] HSF 0, 5, 10, 
15, 20 

140.8 105.8-124.4 The addition of 10, 15, and 20% HSF to the diets of finisher broilers 
significantly reduced ADFI, while broilers fed 5% HSF had similar ADFI. 

[12] HWF 0, 2.5, 5, 
7.5 

70.4 69.6-72.4 Broilers fed 2.5% HWF had numerically lower ADFI than the control, but those 
fed 5 and 7.5% had their ADFI increased by 3 and 5%, respectively. 

[10] HBF 0, 3.5, 7, 
10.5 

105.5 107.3-112.7 Incorporation of HBF to broiler diets increased ADFI in Cobb 500 broilers by 2 
to 7%. 

[13] HBF 0, 54.5 136 173 Dietary HBF improved ADFI in starter broilers. 

[13] HBF 0, 63.1 113.2 120.5 HBF-based diets increased ADFI by 6% in finisher broilers 

HSF – hydroponic sorghum fodder; HWF – hydroponic wheat fodder; HBF – hydroponic barley fodder; CTL - control 

Table 4: Effect of HDF on BWG of broilers 

Ref. 
HDF 
type 

Dosage (%) 

BWG (g/birds) 

Main findings CTL 
group 

Exptal 
group 

[17] HSF 0, 5, 10, 15, 
20 

35.8 18.4-36.8 Dietary HSF (10, 15, and 20%) reduced BWG in starter broilers. 

[17] HSF 0, 5, 10, 15, 
20 

38.1 22.3-33.5 HSF (5, 10, 15 and 20%) reduced BWG in finisher broilers. 

[12] HWF  0, 2.5, 5, 7.5 42.1 41.3-51.4 Broilers offered HWF at 5.0% superior BWG than broilers fed HWF at 
0, 2.5 and 7.5%. 

[10] HBF 0, 3.5, 7.0, 
10.5 

47.0 50.7-56.4 HBF supplementation increased BWG in Cobb 500 broilers  

[13] HBF 0, 54.5 84.0 109.0 HBF increased BWG in broilers by 10% during the starter phase. 

[13] HBF 0, 63.1 60.7 67.2 HBF improved BWG in broilers by 2% during the finisher phase 

Table 5: FCR of broilers fed HDF-based diets  

Ref. 
HDF 
type 

Dosage 
(%) 

FCR 
Major findings CTL 

group 
Exptal 
group 

[17] HSF 0, 5, 10, 
15, 20 

1.71 1.71-2.76 Inclusion of HSF in starter broilers at 10, 15 and 20% had adverse effect on FCR. 
However, broilers fed 5% HSF compared favourably with the control in term of 
FCR. This implies that 5% could be the best inclusion level of HSF that optimized 
FCR in broilers during the starter phase. 

[17] HSF 0, 5, 10, 
15, 20 

3.74 4.28-4.86 Dietary HSF (5-20%) resulted in poor FCR during the finisher phase, suggesting 
poor quality of the treatment diets 

[12] HWF  0, 2.5, 5, 
7.5 

1.64 1.47-1.72 Broilers on dietary HWF supplementation at 5% had significantly better FCR than 
those on the other three diets. This indicates that HWF can be added up to 7.5% 
in the broiler diet 

[10] HBF 0, 3.5, 
7.0, 10.5 

2.24 2.0-2.11 Cobb 500 broilers on dietary HBF had superior FCR to those on the control diet. 

[13] HBF 0, 54.5 1.61 1.58 Dietary HBF enhanced FCR in starter broilers. 

[13] HBF 0, 63.1 1.86 1.79 Dietary HBF improved FCR in finisher broilers 

Influence of HDF on Carcass Characteristics, Organ Weights, and Meat Quality 

Baye et al. [10] noticed improved carcass yield, dressing percentage, and cut-part weights (drumstick, thigh, and breast) 

of broilers fed HBF-supplemented diets, which agreed with the findings of Dastar et al. [54]. In a similar study, Ali et al. [55] 

found increased carcass yield in broilers offered diets supplemented with HWF. The beneficial effect of HDF on carcass 

characteristics of broilers might be explained by enhanced quality of the HDF-based diets [3,24] as sprouting increases the 
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lysine content in seed sprouts [42], which plays a vital role in the formation of muscle protein in chickens [56]. In contrast, 

others [13,57] reported that inclusion of HBF in broiler diets did not increase carcass yield, dressing percentage, or weights 

of breast, spleen, and liver. These findings support Sultana et al. [12], who demonstrated that HWF supplementation at 2.5, 

