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Poultry production is a vital aspect of agricultural economy worldwide providing affordable 

and high quality protein source. However, heat stress acts as a significant threat to poultry 

production. Heat stress can be defined as a physiological condition in which an animal is 

unable to adequately dissipate excess body heat due to the combined effect of environmental 

factors such as high ambient temperature, humidity, solar radiation and low air movement 

resulting in impaired welfare, health and productivity. Unlike mammals, birds lack sweat 

glands, so they rely on evaporative cooling through the respiratory system to dissipate excess 

heat. Relative humidity along with ambient temperature plays an important role to assess 

thermal stress. Their combined effect expressed as Temperature- Humidity Index (THI), serve 

as a reliable indicator of thermal load and physiological stress. Thus, heat stress is classified 

based on THI and duration of exposure. Heat stress induces significant behavioural, 

morphological and physiological changes in poultry, leading to substantial economic losses. 

Hence, development and implementation of effective mitigation strategies are important. 

Among various mitigation strategies of heat stress, nutritional management seems to be easy, 

affordable by farmers and most effective. Supplementation of electrolyte helps maintain acid-

base balance and hydration, while vitamins A, C and E improve egg production, hatchability 

and overall health. Probiotics such as Bacillus spp. improve gut health and stress resilience. 

Dietary plant extracts, such as rosemary and boldo leaf, provide antioxidant support. In ovo 

feeding can improve thermo tolerance by promoting optimal embryonic growth before hatch. 

Additional approaches such as controlled feed restriction, wet mash feeding, dietary fat 

supplementation and specific amino acid fortification further help reduce negative impact of 

heat stress. Strengthening nutritional and management strategies is essential to improve 

poultry adoptability and sustain productivity with rising global temperature.
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Introduction

Poultry production is an essential component of global 

agriculture, contributing significantly to food security by providing 

an affordable and dependable source of high quality protein 

worldwide. However, the sustainability of the sector is 

increasingly threatened by heat stress (HS) due to rising global 

temperature in the tropical and subtropical regions of the world 

including India (Wasti et al., 2021). Poultry are very prone to HS 

due to their feather covered bodies, high metabolic heat 

production and the absence of sweat gland which limit their 

ability to dissipate heat efficiently (Akbarian et al., 2016). HS 

occur when bird struggle to maintain a balance between heat 

generation and heat loss and it can impair growth, reproductive 

and immune function of poultry while also raising production and 

management cost (Nawaz et al., 2021). High humidity intensifies 

the effect of heat stress in poultry which further reduces feeding, 

growth, production and quality of eggs (Awad et al., 2019). 

The thermoregulatory capacity of poultry depends on multiple 

factors such as relative humidity, feeding schedule, age, sex, breed 

characteristics, body weight and growth rate (Farag and 

Alagawany, 2018). Generally, the normal body temperature of 

chickens ranges from 41–42°C while their optimal thermo neutral 

zone is 18-21 °C ensuring maximum growth and performance 

(Kumari and Nath, 2018).   Exposure to temperature above this 

range, whether acute or chronic, can disrupt normal physiological 

function reducing gut immune defense and impairing nutrient 

digestion. This can trigger gastro intestinal inflammation negatively 

affecting overall health and increasing mortality risk (Kadykalo et 

al., 2018). Therefore, understanding and mitigating HS is critical for 

maintaining poultry health, welfare and sustainable production 

under changing climatic condition.

Effect of Heat Stress on Growth, Reproduction 
and Immune Status of Chicken

The hypothalamus plays a central role in coordinating energy 

balance through complex neuroendocrine signaling pathways. 

When animals are exposed to HS, the neurogenic system gets 

activated. During the initial phase of HS, the Sympathetic Adrenal 

Medulary Axis (SAM) plays an important role in maintaining 

homeostasis.  In contrast, in case of chronic HS, the Hypothalamo 

Pituitary Adrenal Axis (HPA) becomes activated (Fernandes et al., 

2023). 

The physiological mechanisms and effect of HS in poultry are 

shown in Figure 1.

High environmental temperature disturb normal functioning of the 

hypothalamus which in turn lowers Luteinizing Hormone (LH) levels 

in the blood stream and reflects disruption of the reproductive 

hormonal axis (Kala et al., 2017). Ambient temperature adversely 

influences key reproductive traits in both laying hens and breeder 
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flocks including egg weight, egg output, shell quality, hatchability 

and fertility (Yousaf et al., 2017). Male breeders are generally more 

sensitive to heat induced infertility than females (Bonato et al., 

2014). Exposure to temperature beyond thermo neutral zone, 

triggers excessive generation of reactive oxygen species which 

leads to oxidative stress and lipid peroxidation causing damage to 

testicular tissues. Consequently, semen characteristics decline 

with reduction in semen volume, testicular size, sperm 

concentration, motility and viability along with impaired 

development of spermatogenic cells (Türk et al., 2016). 

Beyond reproductive impairment, HS also compromises immune 

system which is crucial for maintaining poultry bird health and 

productivity. Figure 2 depicts impact of HS on poultry growth and 

productivity. During HS, major lymphoid organs such as spleen, 

thymus and bursa of fabricus shrink in size indicating suppression 

of the immune system in chickens (Awad et al., 2019).

Influence of Heat Stress on Heat Shock Protein

HS affects immune efficiency in poultry by increasing production of 

heat shock proteins (HSPs). HSPs are a group of proteins produced 

by organisms when they are exposed to extreme heat. These 

proteins work as molecular chaperones, helping maintain cellular 

stability by recognizing proteins that have become misfolded or 

damaged and guiding them either towards proper folding or 

degradation (Balakrishnan et al., 2023). Repeated cyclic chronic HS 

generally increases the activity of HSPs and antioxidant enzymes. 

However, acute or continuous long term HS weakens antioxidant 

defense system, lowers mitochondrial function and enzyme 

activity, increases protein breakdown and disrupts normal cellular 

process (Ma et al., 2021; Madkour et al., 2022)

Cytochrome P450 (CYP450), heme oxygenase-1 (HO-1) and 

nuclear factor erythroid 2 related factor (Nrf-2) are key components 

of the cellular defence system that detoxify reactive species and 

mitigate oxidative stress. In HS condition, Nrf-2 activates 

antioxidant pathways and up regulates HO-1, enhancing cellular 

protection (Men et al., 2021; Miao et al., 2020). Acute HS in broilers 

(26, 29, 32 and 35 °C for 6 hours increases hepatic Nrf-2  and HO-1 

expression (Miao et al., 2020), where as constant chronic HS 

suppress their levels (Yilmaz and Gul, 2023a).

CYPP450 enzyme, which function as a heme dependant mono 

oxygenases, also respond variably- generally increasing under 

chronic HS, but decreasing during acute exposure (Li et al., 2023; 

Yilmaz & Gul, 2023b). HS furthers alters poultry behaviour, such as 

increased resting, moving away from other birds in the flock, 

extending and dropping their wings enhance heat dissipation. As 

HS intensifies, birds rely on more pronounced thermoregulatory 

behavior like panting and gular fluttering to dissipate excess heat  

(Li et al., 2015). The primary physiological response to HS is the 

activation of heat shock factors which trigger HSP formation in 

different tissues. These proteins are highly conserved and can also 

be induced by various non thermal conditions such as hormonal 

changes, restricted feed intake, hormonal regulation, tissue growth 

and immunological challenges including bacterial infection, 

inflammation and fever (El-Hack et al., 2018).

Based on molecular weight, HSPs are categorized into HSP 100, 

HSP 90, HSP 70, HSP 60, HSP 40 and small HSPs. Among these, 

HSP70 is widely regarded as a reliable indicator of thermal stress, 

particularly when body temperature exceeds 38.6°C (Berger et al., 

2016).  It enhances cytoprotection, supports proper protein folding 

and contributes significantly to maintaining epithelial integrity by 

strengthening tight junctions and improving gut barrier function 

under high temperature exposure (Chauhan et al., 2014). HSP70 

expression is markedly up regulated across multiple tissues during 

thermal stress in a range of poultry species including quail, turkey 

and chickens (Kennedy et al., 2022).

Nutritional interventions can modulate these stress response as 

evidenced by reduced HSP70 expression in broilers supplemented 

with vitamin E and selenium. The lowest HSP70 expression were 

observed in birds ssupplemented with vitamin E (100 mg/L) 

combined with selenium (0.2 mg/L) and vitamin E (200 mg/L) 

combined with  vitamin C (200 mg/L), suggesting improved cellular 

protection and better thermo tolerance under  HS condition (Singh 

et al., 2023).  The major effect of HS on poultry has been given in 

Table 1.

Figure 1. Physiological responses initiated during the initial phase of HS 

(green section) and prolonged HS (blue section) along with their respective 

consequence in poultry exposed to HS

Figure 2. Impact of HS on poultry growth and productivity
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Nutritional Management to Mitigate Heat 
Stress

Vitamins such as A, B- complex, C, D, are widely used to enhance 

immune function and antioxidant defense in poultry exposed to HS 

(Akinyemi and Adewole, 2021). Evidence suggests that combining 

vitamins is more effective than supplementing them individually in 

mitigating HS. In particular, the synergistic action of viatamin C and 

E improved feed efficiency, growth performance and immune 

response in heat stressed chickens (Attia et al., 2018). Similarly 

dietary inclusion vitamin E with organic selenium in the diet has 

been reported to lower mortality while enhancing growth and 

carcass traits in broilers under HS (Calik et al., 2022). Furthermore, 

dietary supplementation of  vitamin E and selenium significantly 

improved haematological and biochemical parameters, liver 

enzyme activity, serum chloride levels, antioxidant status and heat 

shock protein response in broilers compared to the control group 

(P<0.05) (Singh et al., 2023). In addition, broiler chicken meat can 

be effectively enriched by supplementing the diet with 0.30 mg/kg 

selenium and 200 mg/kg vitamin E without adversely affecting bird 

performance while also, enhancing immune response (Sridhar et 

al., 2022). 

Moreover, zinc, manganese, chromium and selenium, along with 

other trace elements such as calcium, phosphorus, copper, iron, 

sodium, potassium, magnesium and iodine, have been extensively 

studied and shown to play a beneficial role in mitigating the adverse 

effects of HS  in poultry (Mir et al., 2018). 

Plant-based supplements further extend these protective effects. 

For example, dietary rosemary extract may enhance HSP70 and 

CRYAB gene expression, protecting birds before and during heat 

exposure (Tang et al., 2018). Boldo leaf extract improves growth, 

blood health and antioxidant activity under HS (Abo Ghanima et al., 

2019). Other supplements, such as Morinda citrifolia (Noni), also 

offer protective effects (Flees et al., 2017), while resveratrol 

supports intestinal health by strengthening gut morphology, 

increasing goblet cells and regulating tight junction genes (Zhang et 

al., 2017).

Oxidative stress and poor gut health affect broilers critically 

especially under HS in tropical and sub tropical regions (Tripathi et 

al., 2025). Traditionally, antibiotic growth promoters were used to 

manage these issues, but concerns over antibiotic resistance and 

antibiotic free poultry products have driven the shift to 

phytochemicals (Moustafa et al., 2021). Quercetin, a plant derived 

flavonoid has shown strong anti-inflammatory and antioxidant 

properties. It helps in neutralizing free radicals, increase antioxidant 

enzyme and reduces oxidative stress, ultimately supporting better 

growth and overall health in broilers (Tan et al., 2022). A recent 

bibliometric study indicates that compounds such as flavonoids, 

probiotics, curcumin, resveratrol, essential oils and plant extracts 

can alleviate HS in poultry (Uyanga et al., 2023). Bioactive 

compounds such as curcumin, resveratrol, quercetin have been 

reported to stimulate vitagene expression and modulate the 

antioxidant defence system particularly through activation of the 

Nrf2 signaling pathway, thereby reducing oxidative damage 

induced by HS (Madkour et al., 2022). Consistent with these 

findings, dietary supplementation of resveratrol has been shown to 

enhance growth performance, reduce hepatic injury and improve 

antioxidant status by increasing the activities of the enzyme 

Superoxide Dismutase (SOD) and Glutathione Peroxidase (GPx) 

along with regulating the Nrf 2 keap 1 pathway in broiler chickens 

(Ding et al., 2023). Furthermore, polyphenols, possess strong free 

radical scavenging properties, limit lipid peroxidation, regulate 

antioxidant enzyme activity and alleviate oxidative stress making 

them sustainable nutritional approach for managing HS in poultry 

(Mas et al., 2023). 

Probiotics supplementation

It was also observed that, inclusion of probiotic, especially with 

mannan-oligosaccharides and Lactobacillus strains has been 

found to  increase serum tri iodo thyronine (T3) and thyroxine (T4) 

levels in broilers suffered from HS (Sohail et al., 2010). As thyroid 

hormones helps in the synthesis of essential proteins, enzymes and 

hormones, so, an increase in their levels due to probiotic 

supplementation may contribute to better digestion and metabolic 

activity in poultry under HS (Aluwong et al., 2013).  Lowering down 

of corticosterone level may be one primary mechanism behind this 

effect.  Given the sensitivity of probiotics to environmental 

conditions, their inclusion in poultry diet is helpful in ensuring their 

survival and activity within the digestive tract, thereby maximizing 

their positive effects (El-Moneim et al., 2020).

Sahin et al. (2018) observed that, in laying hens, exposure to acute 

stress can significantly affect gut health by altering villus 

morphology and intestinal epithelial integrity. Likewise, HS also 

hamper gut integrity and suppress immune function in broiler birds 

leading to decreased overall performance (Abdelqader et al., 

2020). 

Species Temperature & 
Humidity

Symptoms of heat stress Reference

Broiler (42days age) 34 ℃   Decrease in feed intake (16%) and body weight gain (29 %).  Alaqil et al., 2022

Lay ing  Hen  (32 
weeks Hen)

33 ℃ and RH - 66 % Lower in egg production (11%), Decrease in feed intake (30%).  Kim et al., 2024  

Broiler chicken 30 ℃ Decrease in body weight, reduced insulin-like growth factor 1  
(IGF-1), rise in cholesterol and glucose level, reduced villus surface 
area, height, crypt depth and high FCR.   