5.0 and 7.5% for 32 days did not affect dressing percentage, cut-part weights, internal organ weights (liver, heart, gizzard), 

and abdominal fat content in broilers. Also, Younis et al. [51] recorded similar dressing percentages and relative organ weights 

(liver, gizzard, heart, testes) in birds fed sorghum sprouts. However, these findings disagree with Kidulani et al. [58] and 

Zohrabi et al. [13], who found decreased carcass yield, Bursa of Fabricius, and abdominal fat in chickens fed HDF-based 

diets. The inability of HDF to improve carcass yield in broilers may be attributed to the presence of ANFs, which may exceed 

the tolerance level of the birds [58]. The deposition of high levels of fat in the abdomen of broilers fed HDF suggests poor 

utilization of dietary energy. Similar abdominal fat content in broilers fed HBF, as reported by Zohrabi et al. [13], suggests 

better dietary energy use efficiency. Baye et al. [10] showed that HBF had no significant effect on pH, water holding capacity 

(WHC), and cooking losses in broiler meat. Similarly, the inclusion of bean sprouts in the diets of broilers did not affect WHC 

of broiler meat [59]. 

Effect of HDF on Blood Chemistry and Hematology 

Blood is used as an index of health and nutritional quality of feedstuffs [10,60]. The blood components mostly affected by 

nutrition include red blood cells (RBC), hematocrit, hemoglobin (Hb), white blood cells (WBC), protein (albumin and globulin), 

glucose, total cholesterol, triglycerides, among others. A higher WBC level suggests a better ability to combat diseases. The 

5% increase in WBC count in finisher broilers fed sprouted seeds may be attributed to the quality of the protein contained in 

the diet [46,61]. This increase in WBC count of broilers fed sprouted seeds may be the likely explanation for the reduced 

mortality rate in broilers as reported by Alewi et al. [57] and Baye et al. [10]. The high levels of bioactive compounds (flavonoids 

and polyphenols) in HDF [62] may facilitate their use in broiler nutrition as a feedstuff. Clinical data strongly support the 

relationship between diets and blood cholesterol levels in broilers [63–64]. Feeding sprouted barley to broilers increased the 

concentrations of blood total cholesterol, low-density lipoprotein cholesterol (LDL-c), total protein, and uric acid by 9, 20, 7, 

and 6, respectively, compared to broilers fed a diet without sprouted barley [13]. The authors also found that sprouted barley 

had no effect on high-density lipoprotein cholesterol (HDL-c), lymphocytes, heterophils, and H/L ratio in broilers. This 

observation may be due to the ability of the HDF technique to reduce the amount of fiber contained in the diet, as low-fiber 

diets negatively impact blood lipid levels, potentially leading to higher levels of total cholesterol and LDL-c. The significantly 

higher level of uric acid observed in broilers fed sprouted barley could be connected to increased blood uric acid formation as 

a result of large amounts of amino acids being catabolized. The inclusion of HWF in broiler rations decreased the 

concentrations of triglyceride and cholesterol and increased the concentration of HDL-c [12]. This finding is consistent with 

Younis et al. [51], who reported that replacement of yellow maize (25, 50, and 100%) with HSF reduced blood cholesterol and 

triglyceride levels in poultry by 10.82%. This implies that the effect of HDF on blood lipid profiles is dependent on the HDF 

type and quantity included in the diets. The same authors also revealed that total protein, globulin, albumin, and glucose were 

not significantly affected in broilers by dietary HSF. These results agree with Fafiolu et al. [16], who reported significantly 

reduced plasma triglyceride and cholesterol in chickens fed sorghum sprouts. 

Effect of Dietary HDF on Mortality Rate and Gut Health 

Mortality rate was not significantly affected by dietary HBF supplementation levels (0, 3.5, 7, and 10.5%) in broilers [10], 

which agrees with Alewi et al. [57], who demonstrated that mortality rate was not affected by HDF. The high survivability rate 

among birds fed HDF could be attributed to the ability of HDF to improve WBC in broilers [46]. Similarly, Zohrabi et al. [13] 

observed that birds fed HBF had lower ascites mortality than birds fed the control diet. The authors attributed the lower ascites 

mortality in birds fed HBF to a higher level of blood uric acid (a potent antioxidant), as reduced levels are linked to ascites 

syndrome [66]. Therefore, a higher level of serum uric acid in the germinated barley group could explain the lower rate of 

ascites mortality [46]. In addition, a lower depth of jejunal crypts in the germinated barley group compared to the unprocessed 

barley group could imply reduced turnover of enterocytes, which is associated with decreased oxygen consumption by the 

gut and explains the lower rate of ascites mortality. 