Abdelqader et al., 2020 

Jinding  duck 12 hour of HS at 
40℃ 

Prolonged HS caused an initial rise followed by a decline in 
antioxidant activity and HSP expression. After 12 hrs of HS, 
increased gut permeability and compromised barrier integrity were 
shown. Digestive enzyme activity markedly reduced and there was 
significant decline in intestinal immune cell population. 

Liu et al., 2025

Turkey (35 days) 35 ℃ and 75 % RH 
and control group in 
32 ℃ and 60 % RH

No significant change occurred in feed intake and body weight gain 
in HS birds compared to control. But respiratory alkalosis and 
panting observed in HS birds. 

Crespo and Grimes,  
2024
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In poultry production, supplementation of probiotic in broilers 

subjected to chronic HS helped to mitigate the adverse effects of 

oxidative stress, thereby improving semen quality and increasing 

breast meat yield (Cramer et al., 2018). Dietary inclusion of   

Bacillus subtilis in poultry feed; inhibit the growth of pathogenic 

microorganisms, thereby enhancing dietary protein utilization 

making it a valuable probiotic option for enhancing health and 

production capacity of poultry (El-Moneim et al., 2020). 

Furthermore, Bacillus licheniformis, improves gut function by 

enhancing nutrient absorption and promoting the growth of 

beneficial microorganisms such as Aspergilus awamori, 

Lactobacillus and Bifidobacterium making it valuable in poultry diet 

(Abdelqader et al., 2020). Researchers also observed that probiotic 

bacterium supplementation helps sustain goblet cell numbers in the 

ileum and caecum of heat stressed hens (Deng et al., 2012).  This 

contributes to better gut health and overall resilience against 

environmental challenges.

Probiotics improve feed digestibility by breaking down complex 

compounds and  producing enzymes like phytases, lipases, 

amylases and proteases, while also stimulating the bird's own 

enzyme production, which support better nutrient absorption and 

feed utilization (Flint et al., 2012).

Probiotics, beyond enzyme production also support the synthesis 

of antioxidants, vitamins, exopolysaccharides, thereby improving 

the overall nutritional profile of the feed. Cholesterol metabolism is 

also regulated by some probiotic strains contributing towards better 

health outcomes in poultry (Wealleans et al., 2017). Moreover, 

efficient utilization of nutrient is important because the 

accumulation of undigested feed in the gut can disturb microbial 

balance and increase the risk of digestive disorders (LeBlanc et al., 

2017).

In-ovo feeding in poultry (IOF)

Embryonic interventions such as temperature adjustments during 

incubation and in ovo feeding (IOF) have shown promising results in 

developing heat-tolerant birds (Al-Zghoul et al., 2019).  In IOF, 

nutrient and growth promoting substances are administered to the 

poultry embryo highlighting that nutrition before hatching is as 

critical as provided after hatch.  More number of studies is being 

conducted in IOF as; incubation period significantly affects 

embryonic growth, hatchability and performance of chick post 

hatch. Recently in-ovo administration of amino acid has been 

explored to access their impact on HS in chickens. Studies have 

shown that supplementing embryo with L-Leu or methionine can 

enhance the thermo tolerance in chickens by regulating body 

temperature, increasing feed intake, enhancing the expression of 

immunity-related genes and positively influencing antioxidant 

status in chicken (Elnesr et al., 2019).

Zhu et al. (2020) observed that, Vitamin C plays a crucial role in 

enhancing DNA and histone demethylation, thereby influencing 

liver epigenetics by regulating gene expression. The same 

researchers also claimed that in vivo feeding of Vitamin–C at 

embryonic day 11 led to increased expression of genes HSP-60, 

Pyruvate Dehydrogenase Kinase 4 – (PDK-4) and secreted frizzled 

related protein 1 (SFRP-1) which contribute to embryonic protection 

against HS. However, finding from other studies have not 

consistently supported this epigenetic adaptation in response to HS 

during embryonic development (Sgavioli et al, 2019).

Other nutritional management practices 

Feed restriction and feed withdrawal

Withholding feed for at least six hours during HS has been found to 

reduce body temperature, decrease mortality rates and lower the 

heterophil-to-lymphocyte ratio suggesting a mitigation of HS 

effects (Lozano et al., 2006). However, finding regarding growth 

performance of broilers have been inconsistent, with some studies 

reporting improvements (Mohamed et al., 2019) while others 

observed reduction in growth of birds (Lozano et al., 2006), likely 

influenced by timing and severity of feed restriction (Özkan et al., 

2003). Removing feed a few hours before peak heat exposure may 

help prevent increased heat production caused by anticipatory 

feeding behaviour, as seen in birds undergoing intermittent fasting 

(Fondevila et al., 2020).

Wet feeding

In heat-stressed broilers, when feed was mixed with an equal 

amount of water enhanced dry matter intake (DMI), body weight 

gain (BWG), carcass weight and protein deposition. However, this 

approach also led to greater abdominal fat and higher lipid content 

relative to carcass weight, alongside a reduction in dry matter 

conversion efficiency (DM intake/BWG) (Kutlu., 2001). Despite 

some benefits, practical application of wet feeding remains limited, 

primarily due to the heightened risk of fungal contamination and 

mycotoxin exposure, which can negatively impact bird health 

(Wasti et al., 2020).

Form of feed (mash/crumble/pellets) and feed 
particle size  

It has been observed that, under thermo neutral condition, pelleted 

form of feed enhanced body weight gain and feed intake along with 

improving digestibility in chicken (Massuquetto et al., 2019). 

Further, adding pelleted feed to chicken ration led to 8.3% rise in 

BWG, 10% increase in feed intake and improved crude protein (CP) 

digestibility by 2.3 % (Cardoso et al., 2022).    

Feeding broilers, pelleted diets under HS improves intestinal 

morphology, increasing villus length and the villus-to-crypt depth 

ratio in the jejunum (Hosseini and Afshar, 2017b). Pelleted feed also 

lowers breast HSP70 and creatine kinase levels, reduces mRNA 

expression and decreases the heterophil-to-lymphocyte ratio, 

collectively mitigating HS (Hosseini and Afshar, 2017a). 

Additionally, feed particle size affects HS responses: broilers and 

laying hens consuming coarser corn particles show higher panting, 

elevated body temperature and reduced eggshell quality compared 

to finer particles (Santos et al., 2019).

(Figure. 3: The optimal time for in-vivo inoculation varies depending on type 

of bio-active compound being administered. For in ovo stimulation bioactive 

additives such as prebiotics, synbiotics and betaine are generally 

administered around embryonic day 12  (ED-12) whereas, in ovo feeding 

carbohydrates, hormones and similar substances are introduced in ED-14 

and probiotics, vitamins, amino acids are preferably administered on ED-17.5)
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Lipid supplementation through feeding 

In animals, exposed to HS, incorporating fats and oils into diet helps 

improve feed intake, supports better productivity and reduces 

overall heat load (Attia et al., 2021). The type of dietary fat 

significantly affects broiler performance under HS. Broilers fed 

isocaloric diets with coconut oil or beef tallow showed better body 

weight gain (BWG) and feed conversion ratio (FCR) than those 

receiving olive or soybean oil, likely due to their shorter-chain 

saturated fatty acids, which are rapidly absorbed and produce less 

heat during digestion (Seifi et al., 2020). Short and medium chain 

fatty acid (SCFAs and MCFAs) have likewise been reported to aid 

mitochondrial function and support the electron transport chain, 

often impaired under HS (Hecker et al., 2021; Akbarian et al., 2016). 

To compensate for reduced energy intake during HS, higher 

metabolizable energy (ME) diets are commonly used, which can 

improve BWG by up to 17%, FCR by 10% and lower skin and rectal 

temperatures (Attia et al., 2011, 2018; Wasti et al., 2020). 

Supplementation of individual amino acids

Methionine is the primary limiting amino acid (AA) in poultry and 

along with cysteine (Cys), plays a crucial role in meeting the sulphur 

AA requirements of birds. Research indicates that Met 

supplementation can influence inflammation related gene 

expression in the liver of broilers exposed to high temperatures (Liu 

et al., 2019).  

Lysine (Lys) is the second limiting amino acid in corn and soybean 

meal based broiler diets is crucial for muscle protein deposition 

(Ishii et al., 2019). However, studies suggest that providing Lys 

above the requirements for thermo neutral conditions does not 

prevent the growth reduction associated HS. Interestingly, when 

Lys was supplemented alongside Met in a reduced CP diet, broilers 

exhibited growth performance and carcass traits similar to those 

fed higher CP diets in hot climates (Attia et al., 2021).

In laying hens, increasing diatary threonine (Thr) from 0.43% to 

0.66% did not improve performance but resulted in reduced HSP 70 

expression in the ileum (Azzam et al., 2019) and increased 

superoxide dismutase (SOD) levels in serum and liver (Azzam et al., 

2012), indicating potential antioxidant benefits of Thr under HS 

conditions.

Unlike mammals, poultry have limited ability to synthesize arginine 

(Arg) due to reduced activity in the de novo synthesis pathway 

(Castro and Kim, 2020). Increasing dietary Arg has been linked to 

improved growth, reproduction, immunity, antioxidant capacity and 

maternal antibody transmission in quails (Kalvandi et al., 2022). Arg 

also serves as the sole nitrogen donor for nitric oxide production, 

which supports vasodilatation and may aid in thermoregulation 

during HS (Uyanga et al., 2021).

Recently, researchers are more interested in citrulline (Cit), which is 

formed during catabolism of Arg and synthesis of nitric acid. 

Supplementat ion of  Ci t  may be more effect ive than 

supplementation of L-Arg in increasing systemic Arg levels 

(Agarwal et al., 2017). Furthermore, as temperature changes, Cit  

concentration in blood also fluctuates (Chowdhury, 2019), and 

supplementation of this Cit could help to increase the synthesis of 

nitric acid which will provide anti-inflammatory effect and aid in 

regulation of central body temperature (Uyanga et al., 2021, 2022).

When Tryptophan (Trp) was supplemented in high dietary 

concentration in both broiler (Badakhshan et al., 2021) and layer 

(Dong et al., 2012) it did not show any improvement in performance. 

However, Trp supplementation found to decrease rectal 

temperature and alleviate corticosterone response to broilers 

affected in HS (Badakhshan et al., 2021).

Among non-essential AAs, glycine (Gly) has shown promise in 

improving FCR under both normal and HS conditions when 

included in low CP diets (Awad et al., 2018). Emerging research 

indicates that Gly and serine (Ser), often evaluated together as Gly 

equivalents, may be co-limiting or even more limiting than some 

branched-chain AAs (BCAA) in low CP diets under thermo neutral 

conditions (Chrystal et al., 2020). This suggests that Gly 

equivalents could play a critical role in alleviating the negative 

effects of HS-induced reductions in feed intake.

Effect of dietary protein level in diet   

To meet digestible Amino Acid (AA) requirements while minimizing 

heat production from AA oxidation, reduced CP diets are often 

supplemented with feed grade AAs. Unlike intact protein sources, 

feed grade AAs does not require enzymatic digestion, thus 

preventing additional heat production during nutrient metabolism. 

However, the decline in performance seen with reduced crude 

protein diets are consistent with findings that broilers fed a high CP 

diet (220 g/kg) exhibit high heat production compared to those fed 

a low CP diet (160 g/kg)  under cyclic HS condition (Soares et al., 

2020).

Some studies suggest that broilers exposed to HS can achieve 

better performance when fed diets with both high metabolizable 

energy (ME) and CP levels (Attia and Hassan, 2017). However, in an 

experiment where broilers were reared under either thermo neutral 

or cyclic HS conditions from day 19 to 42 and provided with diets 

containing either 3,152 kcal/kg ME with 194.8 g/kg CP or 3,253 

kcal/kg ME with 210.3 g/kg CP, no performance benefits were 

observed with the higher density diet. Furthermore, economic 

evaluations indicated reduced profitability with the increased 

nutrient density (Cardoso et al., 2022).

Conclusion

Birds naturally reduce feed intake to lower heat production, but this 

also limits growth and productivity. Nutrition offers a practical way 

to alleviate these effects. Although some feeding strategies can be 

difficult in intensive systems, targeted dietary adjustments show 

promise. Further research on nutrient partitioning and dietary 

optimization under heat stress is needed to develop cost-effective 

strategies that support performance, health and welfare in hot 

climates.
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Figure-4: Dietary supplementation of feed additives and other feeding 

management practices to reduce heat stress in poultry birds
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Introduction

Since time immemorial, the animal husbandry is one of the major 

activities for human civilization in India, which serves as food for 

human consumption, provides animal energy for different 

agricultural activities and many more. Therefore, attempts are 

always made to increase the livestock production and augment in 

animal health by improving the animal feeding management 

(Naveena and Kiran, 2014). With ever increasing industry standards 

and consumer awareness, the demand for animal origin healthy 

food products keep the researchers on toes to find out novel and 

natural feed additives free from any residual and/or adverse effects. 

According to European Commission (EC) feed additives are 

substances, microorganisms or preparations other than feed 

materials or premixtures which are intentionally added to feed or 

water in particular to fulfil specific functions in animal body. Animals 

with high growth performance need to maintain a high health 

status, which requires the prime use of feed additives. In recent 

years ban on the use of antibiotic growth promoter, high cost of 

conventional feed additives and increased awareness about 

harmful residual effect of non-natural feed additives necessitates 

the emergence and search of natural, non-residual feed additive to 

gain importance in sustainable livestock production (Pandey et al., 

2019). The natural and non-residual alternatives of conventionally 

used feed additives, biochar produced from various agricultural 

biomass has become increasingly popular in past few years. 

Biochar is a carbonaceous material produced by pyrolysis from 

various types of biomass in no oxygen thermal process at 

temperature ranging from 350 to1000C (European Biochar 

Foundation, 2012; International Biochar Initiative, 2015). Globally, 

wide range of biomass sources like animal manure, crop residues, 

agro-industrial byproducts and forestry waste are used (Weber and 

Quicker, 2018). All the biomass sources have the common 

characteristics like cost effectiveness, environment friendly and 

also its ability to enhance the recycling of organic wastes generated 

from agricultural, forestry and processing industries (Tang et al., 

2013). In recent times, use of biochar as a regular feed supplement 

by livestock farmers is gaining attention thanks to its beneficial 

attributes towards animal health, nutrient intake efficiency resulting 

in enhanced productivity in livestock and poultry. Though in early 

days, biochar addition in livestock ration showcased its beneficial 

effects in terms animal health and production. In this section we will 

discuss regarding beneficial effects documented so far in different 

animal models, their probable mode of action, and way forward.

Production and Characterization of Biochar

Biomass is converted into biochar by the thermochemical 

conversion technique using heat and chemical catalyst, where 

pyrolysis is one of the most promising thermochemical conversion 

technique used to produce the biochar (Tripathi et al., 2016).There 

are six major types of pyrolysis technologies – fast pyrolysis, flash 

pyrolysis, slow pyrolysis, hydro pyrolysis, vacuum pyrolysis and 

microwave pyrolysis for the production of biochar (Sohi et al., 2009; 

Ippolito et al., 2020; Liu et al., 2021), bio-oil and gases which are the 

end products of thermochemical conversion technique but out of it, 

slow pyrolysis and microwave pyrolysis are the promising 

Biochar, a carbonaceous material produced by pyrolysis from various types of biomass in 

low-to-no oxygen thermal process at temperature ranging from 350 to 1000 ºC, 

predominantly used as toxin binder due to its high adsorption capacity. Studies conducted so 

far involving different Biochar have shown significant desirable biological responses in 

different animal models i.e. growth promotion, improved immunity, reduction in harmful 

microbiota in faecal matter and litter, meat quality attributes in poultry etc. Similarly, Biochar 

has modulated the rumen microbial population more towards desirable ecosystem thus 

benefiting the livestock productivity. Biochar can adsorbs a range of toxic compounds, 

including plant and animal-derived toxins, endogenous toxins, and gases such as methane 

and thus, use of biochar in aflatoxin contaminated feed stuffs can be a measure to lessen the 

feed wastage. Furthermore, addition of biochar increased nutrient digestibility, nitrogen 

retention and also resulted in increased fat and protein content of the milk. Likewise, biochar 

addition also resulted in decreased oxidative stress, improved blood biochemical indices and 

inflammation following immunization, which is an indicative of improvement in animal health. 

Addition of Biochar also tend to augment the intestinal histo-architecture in animals. However, 

though the studies done so far on Biochar have shown a lot of promise as feed additive for 

livestock and poultry, further in-depth research is essential to validate its efficacy and safety 

across livestock and poultry production systems in short time and long term addition in the 

ration. 
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technologies for production of biochar (Ippolito et al., 2020; Liu et 

al., 2021). Slow pyrolysis is thermal decomposition of biomass in 

the absence or partial absence of oxygen at moderate temperature 

ranges from 400-800 °C (Tripathi et al., 2016). In case of biochar, 

the physicochemical properties are governed by many factors such 

as composition of feedstock temperature of pyrolysis, duration of 

pyrolytic reaction, rate of heating, particle size of biomass etc. 

(Akhtar and Amin, 2012). With the increasing pyrolysis temperature, 

yield of biochar decreases due to the higher volatilization of the 

biomass which leads to decrease in moisture content, ash and fixed 

carbon (Gai et al., 2014). Shorter the residence time, higher the yield 

of biochar (Pecha and Garcia-Perez, 2020). Biochar can be 

produced from any biomass which is mostly considered as waste 

starting from, wood, leaves, straw, maize cob, etc. Report suggests 

that, the raw materials have  a profound influence on biochar 

properties (Ippolito et al., 2020). For instance, in case of bood 

based biochar, the specific surface area is the greatest, which in 

combination with pyrolysis temperature could likely promote 

greater changes in soil physical characteristics than biochar 

produced from other biomass. Similarly, biochar produced from 

crops and grass have higher cation exchange capacities than other 

biochars, which in combination with pyrolysis temperature could 

potentially lead to longer-term changes in soil dynamics (Ippolito et 

al., 2020). However, the use of agricultural wastes for biochar 

making is well practised for soil fortification and soil nutrient 

management, and use as a potential feed additive may open up new 

possibilities and opportunities in the field of animal nutrition.

The systematic characterization of biochar includes chemical (pH, 

elemental composition), physical (surface area, pore structure) and 

structural (functional groups) properties, which is found important 

to understand the various functions of biochar including its use as a 

novel feed additive in livestock feeding (Table.1). Presence of 

functional groups like carboxylic, hydroxyl, amide, amine and 

lactonic groups at the surface of biochar increase its adsorption 

capacity, which depends on the biomass used for biochar 

production and temperature (Li et al., 2017). Determination of 

surface characteristics of biochar can be done by Fourier 

Transform Infrared (FTIR) and Raman spectroscopies, Scanning 

Electron Microscopy (SEM) with energy-dispersive X-ray 

spectroscopy (EDX) and X-ray photoelectron spectroscopy images 

(Chia et al., 2012). According to the international union of pure and 

applied chemistry the pores present in biochar may be micro 

(<2nm), meso (2-50nm) and micro (>50nm) which are described in 

detail by SEM. SEM and EDX are utilized for the examination of 

elemental composition on surface of biochar but it is not suitable for 

the organic contaminants (Yaashikaa et al., 2020). Brunauer-

Emmett-Teller Analysis (BET) can be used to examine the surface 

area of biochar, which is an important property of biochar mainly 

responsible for its adsorption capacity (Yaashikaa et al., 2020).
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Table.1. Comparison of composition of Biochar produced from various crop straws (Sun et al., 2014)

Sample Carbon Oxygen Nitrogen Silica Potassium Calcium

Rice straw biochar 78.5% 13.39% 0.70% 3.92% 1.56% 0.49%

Cotton straw biochar 74.8% 17.64% 0.69% - 4.08% 1.17%

Wheat straw biochar 72.9% 17.2% 0.81% 3.44% 1.82% 2.08%

Corn straw biochar 72% 18.3% 1.09% 1.13% 4.57% 0.52%

antibiotic growth promotors (Prasai et al., 2016; Willson et al., 2019), 

toxin binders (Gerlach and Schmidt, 2012) and improve growth 

performance (Kalus et al., 2019; Ruttanavut et al., 2009). Different 

studies have indicated multifarious beneficial effects of addition of 

biochar in the animal and poultry ration (Table. 2) such as promotes 

bone mineralization (Evans et al., 2017), enhancement in growth 

performance (El-kelawy et al., 2024) and litter quality (Kalus et al., 

2020a) without harming broiler performance (Linhoss et al., 2019) 

alteration in rumen fermentation (Rajpoot et al. 2024). The detailed 

biological responses are discussed in hereafter. However, the 

studies conducted so far are highly diverse and difficult to draw any 

conclusions. Consequently, further in-depth research is essential 

to validate its efficacy and safety across poultry production 

systems in short time and long term addition in the ration.

Fig.1 An overview of the different biological responses of biochar used 

as feed additive in the ration of livestock and poultry

Among the different biomass used for biochar production few 

commonly used sources are rice husks (Leng et al. 2012a, b; 

Phongpanith et al. 2013), pinewood chips (Saleem et al. 2018), 

jarrah wood (Joseph et al. 2015), bamboo, coconut, etc. (Rajpoot et 

al. 2024). However, for animal feeding purposes, there is a need to 

study and standardize the different variables affecting the 

production and nature of Biochar. However, still the science of 

Biochar as a feed additive in livestock and poultry feeding is at its 

infancy, but early studies have shown glimpses of an illustrious 

future. 

Use of biochar as a feed additive in farm 
animals

Biochar, a carbon-rich product obtained through the pyrolysis 

process (Willson et al., 2019), has been associated with neutralizing 

the Gastro Intestinal Tract (GIT) toxins (Prasai et al., 2016), 

improving feed efficiency and overall bird (Gerlach and Schmidt, 

2012; Kumar, 2025) and other livestock (Rajpoot et al. 2024) 

performances by acting as a good source of mineral and as an 

alternative to the antibiotic growth promotors as well. The 

adsorption capacity and mineral nutrient content make the use of 

biochar a versatile and multifunctional material for livestock and 

poultry production. Activated biochar has gained popularity as a 

universal adsorbent material with the capacity to selectively adsorb 

and neutralize ingested toxins and other contaminants in feed while 

supplying some essential minerals to animals (Schmidt et al., 2019). 

Early reports on biochar as a non-nutritional feed additive in poultry 

feed have shown promising effects (Fig.1), and can replace 



whereas average daily feed intake was higher in birds fed with 

1.00% activated charcoal.  Prasai et al. (2018) taken layer pullet of 

age 18 weeks and supplemented their feed with mixture of biochar, 

zeolite and bentonite at the rate of 0, 1.0%, 2.0% and 5.0% for 25 

weeks and reported the best improved production performance 

traits of egg yield and FCR at 2.0% supplementation. Ohanaka et al. 

(2025) also reported significantly better FCR in the birds fed with 

1.00% activated charcoal signifying that biochar and charcoal can 

influence the growth, feed intake in poultry birds. Similarly, El-

kelawy et al. (2024) reported that Supplementation of 2% biochar in 

broiler diets improved body weight, weight gain, FCR, and 

production index along with improved CP and EE digestibility, 

augmented dressing percentage. This indicates the holistic welfare 

of the poultry birds by supplementation of biochar in their ration.  

Raz et al. (2025) reported that Prosopis farcta biochar 

supplementation significantly improved growth performance, 

immune function, liver health, and serum lipid profile in quails 

exposed to AFB1 (P < 0.05). 

Biochar has the ability to modulate the pH levels in the digestive 

tract and maintain the stable pH which is very important for 

optimum enzyme activity and nutrient absorption by adsorbing 

excess acids or bases. This stable pH also less efficient for the 

growth of pathogenic microorganisms which further support the 

gut health (Wang et al., 2017; Viaene et al., 2024). Ruttanavut et al. 

(2009) demonstrated that supplementing Aigamos duck feed with a 

bamboo charcoal powder and bamboo vinegar solution resulted in 

increased body weight, attributed to enhanced nutrient absorption 

via elongated intestinal villi. Feeding of 0.3% and 0.6% bamboo 

biochar improved the quality of marketable meat and composition 

of pig fat with increase in unsaturated fat and decrease in saturated 

fat (Chu et al., 2013a). Likewise, Kumar (2025) also reported non-

significant change in growth, feed intake and FCR in broiler chicken 

by adding either corn cob waste biochar or paddy straw biochar (at 

1% and 2 % levels). However, still a lot to be explored as far as the 

biological responses of addition of different biochar in livestock and 

poultry ration is concerned.

Effect of biochar feeding on growth and 
performance of animal

Inclusion of various types of biochar in feeding ration at 1-3% have 

been studied to improve health conditions and performances of 

farm animals such as weight gain, immunity response, feed intake, 

feed conversion rates, carcass characteristics (Table 2) and overall 

quality of animal products (Lao and Mbega, 2020). Rajpoot et al 

(2024) reviewed the biological responses of different biochars 

used as feed additive in ruminants and reported that biochar at 

0.5–3% inclusion level in ruminant ration have resulted in superior 

feed intake, body weight gain, feed conversion ratio, immune 

response, carcass characteristics . Similarly, cattle supplemented 

with 1% biochar made from cassava foliage, cassava roots in the 

diet resulted in growth increment by 20% (Leng et al., 2012c). 

Likewise, addition of bamboo biochar at 1.0% of feed DM in goat 

resulted in significant increase of DM and CP digestibility and also 

the nitrogen retention (Silivong and Preston, 2016). Biochar can 

adsorb organic  molecules like amino acids, fatty acids, proteins 

and urea as well as mineral compounds such as ammonium, 

ammonia and nitrate very efficiently (Schmidt et al., 2019),  which 

may lead to  increased fat and protein content of the milk . Van et al 

(2006) studied the 0.6% biochar supplementation in feed resulted 

in growth enhancement in young goats by 17%. Similar growth 

promotion effect of biochar was also reported by Kana et al. (2010) 

in ducks and Ruttanvat et al. (2009) in broilers. Choi et al. (2012) 

conducted the study of supplementation of biochar in finishing pig 

feeding at the rate of 0, 0.3% and 0.6% of the DM of the feed and 

observed a significant increase in feed conversion rate, the carcass 

characteristics, live weight gain and immune response at 0.3% 

supplementation compared to the other treatments. Likewise, Lee 

et al. (2011) observed significant enhancement in meat marbling, 

meat colour traits as well as the tenderness of the meat when 

cooked due to use of biochar in their ration. Ohanaka et al. (2025) 

reported an improved (P<0.05) live body weight and body weight 

gain during 0-42 days with supplementation of activated charcoal 

at 0.05% level in the diet of male Arbor Acres broiler chicks, 

Swain et al

Table 2. Biological responses of addition of different biochar to the poultry ration

Scientific 
Name

Species of 
Bird

Quails Usman et al. 
(2025)

Broiler 
Chicken

El-Kelawy et al. 
(2024)

Non-Specific 
Biochar

NA Supplementation of 2% biochar in broiler diets 
· Improved body weight, weight gain, FCR, and production index
· Improved CP and EE digestibility, dressing percentage, and 

immune parameters (IgA, IgM, IgG, LTT, phagocytic activity)
· Increased RBCs, Hb, PCV, WBCs, lymphocytes, total protein, 

globulins, and thyroid hormones; reduced abdominal fat, serum 
lipids, oxidative stress markers

· Decreased harmful gut bacteria and increasing beneficial 
microbes.