The duodenum, jejunum, and ileum are the primary sites of nutrient absorption in poultry [67]. Villus height (VH), crypt 

depth (CD), and the VH/CD ratio are used as biomarkers to assess intestinal health [7,68]. In broilers, higher VH and lower 

CD indicate improved absorptive surface area for nutrient uptake [7]. Zohrabi et al. [13] found that broilers fed HDF-based 

diets had higher VH and lower CD than those fed diets without HDF, indicating better intestinal absorptive capacity. This 

observation agrees with earlier findings in the jejunum of broilers fed HDF-barley [50], suggesting improved productivity. 
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Similarly, Afsharmanesh et al. [69] reported improved ileal VH and CD in broilers fed sprouted feed grains. Afsharmanesh et 

al. [70] also demonstrated that pearl millet sprouts enhanced intestinal absorptive capacity. Feeding seed sprouts improved 

intestinal microbiota and gut function in broilers [69]. 

In a similar feeding trial, Al-Kanaan [42] evaluated broilers fed varying levels of HBF. Broilers fed 10% HBF had significantly 

reduced total fungal and bacterial counts, including Escherichia coli, and increased proliferation of beneficial bacteria (lactic 

acid bacteria). This suggests that HDF inclusion at 10% can enhance gut microbiota balance in broilers. Although VH/CD 

ratios were similar across groups, broilers receiving 10% HBF showed significantly improved VH and CD. These findings are 

consistent with other reports [13,70] on the beneficial effects of HDF on intestinal morphology. Overall, these results indicate 

that HBF (10%) enhances broiler performance by promoting beneficial gut microbiota and improving intestinal structure. This 

observation is also consistent with Shaheed [71], who reported increased lactic acid bacteria and reduced E. coli counts in 

the jejunum of broilers fed date kernel sprouts. 

 

Fig. 2: Jejunum microbial counts of broilers on dietary HBF. TFC- total fungi count, TBC - total bacterial count; LAB - lactic acid 
bacteria. Group 1 - fed a diet without HBF; Groups 2 and 3 - fed a diet with HBF at 10 and 20%, respectively; Group 4 - fed a diet 
supplemented with fresh chopped HBF twice daily. a,b,cBars with different superscripts differ significantly at P<0.05. Adapted 
from [42] 

Economics of HDF Production in Broiler Production 

Only a few studies have been done on the economics of production of broilers fed HDF-based diets [45,72,42]. The use 

of HDF sorghum in broiler diets at 5 and 10% reduced feed costs but increased costs at 15 and 20% [17]. In addition, the 

supplementation of HMF in broiler diet at 50 g/kg feed reduces the feed cost [45]. In a similar experiment, Baye et al. [10] 

found the highest net return from broilers fed 10.5% HBF, which agrees with the findings of Miah et al. [72], who obtained the 

highest net income in animals other than broilers fed HMF at 7.5%. This concurs with Al-Kanaan [42], who demonstrated that 

addition of up to 15% HBF to the poultry diet reduces feed cost and total production cost in chickens other than broilers. This 

finding also supports the earlier reports of Alinaitwe et al. [40] that 23% is the best inclusion level of HBF that enhanced broiler 

performance, which decreased 63% of the cost of broiler production. Likewise, Atturi et al. [45] observed that inclusion of 25% 

HMF in broiler diet reduced feed costs. 

Conclusion and Future Research Direction 

This review demonstrated that except for DM, HDF is higher in nutrients than the original dry seeds. Barley, wheat, and 

sorghum are the most common HDF used in broiler production. This review suggests that HDF had beneficial effects on 

growth dynamics and carcass characteristics in broilers. It also enhanced meat quality, intestinal microbiota composition, and 

villi parameters of broilers, implying that HDF can be included in broiler diets to improve broiler productivity and reduce feed 

cost. Despite the potential of HDF to improve broiler performance, and reduce feed cost, there is still scanty information on 

mineral, fatty acid, vitamin, and amino acid profiles of HDF used in broiler nutrition as well as the shelf-life of dietary HDF. 

Also, there are limited published studies on hematology and meat quality attributes of broilers fed HDF-based diets as well 

as the inclusion levels of HDF that optimize broiler productivity. Taking these observed research gaps into consideration, it is 
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recommended that further research be directed in these areas. Further experiments should be channeled towards determining 

the economics of using HDP in broiler production compared to the feed grains as to enhance the uptake of these findings in 

the poultry industry. 
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