Broiler 
Chicken

Mohammadi-
Aragh et al. 
(2025)

Pine Biochar Pinus spp. · Biochar-amended litter (30 % vol/vol surface applied) did not 
reduce NH₃ levels or affect bird performance.

· Significantly lowered litter moisture, making it beneficial for 
moisture control in commercial broiler houses.

Broiler 
Chicken

Hasanvand et al. 
(2023)

Inclusion of 0.5% and 1% WLB in broiler diets under cold stress 
· Improved body weight gain, ileal and jejunal villous length and 

surface area
· Reduced FCR 

Wet litter biochar 
(WLB)

NA

biochar 
preparation / Type 
of biochar used

Corn Cob Biochar Zea mays

Salient Findings

Corn cob biochar, at 2% level 
· Improved FCR, body weight gain 
· Supported intestinal integrity, immune function

Reference
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decrease in serum AST, uric acid, creatinine values and blood 

ammonia content in biochar group chicken than that of control 

group. Emam et al. (2026) also observed higher total protein and 

albumin level in chicks supplemented with 1.5% biochar as 

compared to the 3.0% biochar supplementation. Likewise, 

Ohanaka et al. (2025) reported improved (P<0.05) important 

haematology and blood biochemical indices namely, Packed cell 

volume, Red blood cell count, Mean cell volume, Mean cell 

haemoglobin, Mean cell haemoglobin concentration, Blood clotting 

time, White blood cell count in male Arbor Acres broiler chicks by 

supplementing biochar at 0.5 and 1 % dose for 42 days, indicating 

the impact of biochar addition in broiler ration may aid in better 

health in poultry birds. Similarly, El-kelawy et al. (2024) observed 

improvement in the haematology in terms of increased RBCs, Hb, 

PCV, WBCs, lymphocytes, total protein, globulins, thyroid 

hormones profile in broiler chicken by supplementation of biochar 

at 2% level. Nevertheless, Emam et al. (2026) observed a 

significant increase in the blood calcium and phosphorus level in 

biochar supplemented chicks compared to the control, which might 

be due the presence of calcium and phosphorus from biochar. This 

indicates that, while including biochar as a feed additive, the 

mineral content of the total ration needs to be revisited to ensure the 

mineral balance of the ration. Similarly, Ohanaka et al. (2025) also 

found that, addition of 1% biochar in chicken feed significantly 

improved the total serum protein, albumin/globulin ratio, Alanine 

amino transferase, Aspartate amino transferase as compared to the 

birds fed diet devoid of biochar. Chu et al. (2013b) reported that in 

pigs, supplementation of bamboo biochar  resulted in superior total 

protein, albumin, cholesterol, HDL-CH and LDL cholesterol level in 

blood plasma.  

Effect of biochar feeding as a toxin adsorbent

Biochar is one of the low cost adsorbent which is highly effective for 

removing the various kinds of toxins like heavy metals and organic 

E ff e c t  o f  b i o c h a r  f e e d i n g  o n  B l o o d 
biochemistry, oxidative stress and immunity 
in farm animals

Though in early days, addition of agricultural waste biochar have 

indicated better responses in livestock and poultry when included 

in the ration. The better biological responses may be attributed to 

their better health condition. Mohsen et al. (2025) in Sprague 

Dowley rats observed that rats supplemented with 5.0% and 7.5% 

rice straw biochar resulted in decreased oxidative stress and 

inflammation following immunization, which is an indicative of 

improved  an t iox idan t  enzyme ac t iv i t y  and  reduced 

proinflammatory cytokines level. Similarly, superior (P<0.05) total 

antioxidant capacity, glutathione peroxidase and superoxide 

dismutase levels were observed in 1.0% Pistachios by-product 

Biochar added in the ration of Japanese quail (Zahed et al. 2025). 

Furthermore, Zahed et al. (2025) also reported highest lymphocyte 

percentage and lowest heterophil to lymphocyte ratio in Japanese 

quails fed with 1.0% Pistachios by-product Biochar indicating the 

impact of biochar on the health and wellbeing in Japanese quails. 

El-kelawy et al. (2024) reported superior immunity in terms of 

superior IgA, IgM, IgG, LTT, phagocytic activity and reduced serum 

lipids and oxidative stress marker by supplementation of 

commercial biochar at 2% level in broiler chicken. Zahed et al. 

(2025) fed Pistachios by-product biochar to Japanese quail at the 

rate of 0.35%, 0.65% and 1.0% but failed to observe any impact on 

humoral immunity due to addition of biochar in Japanese quail 

ration.

The blood biochemical indices of an animal are a true 

representative of the animal health status and thus during animal 

experimentations, keen attention is given towards the blood 

biochemistry. Emam et al. (2026) supplemented 1.5% and 3.0% 

biochar prepared from mango tree branches and wood as a feed 

additive to broiler chicks (Arbor acres), and reported significant 

Swain et al

https://epubs.icar.org.in/index.php/IJAN/indexIndian Journal of Animal Nutrition (IJAN) - Open Access 

Rice husk biochar Local 
chicken

Hien et al. 
(2018)

Oryza 
sativa

Inclusion of 1% biochar in poultry feed or litter
· No effect on feed intake, weight gain, or FCR
· Did not alter RBC, WBC count, or Hb levels
· Reduced plasma triglycerides, total coliform in litter and E. coli 

in faces.

Bamboo Charcoal Broiler 
chicken 

Kim et al. (2011)NA Dietary supplementation with 0.5% Bamboo Charcoal vs 0% charcoal
· Higher final body weight, greater weight gain, and improved feed 

conversion efficiency
· Slightly lower mortality rate and better meat quality, with reduced 

shear force, lower fat content, and a tendency for a higher 
unsaturated fatty acid ratio

· Sensory evaluation indicated slightly higher overall acceptability 
in chickens fed with 0.5% Bamboo Charcoal.

· No changes in haematological and serum biochemical 
parameters between the Charcoal and control groups.

Poultry Litter 
Biochar (PLB)

Broiler 
Chicken

Rashidi et al. 
(2020)

· 5 g/kg feed PLB effectively mitigated the harmful effects of AFB1 
(0.5 mg/kg feed) on broiler performance, biochemical indices 
and immunity.

NA

Charcoal Broiler 
Chicken 

Majewska et al. 
(2011)

NA 0.3% Charcoal was added to diets at the feed mill vs 0% charcoal 
group (control)

· Increased final body weight by 3.5% 
· Improved FCR by 2.0% compared to control
· No significant effects on carcass dressing percentage or muscle 

proportion

Charcoal Turkey Majewska et al. 
(2009)

NA Diet supplemented with 0.3% charcoal vs 0% Charcoal (control)
· Lowest mortality rate at 4.4%, which is half of that observed in 

the 0% charcoal diet.
· Body weight increased by 3.9%, and the rearing efficiency index 

improved by 9.7%. 
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relative abundance (P<0.05) in biochar fed rats. In quails, Raz et al. 

(2025) found that oral addition of Prosopis farcta biochar increased 

the prevalence of useful gut microbiota, simultaneously reducing 

detrimental bacteria population. Addition of 2.0% biochar in layer 

diet significantly reduce the pathogenic bacteria and alter the 

intestinal microbiota positively and this effect demonstrate its 

potential as alternative to antibiotic in poultry industry (Willson et al., 

2019). Feeding chestnut biochar at low concentration exhibit 

prebiotic effect by stimulating growth of Lactiplantibacillus 

plantarum and inhibiting the growth of pathogenic E. coli strains 

(Reggi et al., 2025). Furthermore, when biochar is combined with 

sea tangle (Laminaria japonica; Islam et al., 2014) or aged palm sap 

(Ohanaka et al., 2025) offers a viable antibiotic growth promoter 

alternative in poultry feed. Biochar prepared from Prosopis farcta 

can be fed to the poultry birds which is reported to be an eco-

friendly, cost-effective, and promising strategy for mitigating 

aflatoxicosis in poultry production (Raz et al., 2025). The 

mechanisms of actions of superior biological activities of biochar 

addition in livestock and poultry ration may be corroborated with 

the enhanced adsorption abilities in detoxifying mycotoxins in feed 

raw mater ials,  plant-produced toxins, pol lutants,  and 

simultaneously improving the populations of beneficial gut 

microorganisms (Rajpoot et al., 2024).

Reports indicated that biochar may reduce the production of 

ruminal CH4 emissions both in vitro (Hansen et al., 2012; Leng et al., 

2012a,b) and in vivo (Leng et al., 2012c) conditions. Saleem et al. 

(2018) found that pine-based biochar could improve in vitro ruminal 

fermentation, nutrient disappearance, and microbial protein 

synthesis and reduce enteric methane (CH ) production. In another 4

study, inclusion of plant-based biochar at 81 g/kg DM reduced the 

digestibility of forage, however, encouraged volatile fatty acid 

production (McFarlane et al. 2017). Saleem et al. (2018) studied the 

effect of pine biochar supplementation in graded doses (0, 0.5, 1, 

and 2% ) on rumen fermentation and digestibility of nutrients by 

Rumen simulation technique and found that disappearance of Dry 

Matter (DM), Organic Matter (OM), Crude Protein (CP), Acid 

Detergent Fiber (ADF) and Neutral Detergent Fiber (NDF) is 

proportional to the dose of biochar supplementation and enhanced 

(P < 0.01) production of total Volatile Fatty Acid (VFA), acetate, 

propionate, branch-chained VFAs, increase NH3- N, increase in 

Microbial protein synthesis and reducing the overall CH  production 4

as compared with the control. However, long term supplementation 

and in vivo studies are essential before concluding and establishing 

the use of biochars in ruminant rations on regular basis.

Effect on Organ architecture, Carcass 
Characteristics and egg production

Biochar addition in the ration of poultry birds consistently indicated 

improvement in the meat quality in broiler birds. For instance, El-

kelawy et al. (2024) observed an improvement in dressing 

percentage, reduction in abdominal fat, serum lipids, and oxidative 

stress markers in broiler chicken by supplementation of biochar at 

2% level by feeding them biochar for 35 days.  Kutlu et al. (2001) 

observed a decrease in the cracked egg production by 

supplementation of wood charcoal in hen's diet and he postulated 

that the decrease in the cracked egg production might be due to 

improved mineral intake from biochar, which contained high levels 

of ash, calcium, potassium and magnesium. Likewise, Kumar 

(2025) observed significant reduction (P<0.05) in giblet, liver, and 

heart weights in corn cob and paddy straw biochar-fed groups. 

Paddy straw and corncob waste biochar increased meat lightness 

in 2% paddy straw biochar and 2% corncob biochar fed broiler 

birds whereas, higher redness of meat was observed in 1% paddy 

straw biochar groups. Kumar (2025) also reported significantly 

compounds due to its unique physicochemical properties 

developed during the pyrolysis process, viz high specific surface 

area, porous structure, surface functional groups, cation exchange 

capacity, surface charge, hydrophobicity etc. Biochar also helps to 

suppress diseases because it can adsorb toxins such as 

mycotoxins (Gerlach and Schmidt, 2012) and other pathogen and 

their toxins (Kalus et al., 2019). Its porous structure provides a high 

surface area, crucial for pathogen binding. Furthermore, it adsorbs 

a range of toxic compounds, including plant and animal-derived 

toxins, endogenous toxins, and gases such as methane (Man et al., 

2021). The adsorbent nature of the biochar has been studied using 

one of the most common mycotoxin that is aflatoxin as a model drug 

(Galvano et al., 1996), where addition of activated biochar at 2.0% 

level to animal feed lowered the concentration of extractable 

aflatoxins by 74% and at the same time, decreased aflatoxin 

concentration in milk by up to 45% (Galvano et al., 1996).  Similarly, 

Prosopis farcta biochar demonstrates the highest efficiency in 

aflatoxin removal, reducing aflatoxin levels by 95.88% after 6 h of 

incubation (Raz et al., 2025). the preservation of microbial 

complexity may be attributed to the preferential adsorption of 

pathogens over native intestinal microflora (Watarai and Tana, 

2005). Prosopis farcta biochar are containing higher surface area 

and porosity, which attributes towards its efficient adsorbent 

capability for various pollutants, including heavy metals and 

organic compounds (Raz et al., 2025; Khan et al., 2023; 

Reyhanitabar et al., 2020). This effect contributes to diminishing 

antibiotic dependence in chickens (Prasai et al., 2016; Willson et al., 

2019). When biochar given with the silage as a feed additive, it can 

bind with the pesticides, reduce the formation of mycotoxins and 

also it has ability to enhance the  lactic acid bacteria population 

(Calvelo Pereira et al., 2014). Chicken suffering from the 

aflatoxicosis when fed with the biochar made from the poultry litter 

at the rate of 5gm/kg, body weight of bird is maintained and the 

performance of the birds found to increase (Rashidi et al., 2020), 

which is an indicative of the effectiveness of the biochar in nullifying 

the adverse effect of mycotoxins in animal feeds. Nair et al. (2023) 

also documented that supplementation of biochar can adsorb 

harmful substances like mycotoxins, ammonia and heavy metals in 

the digestive tract and diminish their harmful effects on animal 

health.

E f f e c t  o f  b i o c h a r  f e e d i n g  o n  g u t 
microorganisms

Gut health of livestock and poultry is an indicative of their overall 

well-being, which influences their nutrient utilization, growth rate, 

and disease resistance (Naeem and Bourassa, 2025). Biochar can 

be a potent anti-pathogenic feed additive; which has been found 

effective to reduce populations of Clostridium aldenense, 

Gallibacterium anatis, Helicobacter pullorum, Campylobacter 

hepaticus, Bacteroides dorei, and Campylobacter jejuni within the 

avian gut while maintaining overall gut microbiota complexity and 

diversity (Prasai et al., 2016; Willson et al., 2019). Leng et al. (2013) 

reported in cattle that, addition of rice hull biochar at 0.6% of feed 

dry matter reduced the enteric methane emission, which is an 

indicative of the alteration of rumen fermentation in ruminants by 

addition of biochar in their ration.  Methane is produced by the 

methanogenic bacteria and consumed by the methanotrophic 

bacteria so, biochar containing soil amendments encourage the 

growth of the methanotrophs which reduce the emission of the 

intestinal methane by providing the habitat for the oxidation of the 

methane in the stomach (Leng et al., 2012a).  Han et al. (2018) 

conducted experiment of feeding oral Rice Straw Biochar at the rate 

of 1120 mg/kg of body weight to rats for 5 weeks to evaluate the 

effect on caecal microbial community, where Firmicutes and 

Bacteroidetes were found to be prevalent and increased ratio of 
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the long term effects and disadvantages (if any) of biochar as a feed 

additive in animal feeding. Even, Biochar addition can be an 

effective measure to use the mycotoxin contaminated feeds for 

animal feeding. However, the level of inclusion of biochar in animal 

ration need to study further to establish its effectiveness before 

routine use in animal husbandry practices. The results obtained so 

far has open an window to try and test different biochars produced 

from different biomasses, their inclusion level in different animal 

models and molecular level effects for better understanding of its 

mechanism of action.  
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Introduction

Poultry production, especially the commercial broiler systems, is 

the central, growing component of global food security. The world 

population is expected to reach 9.7 billion by 2050 (United Nations, 

2022), which will increase the demand for affordable and high-

quality animal protein. Broiler meat is now the meat of choice with 

global output increasing from about 70 million tonnes in 2000 to an 

estimated 103.5 million tonnes in 2023 (USDA, 2023). Projections 

suggest continued growth to about 145 million tonnes by 2030, with 

the fastest growth expected in South and Southeast Asia, sub-

Saharan Africa and Latin America (OECD FAO, 2024). India is 

projected to lead the growth with a compound annual growth rate 

(CAGR) of around 5.5% due to rising incomes, urbanisation and the 

shift to poultry as the main protein in the diet.

Even with the size and sophistication of the sector, production 

efficiency is still subjected to seemingly routine factors. Of these, 

water quality is arguably the most consequential and least carefully 

managed variable in commercial broiler operations. Water 

constitutes about 65-70% of the body weight of a broiler (Leeson 

and Summers, 2009) and is involved in almost all physiological 

processes such as thermoregulation, nutrient absorption and 

transport, metabolic reactions, waste excretion and immune 

function. Broilers drink water at a rate of approximately twice the 

amount of feed consumed (water-to-feed ratio ≈1.6-2.0:1 under 

thermoneutral conditions) and therefore the quality of drinking 

water has a direct and continuous effect on bird physiology from 

day zero to market age.

However, historically water has been regarded as a passive 

medium rather than an active nutrient with specified quality 

requirements. The consequences are profound and so significantly 

affect the farm economics and production. Poor water quality has 

been linked to reduced average daily gain (ADG), worsened Feed 

Conversion Ratio (FCR), increased mortality, compromised 

immune organ development, higher susceptibility to enteric 

pathogens, and poor carcass quality, leading to measurable 

economic losses (Augusto et al., 2022; Biswas et al., 2024).

This review addresses a structured, scientifically supported, 

comprehensive coverage of importance of water quality as a whole 

and its impacts on broiler production outcomes. The specific 

objectives are to: (i) describe the major physicochemical and 

microbiological water quality parameters relevant in broiler 

production; (ii) review the mechanistic and empirical evidence 

linking each parameter to growth performance, gut health, immune 

function, and carcass characteristics; (iii) examine the influence of 

water source on quality variability; and (iv) outline evidence-based 

water quality management and treatment strategies.

Water: The Quintessential but Overlooked 
Nutrient

Precision nutrition in commercial broiler production has evolved 

into complex scientific research that demands a careful and 

balanced formulation of macronutrients and micronutrients. Water, 

on the other hand, is the fundamental and systematically neglected 

nutrient. Water is much more than a simple solvent, it plays a role in 

physiological homeostasis in thermoregulation, in the absorption 

and transport of nutrients, and in the many metabolic reactions that 

are essential for cellular function (Leeson and Summers, 2009).

Water is one of the most important nutrients for physiological functions but is frequently 

undervalued in commercial broiler production and influences digestion, metabolism, 

immunity and performance. This review compiles evidence on the effect of critical water 

quality parameters such as pH, alkalinity, salinity, total dissolved solids (TDS), hardness, 

mineral composition, and microbiological contamination on the broiler growth, feed 

efficiency, gut health, immune status, carcass traits, and mortality. Elevated alkalinity, 

primarily due to bicarbonate, carbonate, and hydroxide ions, disrupts gastric acidification, 

reducing pepsin activity and impairing protein digestion while promoting pathogenic 

microbial proliferation. Similarly, high TDS (>3,000 mg/L) and salinity are associated with 

reduced body weight gain, poor feed conversion ratio, osmotic diarrhoea and increased 

mortality. Alternatively, mild acidification of water (pH 5.5-6.5) increases the enzymatic 

efficiency, calcium and phosphorus utilization and promotes a favourable gut microbiota by 

encouraging beneficial microorganisms such as Bacillota and Bacteroidetes and suppressing 

pathogens such as Salmonella and Escherichia coli, thus improving immune responses. Poor 

water quality also negatively impacts carcass yield, dressing percentage and breast muscle 

development due to osmotic stress, inefficient nutrient utilization and increased protein 

catabolism. Overall, the findings highlight that systematic, source-specific water quality 

monitoring and evidence-based interventions including acidification, mineral management 

and microbiological treatment are key elements of precision poultry nutrition to optimize gut 

health, disease resistance, carcass quality and economic sustainability.

Keywords: Alkalinity, Broiler chickens, feed conversion ratio, gut health, immune function.
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Broilers are especially susceptible to heat stress because they lack 

sweat glands and depend on evaporative cooling by panting to 

regulate their body temperature, which can lead to them consuming 

4–8 fold more water than they usually do (Borges et al., 2003). 

Water is the solvent for enzymatic catalysis at the cellular level and 

even mild dehydration (1–2% of body weight) obviously reduces 

metabolic efficiency and feed intake. Modern poultry farming now 

treats water as a main nutrient with strict quality standards, rather 

than just an extra resource. If water quality is poor, bird body weight 

gain can drop by 5% to 20%, and FCR can worsen by 0.1 to 0.3 

points (Augusto et al., 2022)

Water Intake Patterns and Feed-to-Water 
Ratio

Water intake (WI) patterns of broiler chicken depend on age-related 

patterns, environmental effects, dietary effects, and genetic and 

strain effects. Age related: Broiler WI increases linearly with age, a 

long-established trend confirmed in recent measurements; the 

average bird consumes ~7.8 L between 14-42 d with substantial 

individual variation (Aggrey et al., 2023), and earlier commercial 

data also show WI is a strong linear function of age (Pesti et al., 

1985). 

The water to feed intake ratio of broiler chickens is a dynamic and 

diagnostically significant indicator of flock health. Under 

thermoneutral conditions this ratio is usually between 1.6:1 to 2.0:1 

but varies widely with age, temperature, diet composition, genetic 

strain and management practices (Pesti et al., 1985; May and Lott, 

1992). The ratio changes from about 1.93:1 on day 11 to 1.72:1 on day 

46, showing the changing metabolic needs (Williams et al., 2013). 

Environmental effects: heat stress increases WI and the WI/FI ratio 

as birds depend on evaporative cooling via panting and decreases 

Feed Intake (FI) (de Baets et al., 2026; Oluwagbenga & Fraley, 2023; 

Donkoh, 1989). Birds under heat stress have higher WI during hot 

periods even when corrected for light hours (de Baets et al., 2026). 

Environmental temperature is perhaps the most acute modulator, 

with water intake increasing by approximately 7% for each 1°C rise 

above the thermoneutral zone. Water temperature effects are less 

consistent, though cold water may improve comfort in heat 

conditions (Erensoy et al., 2020). Dietary effects: moisture-rich 

feed ingredients (e.g., live Black Soldier Fly larvae) reduce WI from 

drinkers (Dorper et al., 2024); dietary sodium, a potent osmotic 

stimulus, increases water intake proportionally; several 

water-delivered supplements increase WI especially under heat 

stress or via osmoregulatory effects (Fathima et al., 2025; Hamdi et 

al., 2026) and high-salinity drinking water stimulates thirst at low 

levels but may reduce WI at high concentrations (Biswas et al., 

2024). Genetic and strain effects: males drink more than females, 

and strains differ significantly in WI patterns and in water 

conversion ratio (WCR) performance, though differences do not 

align strictly with “fast-growingˮ versus “high-yieldingˮ types (Hiltz 

et al., 2025). Monitoring the water-to-feed ratio daily provides a 

sensitive, non-invasive early-warning indicator of flock health; a 

sustained ratio below 1.5:1 may signal water quality problems 

reducing palatability, while a ratio persistently above 2.5:1 may 

indicate heat stress, high dietary salt, diarrhoea, or renal disease 

(Pesti et al., 1985; May and Lott, 1992).

Water-to-feed intake ratio (WI/FI) in broiler chickens shows 

consistent baseline values and predictable responses to 

environmental, dietary, and genetic factors. Baseline ratios for 

conventional broiler diets cluster around 1.75–1.77 g/g (Pesti et al., 

1985; Edge et al., 2025), and historical flock-level studies report 

comparable averages of 1.77 g/g (Edge et al., 2025). Factors that 

increase WI/FI include heat stress, which raises WI while 

depressing FI (de Baets et al., 2026; Oluwagbenga & Fraley, 2023), 

and certain supplements—most notably Pluchea indica extract at 6 

mL/L—reported to raise WI/FI to 2.77 (Hamdi et al., 2026). 

Unrestricted water access during rearing increased breeder pullet 

WI/FI to 2.3 versus 1.8 under restricted access (Van Emous, 2024). 

Factors that decrease WI/FI include diets with high-moisture inputs 

such as live black soldier fly larvae, which supply water from feed 

and reduce drinker intake (Dorper et al., 2024), and water 

deprivation, which alters dynamics because FI often falls faster 

than WI (Mhmoud et al., 2023; Ndlela et al., 2020). Water 

conversion ratio (WCR = water consumed/weight gained) varies 

among strains but shows no sex × strain interaction (Hiltz et al., 

2025), with higher-performing strains generally exhibiting lower 

(more efficient) WCR. Practically, monitoring WI provides a 

sensitive early indicator of flock health because sudden drops 

signal problems (Edge et al., 2025); heat mitigation (cooler water, 

additives, ventilation) is essential to stabilize WI/FI, diet 

formulations should be adjusted when WI/FI deviates markedly 

from baseline, and breeding for water efficiency is feasible since 

selection lines differ in WCR and neuroendocrine profiles (Roach et 

al., 2025). In conclusion, convergent evidence indicates broilers 

maintain a typical WI/FI near 1.75–1.77 under standard conditions; 

environmental stressors—especially heat—are the strongest 

drivers of elevated WI and WI/FI, while diet composition and 

management can modulate the ratio, and strain/sex contribute 

additional variation (Pesti et al., 1985; Dorper et al., 2024; de Baets 

et al., 2026; Hiltz et al., 2025).

Commercial poultry operations typically rely on inline water meters 

on drinking lines as the standard method for monitoring flock water 

intake (Edge et al., 2025). All poultry houses in developed countries 

are reported to be equipped with such water meters, which often 

provide electronic pulse outputs that integrate with house 

controllers to enable automated daily or hourly logging of WI per 

line or per whole house (Edge et al., 2025). These water intake 

patterns serve as real-time health diagnostics because disease 

produces sharp drops in WI and dietary salt problems cause 

elevated WI (Edge et al., 2025). Large-scale flow meters installed 

on commercial-style houses have been used successfully to 

monitor WI over the life of the flock, validating the method for both 

industry and scientific analyses (Edge et al., 2025). Where farms 

lack flow meters, some studies estimated water demand indirectly 

from feed consumption (e.g., 1 kg feed ≈ 2 L water), a suboptimal 

approach that underscores the importance of meter installation 

(Williams et al., 2013).

Automated systems that integrate meter pulse outputs with 

environmental controllers allow logging by row or entire house and 

support early detection of problems such as disease, salt toxicity, or 

leaking drinkers (Xin & Liu, 2017; Edge et al., 2025). While 

specialized research tools—novel low-flow monitoring systems, 

pressure-transducer drinking stations integrated with balances, 

and isotope dilution techniques—can measure individual bird water 

turnover, they are costly and impractical for routine commercial use 

(Puma et al., 2001; Riek et al., 2008; Hiltz et al., 2021). Similarly, 

RFID-linked stations and low-flow meters have been developed for 

research applications but are not used widely on commercial farms 

(Hiltz et al., 2021; Puma et al., 2001).

AI and precision-livestock technologies (computer vision, video 

action recognition, and behavior-detection systems) increasingly 

complement water monitoring by identifying drinking behavior, but 

they do not measure water volume directly and therefore depend 

on flow meters for quantitative intake data (Demmers et al., 2022; 

Wu et al., 2022; Nasiri et al., 2024). Reviews and recent field studies 

confirm that water meters remain the simplest, most reliable way to 
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measure drinking performance in commercial operations (Bao & 

Xie, 2022; Edge et al., 2025). Daily meter-based measurements 

expressed as WI per house or per 1,000 birds are widely used for 

benchmarking and provide sensitive early warning of health and 

management issues, making meter installation and integration with 

data logging a practical priority for commercial broiler and layer 

farms (Williams et al., 2013; Edge et al., 2025).

Sources of Drinking Water on Poultry Farms

Municipal (Treated) Water

Municipal water sources assure the most consistent baseline 

quality. Residual chlorine (0.2–0.5 mg/L) can interfere with live 

vaccines, some medications, and probiotics administered through 

the water line (Kalita et al., 2020). pH fluctuations associated with 

treatment may reduce solubility of water-soluble vitamins and 

medications. The significant water quality parameters with their 

acceptable ranges for broilers and various characteristic 

challenges faced by different sources available has been shown in 

Table 1.

Groundwater (Well Water)

Groundwater is the primary source for the majority of global poultry 

operations. Its quality is highly variable and mostly depends on the 

geographical location of the farm. TDS frequently exceed 3,000 

mg/L in well water from arid and semi-arid regions, and elevated 

sodium, sulphate, calcium, magnesium, and iron concentrations 

are common (Augusto et al., 2022; Raut et al., 2025). Nitrate 

contamination from agricultural runoff also represents an 

increasing problem for the only available drinking water source for 

the poultry farms.

Surface Water

Surface water sources are presented as the water sources with the 

most susceptible microbiological and chemical risks. Surveys 

indicate that up to 87% of stream samples in agricultural 

catchments exceed E. coli limits for poultry use (Derose et al., 

2020). Surface water should never be supplied to broilers without 

comprehensive treatment.
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Table 1: Key water quality parameters-acceptable ranges for broilers and characteristic challenges by source type

Parameter Acceptable Range (Broilers) Municipal Well Water Surface Water

pH 6.5-8.5 Variable Often alkaline Variable; seasonal

TDS (mg/L) <1,500 (<3 weeks); <3,000 (>3 weeks) Generally OK Often >3,000 Moderate

Total Hardness 

(mg/L CaCO₃) 60–300 Variable Often very high Variable

Sodium (mg/L) <200 Generally low Often elevated Usually, OK

Iron (mg/L) <0.3 Usually, <0.1 Frequently elevated

Elevated after runoff

Nitrate (mg/L) <15 Usually, low Variable Agricultural runoff risk

Total Coliforms 

(CFU/mL) <100 Low (treated) Contamination risk High risk

E. coli (CFU/mL) Absent (<1) Low (treated) Risk of contamination Frequently positive

Turbidity (NTU) <5 Low Usually, low Often elevated

(Do Amaral, 2004; Augusto et al., 2022; Raut et al., 2025; Munster and Kemper, 2024)

Ke y  P h y s i c o c h e m i c a l  Wa t e r  Q u a l i t y 
Parameters and Their Effects on Broiler 
Production

Total Dissolved Solids (TDS) and Salinity

Total dissolved solids (TDS) is a comprehensive measure of all 

dissolved inorganic and organic substances in water (mg/L or 

ppm). Salinity refers specifically to the concentration of dissolved 

salts, predominantly sodium chloride, and forms a component of 

TDS. Both parameters are operationally measured via electrical 

conductivity (EC), with 1 µS/cm approximately equivalent to 0.5-0.7 

mg/L TDS (Mirsalimi and Julian, 1993).

The physiological consequences of elevated TDS and salinity are 

dose-dependent. High osmotic load induces increased water 

consumption at low to moderate salinity as an attempt to dilute 

excess ions, followed by paradoxical reduction in water intake at 

high salinity as palatability deteriorates (Biswas et al., 2024). 

Experimental exposure of broilers to saline water at 0, 5, 10, and 15 

g/L demonstrated a significant inverse relationship between salinity 

concentration and feed intake and BWG (Biswas et al., 2024; 

Mushtaq et al., 2013). Increasing drinking-water salt level from 0 to 

15 g/L produced progressive negative effects: compared with the 

control (0 g/L), T1 (5 g/L) showed reduced body weight a moderate 

decline in antibody titers, a rise in E. coli antibiotic resistance to 

47.22%, and minimal organ damage; T2 (10 g/L) caused further 

reductions in weight and intake, significant antibody decline, 

50.00% E. coli resistance and fibrotic changes; T3 (15 g/L) 

produced the lowest body weight and feed intake, severe antibody 

decline, 55.56% E. coli resistance, and severe fibrosis-indicating a 

dose-dependent deterioration in production, immunity, and organ 

health associated with higher water salinity (Biswas et al., 2024). 

FCR worsens proportionally with increasing salinity. At the renal 

level, elevated dietary sodium imposes a significant excretory 

burden, and histopathological evidence of renal stress has been 

documented in experimental birds exposed to saline water 

(Mirsalimi et al., 1993). Salt-induced pulmonary hypertension and 

right ventricular hypertrophy-precursors to ascites syndrome are 

particularly prominent in rapidly growing broilers under three 

weeks of age (Mirsalimi and Julian, 1993). 

Figure 1 represents graphical synthesis of the dose-response 

relationship between Total Dissolved Solids (TDS) and key 

production outcomes (BWG and FCR) across a range of published 

experimental values while Table 2 is depicting the general 

classification of drinking water for broiler chicken as per the TDS 

and showing its implications on health and performance. 
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Drinking Water pH: Acidity, Neutrality, and 
Alkalinity

Water pH is among the most consequential and practically 

modifiable parameters in broiler water management. The 

gas t ro in tes t ina l  t rac t  o f  b ro i le rs  requ i res  an  ac id ic 

microenvironment-particularly in the proventriculus (pH 2.5-3.5) 

and gizzard (pH 2.0-3.5) to activate pepsinogen to pepsin, initiate 

protein denaturation, and create bacteriostatic conditions (Yadav et 

al., 2010). When drinking water pH is elevated, it contributes to 

buffering of gastric acid, raising luminal pH and impairing these 

critical early digestive processes.

Numerous studies have demonstrated that water acidification to pH 

5.0-6.5 improves broiler BWG, ADG, and FCR relative to birds 

receiving neutral or alkaline water (Chaveerach et al., 2002; Hamid 

et al., 2018; Samudovská et al., 2018). The performance-enhancing 

effects of acidifiers are attributed to stimulation of pancreatic 

enzyme secretion (Dibner et al., 2002), enhanced mineral solubility 

and absorption, improved protein digestibility, and direct 

antimicrobial effects on enteric pathogens. The antimicrobial 

mechanism involves undissociated acid molecules penetrating 

bacterial cell membranes and dissociating intracellularly, releasing 

protons that acidify the cytoplasm and inhibit acid-sensitive 

metabolic enzymes (Davidson et al., 2012; Carpenter and 

Broadbent, 2009).

The claim that “alkaline water = healthˮ for humans does not hold 

reliably for poultry. Raising drinking-water pH alone generally does 

not improve growth, feed or water intake, FCR, or amino-acid 

digestibility (Bassi et al., 2022; Raut et al., 2025), and highly alkaline 

water (pH > 8) can impair pepsin activity, protein digestion, and 

palatability (Azizi et al., 2026). Reported benefits typically come 

from ionized/electrolyzed reduced waters that alter ORP, TDS, and 

have mild antimicrobial effects properties that, not pH per se, seem 

responsible for improvements in weight or antioxidant markers 

(Khalil et al., 2025; El-Sabrout et al., 2026) yet these benefits are 

inconsistent under commercial stressors such as cyclic heat (de 

Baets et al., 2026). Mildly acidified water more consistently 

supports performance and gut health as depicted in Figure 2 

(Hamid et al., 2018; Mahmoud et al., 2024). Practically, maintain 

drinking water at pH ~5.5 to 7 with low TDS, good hygiene, and 

balanced minerals rather than pursuing alkalinity (Bassi et al., 2022; 

Raut et al., 2025; Azizi et al., 2026).

On the other hand, highly alkaline water (pH >8.5), especially when 

induced by sodium bicarbonate supplementation, consistently 

affects the health and productivity of broilers, resulting in poor 

productive development, increased ascites incidence, higher 

mortality, and negative impacts on immune organ weights and 

caecal pH (Hamid et al., 2018). In practice, the pH of drinking water 

should be aimed at between 6.0 and 7.0, which represents the best 

compromise between digestive efficiency, mineral solubility, 

antimicrobial activity and palatability.

Water Alkalinity

Alkalinity frequently gets equated with pH but these are two 

different parameters. pH is a measure of the instantaneous 

concentration of hydrogen ions, while alkalinity is the ability of the 

water to buffer or resist changes in pH when acids are added. The 
-buffering capacity is mainly provided by bicarbonate (HCO ), 3

2-) -carbonate (CO  and hydroxide (OH ) ions expressed in mg/L as 3

calcium carbonate (CaCO ). Operationally, alkalinity defines the 3
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Figure 1: Dose-response relationship between drinking water total dissolved solids (TDS) concentration and broiler production outcomes. Body 

weight gain (BWG) is expressed as percentage of control (<500 mg/L TDS = 100%); feed conversion ratio (FCR) is expressed as a relative index with 

control=1.00. Data points represent means synthesised from published experimental and field studies. The critical threshold at 3,000 mg/L TDS 

marks the point beyond which both BWG and FCR deteriorate sharply. Zone classifications follow Hess and Macklin (2025).

Watery manure possible at upper range; no 
significant growth effect

Expected Effects on Broilers

Wet litter, increased mortality risk, stunted growth

Severe dehydration, salt toxicity, organ failure

Lethal for poultry; unsuitable for most livestock

Health problems, poor growth, survival concerns 
near upper limit

No health or performance impairment expected

Table 2: Classification of drinking water by TDS and associated health and performance implications for broiler chickens

 (Hess and Macklin, 2025; Mirsalimi and Julian, 1993; Biswas et al., 2024)

Monitor closely; test regularly

Recommended Action

Treatment advised; limit to mature birds

Do not use without full desalination

Must not be used

Treatment required; avoid for young chicks

No treatment required

Acceptable

Classification

Marginal

Unsafe for Poultry

Unsuitable

Poor

Excellent

  1,000-2,999

TDS (mg/L)

3,000-4,999

7,000-10,000

>10,000

5,000-6,999

<1,000
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practical difficulty and expense of pH adjustment with acidifiers: it 

takes significantly more acid to bring the pH of high-alkalinity water 

down to 6.0 than of low-alkalinity water, with the same initial pH 

(Hamid et al., 2018).

Broiler drinking water high in alkalinity has effects other than 

increasing pH. An excess of bicarbonate and carbonate ions 

buffers gastric acid in the crop, proventriculus, and gizzard, 

inhibiting the activation of pepsinogen to pepsin. This impairment 

reduces the efficiency of protein digestion and absorption of amino 

acids downstream with direct consequences on muscle adherence 

and growth performance. Furthermore, a high luminal pH favours 

the growth and colonisation of acid-sensitive pathogens such as 

Clostridium perfringens and Campylobacter spp. (van Bunnik et al., 

2012).

At the microbiome level, acidified water induces a compositional 

change in favour of beneficial microbial communities. Gao et al., 

(2021) observed an increase in the relative abundance of 

Firmicutes and Bacteroidetes and a decrease in Proteobacteria in 

acidifier-treated broilers. These birds showed decreased intestinal 

pro-inflammatory cytokines, Tumor Necrosis Factor-α and 

In te r leuk in- 1β  (TNF-α ,  I L- 1β )  and  inc re ased  se rum 

immunoglobulins (IgG, IgA, IgM). Morphologically, acidified water 

leads to a significant increase in intestinal villus height and villus-to-

crypt ratio, both of which indicate an increase in absorptive surface 

area (Gao et al., 2021). Acidifiers, used alone or in combination with 

essential oils, consistently reduce viable counts of E. coli and 

Salmonella in caecal microbiota while enhancing proliferation of 

beneficial Lactobacillus populations (Dong et al., 2024).

Water Hardness

Water hardness is defined by the combined dissolved 

concentration of calcium (Ca²⁺) and magnesium (Mg²⁺) ions, 

expressed in mg/L as calcium carbonate (CaCO₃) or German 

degrees of hardness (°dH). Hard water (>14°dH or >250 mg/L 

CaCO₃) promotes scale deposition in water distribution lines, nipple 

drinkers, filters, and evaporative cooling systems as shown in Table 

3 (Munster and Kemper, 2024). The resulting blockages reduce 

water flow rates and create stagnant zones harbouring biofilm-

forming bacteria. Scale deposits also significantly reduce the 

solubility and antimicrobial efficacy of disinfectants and impair the 

dissolution of water-soluble medications and vitamins.

Magnesium levels above 125 mg/L in drinking water can have a 

strong laxative effect by increasing osmotic activity in the intestine, 

resulting in wet litter and related problems such as footpad 

dermatitis (Munster and Kemper, 2024). Even lower magnesium 

concentrations, around 50 mg/L, may cause similar effects when 

sulphate or chloride levels are also high. Water hardness caused by 

excess magnesium can be reduced through chemical precipitation 

methods, but ion-exchange systems are generally more effective. 

However, when sodium levels in water are already high, potassium-

based softeners or reverse osmosis (RO) systems are considered 

better alternatives.

Table 3: Water hardness classification and practical management implications for poultry operations

<8.4°dH (<150 mg/L CaCO₃) No treatment required

8.4-14°dH (150-250 mg/L CaCO₃)

>14°dH (>250 mg/L CaCO₃)

Hardness Classification Practical Implications Management

Periodic acidic flushing

Ion exchange or RO softening 
strongly advised

Soft

Moderately Hard

Hard

Minimal risk; suitable for most applications

Moderate scale risk; monitor drug solubility

High scale/clogging risk; Mg laxative effects; 
reduced disinfectant/drug efficacy

°dH = German degrees of hardness (1°dH = 17.8 mg/L CaCO₃). ���(Munster and Kemper, 2024.)

Specific Minerals and Trace Elements

Apart from general water quality measures such as TDS and 

hardness, specific minerals and trace elements can independently 

influence broiler physiology through different biological 

mechanisms. Table 4 summarises their acceptable limits, biological 

effects, interactions with equipment, and suitable treatment 

approaches. 

Sodium and chloride require special attention because of their 

synergistic effects on bird health. High sodium levels (>300 mg/L), 

especially when accompanied by chloride or sulphate, can lead to 

wet droppings due to their osmotic laxative action and may also 

encourage the growth of Enterococcus in water lines.

Iron is another important concern in poultry drinking water. At 

concentrations above 0.3 mg/L, it supports the growth of biofilm-

forming bacteria in the water system, gives water a metallic taste 

that can reduce voluntary intake, and may interfere with vaccine 

stability and the effectiveness of medications.

Nitrate contamination (>15 mg/L) is also becoming a growing global 

issue. In young chicks, intestinal bacteria can convert nitrate into 

nitrite, which changes haemoglobin into methaemoglobin and 

reduces the blood's oxygen-carrying capacity. This condition, 

known as methemoglobinemia, may appear clinically as dullness 

along with a bluish-purple discoloration of the combs and wattles.

Table 4: Key minerals and elements in drinking water-recommended thresholds, biological effects, and treatment strategies for 
broiler operations

Sodium (Na)

Chloride (Cl⁻)

Sulfate (So₄²⁻)

<200

<250

<200

Wet manure (laxative); >600: eggshell 
issues; promotes Enterococcus

Laxative (synergistic with Na, SO₄²⁻); wet 
manure; reduced feed intake

Laxative; 'rotten egg' odour (H₂S from 
bacteria); reduced performance

Reverse osmosis; blend with low-Na water

Reverse osmosis; address Na concurrently

Aeration; chlorine shock treatment; RO

Mineral/Parameter Threshold (mg/L) Biological/Equipment Effects 

Tripathi et al
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Microbiological Water Quality

Microbiological contamination of drinking water is a major, yet often 

overlooked, aspect of water quality management in broiler 

production. Contaminated water can easily spread enteric 

pathogens within and between flocks, leading to higher disease 

incidence, mortality, antibiotic usage, and increased food safety 

concerns (Di Martino et al., 2018; Derose et al., 2020). The most 

commonly implicated waterborne pathogens include E. coli, 

Salmonella spp., Campylobacter spp., Clostridium perfringens, 

and Pseudomonas aeruginosa (Di Martino et al., 2018). Surveys 

conducted on commercial poultry farms indicate that water 

contamination is a common concern. For example, Osei et al. (2019) 

found that the total coliforms and faecal Enterococci were present 

in 97% and 56% samples respectively. Along with these, 

Escherichia coli, Salmonella typhi, Staphylococcus aureus and 

non-coagulase Staphylococci were also isolated from four samples 

an found that 58% of water samples collected from small-scale 

layer farms exceeded recommended chemical limits, while 47.4% 

failed to meet microbiological quality standards.

Biofilm proliferation within water distribution systems presents a 

particularly insidious challenge to microbiological control. These 

structured communities of microorganisms reside within a self-

produced extracellular polymeric matrix that confers substantial 

resistance to conventional disinfection protocols. Consequently, 

the biofilm functions as a persistent reservoir, continually seeding 

the water flow with planktonic bacteria (Zhu et al., 2021). To achieve 

effective biofilm management, a rigorous remediation regimen is 

required; this entails periodic line cleaning with alkaline detergents 

to disrupt the organic matrix, followed by acidic descaling, and 

culminating in terminal disinfection with chlorine dioxide, peracetic 

acid, or hydrogen peroxide-based products (Demkina et al., 2023).

While systemic biofilm management is critical, the continuous 

disinfection of drinking water remains the cornerstone of 

microbiological quality management. Chlorination is the most 

widely practiced method, typically maintaining a free residual 

chlorine concentration of 0.5–3.0 mg/L at the drinker. However, the 

biocidal efficacy of this practice is highly contingent upon water 

chemistry, being fundamentally pH-dependent and significantly 

reduced by the presence of organic matter (Gani et al., 2024; Jiang 

et al., 2024).

E ffe c ts  o f  Wa te r  Q u a l i t y  o n  C a rc a s s 
Characteristics and Meat Quality

Dressing Percentage and Carcass Yield

Poor water quality over a long period reduces dressing percentage 

by lowering body weight gain and muscle growth. Broilers exposed 

to high TDS or high-salinity water exhibit reduced live weights at 

any given age, and their carcasses tend to show proportionally 

lower yields of breast and thigh meat due to the diversion of 

metabolic resources from anabolic processes to osmotic regulation 

and immune activation (Biswas et al., 2024; Mushtaq et al., 2013). 

Experimental comparisons between control and saline-water 

groups have reported reductions in dressing percentage of 2-5 

percentage points, with proportionally greater reductions in breast 

muscle yield.

Immune Organ Weights

Water quality profoundly affects the relative weights of immune 

organs particularly the spleen, bursa of Fabricius, and thymus. 

Exposure to strongly alkaline water or high-TDS water has been 

associated with reduced relative spleen and bursa weights, 

indicating impaired primary lymphoid tissue development (Hamid 

et al., 2018). In contrast, water acidification consistently improves 

immune organ development, increases antibody levels, and 

enhances circulating immunoglobulin concentrations (Gao et al., 

2021; Dong et al., 2024).

Meat Quality Parameters

Meat quality attributes such as water holding capacity (WHC), 

ultimate pH (pH 24h), colour indicator as L*, a*, and b*, where L* 

determines the lightness of the meat surface (0 = black to 100 = 

white) and is used to distinguish pale from dark meat (Chmiel et al., 

2018); a* denoting the redness closely related to myoglobin state 

while b* represents the yellowness, which increases with oxidation 

or bacterial growth during storage; tenderness (Sellimi et al., 2017); 

and oxidative stability are indirectly affected by water quality 

through its impact on ante-mortem physiology, muscle glycogen 

reserves, and oxidative stress status. Saline water induces osmotic 

stress in broilers and increases plasma corticosterone 

concentrations, which promotes protein catabolism and reduces 

muscle glycogen, resulting in the change of muscle fiber 

composition, ultimately leading to impaired WHC and increased 
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Oxidation (Cl₂, ClO₂, ozone) + aeration + 
filtration

Extended Cl₂ contact + filtration; greensand 
filter

Ion exchange; RO; blend with low-Mg water

Reverse osmosis; anion exchange

Reverse osmosis; ion exchange

Filtration; replace corroded plumbing

Activated alumina; bone char; RO

Acidification (target pH <6.5); anion exchange

Filtration; RO for high TDS

Iron (Fe)

Manganese (Mn)

Magnesium (Mg)

Nitrate (No₃⁻)

Nitrite (No₂⁻)

Copper (Cu)

Fluoride (F⁻)

Alkalinity

TDS (Total)

<0.3

<0.05

<125

<15

<1

<0.6

<2

<100 mg/L CaCO₃

<1,500 (<3 wks) 
<3,000 (>3 wks)

Metallic taste; biofilm formation; impairs 
vaccines/medications

Black deposits in drinkers/filters; slow to 
remove

Laxative at >125 mg/L (>50 mg/L with high 
SO₄²⁻ or Cl⁻)

Methemoglobinaemia; apathy; reduced 
weight gain (young chicks)

Highly toxic; severe oxygen transport 
impairment

Pipe corrosion source; oral/gizzard lesions; 
taste alteration

S ke l e t a l  f l u o ro s i s ;  i m p a i re d  b o n e 
mineralisation at high levels

Buffering reduces acid efficacy; bitter taste; 
pipe corrosion

Osmotic diarrhoea; reduced growth; 
mortality at >5,000 mg/L

(Munster and Kemper, 2024; Hess and Macklin, 2025; Mirsalimi and Julian, 1993) RO = reverse osmosis.
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drip loss of the processed carcass (Mushtaq et al., 2013). High 

dietary sodium and chloride from poor quality water may also 

contribute to pre-slaughter electrolyte imbalances that accelerate 

post-mortem glycolysis, lower ultimate muscle pH, and produce 

pale, soft, exudative (PSE)-like meat characteristics.

Water Quality Monitoring and Management 
Strategies

Routine Monitoring Protocols

Water chemistry (pH, hardness, TDS, salts, metals) changes slowly 

but has major, cumulative effects on bird health, so chemical testing 

twice yearly is justified. Broad panels capture corrosion, 

underground shifts and seasonal trends, and long-term surveys 

show chemical exceeding levels are common (Augusto et al., 2022; 

Djeffal et al., 2025; Mohebbi et al., 2023; Münster & Kemper, 2024).

Microbiological monitoring quarterly is appropriate, as microbial 

loads change rapidly due to temperature, season, distribution 

conditions and hygiene. Biofilms and contamination re-establish 

themselves within a single cycle, so more frequent checks are 

useful for early detection of problems (Mustedanagic et al., 2023; 

Schroeder et al., 2024; Raut et al., 2024). Collecting water samples 

from the source, storage tank/header, and drinker points provides a 

realistic assessment of water quality throughout the supply system. 

Source samples indicate the baseline water quality, tank or header 

samples help identify any deterioration during storage and 

distribution, while drinker-end samples often reflect the highest 

level of contamination that birds are actually exposed to (Augusto et 

al., 2022; Kamal et al., 2024; Raut et al., 2024).
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Figure 2. Integrated mechanisms through which drinking water quality affects broiler gastrointestinal function, nutrient utilisation, immune 

competence, and production performance.

(ADG, average daily gain; AMR, antimicrobial resistance; BWG, 

body weight gain; Ca, calcium; FCR, feed conversion ratio; Fe, iron; 

IgA/G/M, immunoglobulins; IL-1β, interleukin-1 beta; P, 

phosphorus; TDS, total dissolved solids; TNF-α, tumour necrosis 

factor alpha)

Knowledge Gaps and Future Research 
Directions

Carcass and meat quality research: The direct impact of various 

drinking water quality parameters on broiler carcass composition, 

meat quality traits such as pH, colour, water-holding capacity, 

tenderness, shelf life, and food safety has not been studied as 

extensively as their effects on growth performance. Therefore, 

well-designed controlled studies using standardised carcass 

evaluation methods are urgently required to better understand 

these relationships.

Interactive effects of multiple parameters: Mostly the 

experimental studies have focused to examine single water quality 

parameters in isolation, but in field conditions invariably involve 

complex combinations and situation during poultry production. 

Studies employing factorial or response surface methodology 

designs to examine interactive effects would substantially improve 

applicability to real-world and field level production systems.

Age-dependent sensitivity: Young chicks (0 to14 days) are 

extremely sensitive to osmotic, ionic, and microbiological water 

quality challenges. Systematic research demarcating the age-

dependent thresholds and critical developmental strategies would 

enable the age-targeted management strategies.

Climate change and water quality: Rising temperatures and 

changing rainfall patterns are expected to influence the quality of 

drinking water by altering groundwater mineral concentration, 

increasing the risk of contamination in surface water sources, and 

promoting the accumulation of total dissolved solids (TDS). These 

effects are likely to be more pronounced in semi-arid livestock 

production regions, including large parts of India.

Economic modelling: A comprehensive cost-benefit analysis 

quantifying the return on investment for water quality testing, 

treatment infrastructure, and ongoing management programmes 

relative to losses from poor water quality is lacking in the literature 

and research trials in poultry production.

Conclusion

Water quality is a precision nutrition variable that needs to be 

systematically managed for productive and sustainable broiler 

production. The review presented here shows clearly, that pH, 

alkalinity, total dissolved solids, mineral composition and 

microbiological status have each mechanistically different effects 

on gut physiology, nutrient utilization, immune competence and 
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carcass quality, effects that are comparable in magnitude 

quantitatively to those of dietary formulation decisions. This 

understanding needs to be translated to the field with the non-

negotiable components of flock management being routine, 

source-specific water testing, alkalinity-matched acidification to 

maintain drinker pH in the 6.0–7.0 range, and a continuous, 

evidence-based microbiological sanitation program.

But these growing bodies of evidence have three critical gaps that 

limit the full integration of water quality into poultry nutrition 

science. Firstly, the interaction between drinking water mineral 

profiles, in particular calcium, magnesium, sulphate and 

bicarbonate, and the bioavailability of key dietary nutrients such as 

phosphorus, amino acids and fat soluble vitamins is poorly 

characterised. Current feed formulation models do not take into 

account water-derived mineral contributions, which may result in 

systematic errors in nutrient balance calculations and affect the 

precision of diet formulation. Secondly, age-stratified water quality 

thresholds for the critical 0–14 day brooding period are largely 

absent from the literature. This developmental window, 

characterized by intestinal immaturity and increased osmotic 

vulnerability, requires dedicated dose-response research to 

establish evidence-based guidelines for young chick management 

that are currently lacking. Thirdly, there are no validated economic 

models that measure the return on investment for water quality 

monitoring, treatment infrastructure and programme management 

relative to production losses from compromised water, leaving 

nutritionists and producers without the decision-support tools 

needed to prioritise water quality interventions within integrated 

flock management programmes.

By addressing these gaps with controlled factorial studies on 

nutrient-water interactions, age-specific threshold trials in the 

brooding phase, and rigorous cost-benefit modelling, water quality 

will become a core, quantifiable pillar of evidence-based poultry 

nutrition with direct implications for feed efficiency, bird welfare, 

food safety, and the long-term sustainability of global broiler 

production.
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Introduction

Wheat straw is an important renewable bioresource for producing 

ruminant feed and bioenergy due to its high production and high 

carbohydrate content (Battaglia et al., 2020, van Kuijk et al., 2015a). 

Wheat straw, rice straw, and corn stover are the most abundant 

lingocellulosic biomasses among agricultural residues in the world, 

used mainly as feed for livestock or agricultural supplements. 

Wheat straw consists mainly of cellulose (28%–39%), 

hemicelluloses (23%–24%), lignin (16%–25%), and fewer contents 

of ash and protein (Alvarez et al., 2021). Wheat straw is the fibrous 

crop residue left after removing the grain through threshing. Due to 

the higher content of indigestible fiber, these are low in energy and 

protein, and hence the nutritive value is low, which limits their 

effective utilization. To overcome these limitations, farmers in North 

India fed wheat straw, which is commonly fed to the cattle and 

buffaloes in the form of Sani (a wet mixture of grain, cakes, chopped 

green fodder, and wheat straw soaked overnight).  Erickson et al. 

(1982) found that there was a significant difference between straw 

from different barley genotypes. Rao et al. (2022) evaluated rice 

straw of different bio-fortified varieties and landraces and found 

differences in chemical composition, in vitro dry matter digestibility, 

and fermentation metabolites.  Keeping in mind the effect of 

varieties on the energy value of straw, farmers currently prefer to 

adopt cultivars that produce superior quality straw as well as high 

grain yield. 

Wheat (Triticum aestivum) is grown in India under irrigation 

conditions to the tune of 31.6 million hectares with a production of 

107.86 million tons in 2021 (Agricultural Statistics at a Glance, 2022). 

With a grain-to-straw ratio of 1:1.23 (Giridhar et al. 2013), the 

potential availability of wheat straw is 132.7 million tons. Practically 

wheat straw alone can provide the roughage needs of 72 million 

cattle and buffaloes (assuming 5 kg of wheat straw per head), 

which are quite substantial. The majority of wheat cultivated is used 

to make Chapathi (Bread). However, for pasta purposes, another 

important wheat species grown in Central India is i.e., durum wheat 

(Triticum durum). Several Indian durum varieties are of high 

nutritive value with higher protein, yellow pigment, and essential 

micronutrients like iron and zinc. The yellow pigment imparts a 

yellow hue to the pasta made from durum semolina, and which 

imparts good human health due to the antioxidant properties of the 

carotenoids present. Many wheat varieties (bread and durum) 

having potential yield and nutritional quality parameters (more 

protein, iron, and zinc) were released for peninsular, central, and 

rain-fed zones with limited irrigation and late-sown conditions of 

central India (Prasad and Prakasha, 2020).  In the present study, 

twelve released varieties of wheat straw (six durum and six bread) 

obtained from IARI Regional Station in Indore (M.P) were analyzed 

for chemical composition, in vitro evaluation, fermentation 

metabolites.

Materials and Methods

Description of the plant material

Twelve released varieties of wheat straw obtained from IARI 
Regional Station in Indore (M.P) were used. They comprised of six 
durum wheat (Triticum durum) varieties (HI8713, HI8737, HI8663, 
HI8759, UAS 428, HI 8777) and six bread wheat (Triticum aestivum) 
varieties (HI1544, HI1634, HI1531, HI1605, WB02 and HI1633). 
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HI8737, UAS428 and HI 1633 are recommended for North Eastern 
plain and Peninsular zone of India. WB02- BFV NWPZ is for North 
Western plain zone and the remaining verities are recommended 
for the central zone of the country. 

Evaluation of chemical Composition

The samples were ground in Cyclotec Mill (Foss) using 1 mm sieve. 
The samples were analyzed for crude Protein (990.03: AOAC, 
2012), total ash (942.05: AOAC, 2012) and crude fiber (962.09: 
AOAC, 2012) and fibre fractions like NDF, ADF, hemi-cellulose, 
cellulose and lignin (Van Soest et al. 1991). 

Mineral estimation 

About 1 g of feed sample was digested by 9 ml of tri-acid mixture 
(HNO : HCLO :H SO  - 3:2:1) in a 100 ml Kjeldahl flask containing 3 4 2 4

glass beads to avoid bumping at very low heat initially and then at 
high temperature till the contents clear and perchloric acid fumes 
cease to come out. Then the digested sample was diluted with 
distilled water and filtered through Whatman filter paper No 42 and 
the final volume was made up to 25 ml (AOAC, 2005). The contents 
of different minerals in the samples were analyzed by using an 
atomic absorption spectrophotometer (Shimadzu-7880). A stock 
solution containing 1000 ppm of Zn mineral was purchased from 
Merck Chemicals. The operating parameters for estimation of Zn 
were: Zn hollow cathode lamp: Wavelength, 213.9 nm: slit width, 0.7 
nm: lamp current, 8.0 mA: vapor type, air/acetylene.

Evaluation of in vitro gas production

The rumen liquor was collected from the fistulated crossbred cattle 
before the offering of feed and water in the morning at the 
experimental livestock unit of the institute in a double-walled 
(thermos) flask flushed with CO  and maintained at 39°C in the 2

incubator. The rumen liquor was then strained with four-layered 
muslin cloth and added (440 ml) to the buffer. The buffer was 
prepared by mixing 486 ml of distilled water, 0.13 ml of micro 
mineral solution, 244 ml of rumen buffer solution, 244 ml of macro 
mineral solution, 1.26 ml of Resazurin solution, 2.13 ml of 1N NaOH, 
0.293 g of Sodium sulfide, and 49.3 ml of distilled water (prepared 
fresh and added just before incubation). The medium mixture 
solution was pre-warmed to 39ºC and bubbled with CO  just before 2

addition to rumen liquor. Air-equilibrated feed samples (200±10 
mg) were incubated in 100 ml calibrated syringes at 39°C for 24 h 
with 30 ml mixed rumen suspension containing rumen buffer and 
rumen liquor in a ratio 2:1 (Menke and Steingass 1988) with parallel 
incubation of a blank without a feed sample. The syringes were 
shaken every 30 minutes till 2 h and thereafter every 2 h up to 8 h to 
initiate proper mixing of substrate with inoculum. Each sample was 
incubated in ten tubes over two independent runs. The total 
incubation period of 24 h was given, and at the end of incubation, 
the level of the piston was again recorded. The total gas production 
during the incubation period was calculated by subtracting the 
initial reading from the final reading and correcting for 
corresponding blanks. 

Calculation:

Total Gas Production (ml/200mg)in 24 hours=(V-V0-G0)
 V= Reading after 24hr; V0= Reading after 1st reading; Gο= Gas 

produced in blank syringes

Evaluation of in vitro digestibility 

To determine the substrate digestibility, contents of syringes after 

incubation were refluxed for 1 h with neutral detergent solution, 

filtered, and oven dried at 60°C for 48 h to determine the in vitro dry 

matter digestibility (IVDMD). Subsequently, the residue obtained 

after double-strength neutral detergent solution treatment was 

incinerated at 600°C for 3 h to estimate the in vitro true organic 

matter digestibility (IVOMD), and metabolizable energy (Menke and 

Steingass 1988) was calculated using formula.

ME=2.2+0.136 GP+0.057CP+0.0029EE

Where: 

ME=Metabolizable Energy (MJ/Kg DM); GP=Net Gas Production 

ml/200 mg substrate in 24 hours; CP= Crude Protein (%); EE=Ether 

Extract (%)

Rumen fermentation parameters

The fatty acids like acetate, propionate, butyrate, iso-butyrate, 

valerate, and iso-valerate in the incubation medium were estimated 

using the procedure described by Cottyn and Boucque, (1968), 

where a gas chromatograph (Agilent – 7890A) equipped with a 

flame ionization detector (FID) capillary column (Agilent J&W DB-

WAX GC column 40mmX0.18mmX0.18µm) was used. 

Statistical Analysis

The various parameters considered were compared between and 

within broad groups of durum and wheat using one way analysis of 

variance. Similarly, correlation co-efficients were calculated among 

all the parameters using Statistical Package for the Social Sciences 

software (PASW Statistics Release 18.0.0 (Jul 30 2009). The 

significance level of 0.05 was used to compare treatment means 

(Snedecor and Cochran 1994).

RESULTS AND DISCUSSION

Chemical Composition

Durum

HI-8759, a bio-fortified variety released for the central zone has 

significantly higher CP than HI-8713 and comparable CP with HI-

8737 and HI-8663. HI-8777, a bio-fortified variety found in the 

North Eastern Plain Zone and Peninsular zone has less CP than UAS 

428. HI-8777 has lower EE than HI-8737 and HI-8663 and is 

comparable with HI-8713, whereas HI-8777 has similar EE to UAS-

428. The total ash ranged from 7.29 in UAS 428 to 9.88 in HI 8663. 

HI-8759 has more Zn than HI-8713 and is comparable with HI-8737 

and HI-8663. However, UAS 428 has more Zn than its bio-fortified 

counterpart (HI-8713) (Table 1a).

HI-8759 has less NDF and ADF compared to HI-8713, whereas 

HI8777 has more NDF, ADF, and cellulose compared to UAS428. 

Hemi-cellulose in HI8759 is higher than HI8737 and HI8663, 

whereas HI8777 and UAS428 have comparable hemi-cellulose 

content (Table 1b).

Table 1 a. Proximate Composition (%) of different varieties of durum wheat straw 

Variety Dry Matter Crude Protein Ether Extract Total Ash Acid Insoluble  Ash Zinc (mg/kg)
a bc a aHI 8759 93.22 ± 0.01 6.66  ± 0.09 0.86 ±0.08 9.50 ±0.28 4.09  ± 0.11 18.0
bc c b ab HI 8713  91.39 ± 0.01 3.43  ± 1.11 0.68  ± .02 8.25 ±0.18 3.90 ± 0.07 10.3
ab a a bHI 8737  93.87 ± 0.01 4.50  ± 0.12 1.42 ±0.04 9.88 ±0.13 3.50  ± 0.07 14.3
ab ab a aHI 8663  93.22 ± 0.01 5.43  ± 0.18 1.20 ±0.07 9.88 ±0.13 3.50  ± 0.07 16.1

c c a aHI 8777  93.69 ± 0.01 1.36  ± 0.17 0.52  ±0.04 9.08 ±0.08 4.19  ± 0.06 13.6
a bc c aUAS 428  93.91 ± 0.01 6.70  ± 0.17 0.79 ±0.04 7.29 ±0.20 4.06  ± 0.14 17.8

Significance - ** ** ** ** -

P Value - P<0.01 P<0.01 P<0.01 P<0.01 -
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Table 1 b. Fiber components (% DMB) of different varieties of durum wheat straw

Variety Neutral Detergent Fiber Acid Detergent Fiber Cellulose Hemi cellulose Acid Detergent Lignin
b c a dHI 8759 69.60 ± 0.24 36.03 ±0.44 33.57 ± 0.70 28.38  ± 0.58 7.65±0.13

a a a ab HI 87137 7.96  ± 0.90 43.02 ±0.90 34.94 ± 0.00 35.13 ± 0.78 7.89±0.13
b a b aHI 8737 69.51  ± 1.07 45.03  ± 0.69 24.48  ± 1.77 37.01  ± 0.62 8.02±0.07
b b b bcHI 8663 68.24  ± 0.25 40.25  ± 0.50 27.99  ± 0.76 32.16  ± 0.51 8.09±0.01
a a a aHI 8777 75.90  ± 0.56 43.03  ± 0.26 32.87  ± 0.31 35.38  ± 0.56 7.65±0.30
b c a cdUAS 428 69.65 ±0.32 37.23 ± 0.29 32.42  ± 0.03 29.20  ± 0.66 8.03±0.37

Significance ** ** * ** NS

P Value P<0.01 P<0.01 P<0.05 0.01 0.52

NS-Not-Significant (P>0.05); **- Highly Significant (P<0.01); Values bearing different superscripts a, b, c, d in a column differ significantly at the 
indicated level.

Table 2 b. Fiber components (% DMB) of different varieties of bread type  wheat straw

Variety Neutral Detergent  Fiber Acid Detergent Fiber Cellulose Hemi cellulose Acid Detergent Lignin
ab ab ab b Wb02 67.60  ± 1.43 41.97 ± 0.05 35.49 ± 0.10 25.63 ± 1.37 6.47 ± 0.15
b a a b HI 1544 66.72 ± 0.19 40.16 ± 1.03 33.39 ± 1.40 26.55 ± 0.83 6.77 ± 0.37
b ab b a HI 1633 66.34 ± 0.43 43.53 ± 0.49 35.29 ± 0.53 22.80 ± 0.06 8.23 ± 0.03
a a a b HI 1634 72.82 ± 0.58 44.81 ± 1.31 39.00 ± 1.13 28.01 ± 0.73 5.81 ± 0.17
ab ab a a HI 1605 69.97 ± 2.15 43.47 ± 1.89 35.29 ± 1.35 26.50 ± 0.25 8.17 ± 0.54
ab b a a HI 1531 69.22 ± 0.50 40.23 ± 0.26 31.26 ± 0.31 28.99 ± 0.24 8.96 ± 0.04

Significance ** NS ** ** **

P Value P<0.01 P=0.05 P<0.01 P<0.01 P<0.01

NS-Not-Significant (P>0.05); **- Highly Significant (P<0.01); Values bearing different superscripts a, b in a column differ significantly at the 
indicated level.

Bread

WB-02, a bio-fortified bread wheat variety released for the 

Northwestern Plain Zones of the country, has comparable CP, 

lower EE, and Zn to its counterpart HI-1544 (Table 2a). However, HI-

1633, a bio-fortified variety released for the late-sown conditions of 

the Peninsular zone of India has more Zn than its counterpart HI-

1634. HI-1605, released for limited irrigation systems of Central 

India, has more iron and zinc with less CP than its counterpart, HI-

1531.

WB-02 and HI-1544 bread wheat varieties have similar fiber 

fractions. HI-1634, identified for late-sown and irrigated conditions 

of Central India has high NDF, cellulose, hemicellulose, and low 

lignin. HI-1605 and HI-1531, identified for limited water systems 

have similar fiber fractions (Table 2b).

Table 2 a. Proximate Composition (%) of different varieties of bread type wheat straw

VarietyDry  MatterCrude  ProteinEther  ExtractTotal  AshAcid  Insoluble Ash Zinc (mg/kg)
b bc b aWb02 94.09 ± 0.01 4.63  ±0.13 0.93  ±0.14 9.99 ±0.23 5.91 ± 0.15 8.14
b a d cHI 1544 93.11 ± 0.01 4.20  ±0.17 1.61 ±0.05 8.29 ±0.10 2.79 ±0.06 22.1
cd d b aHI 1633 92.74 ± 0.01 3.26 ±0.03 0.50  ±0.03 10.52 ±0.06 6.19 ± 0.06 45.6
bc bcd c bHI 1634 93.38 ± 0.01 3.76  ±0.28 0.65  ±0.05 9.43 ±0.04 3.59 ± 0.01 13.7
d b d cHI 1605 91.94 ± 0.01 2.86  ±0.14 0.96  ±0.05 8.10 ±0.05 3.06 ± 0.01 14.2
a cd a bHI 1531 93.86 ± 0.01 6.73  ±0.23 0.58  ±0.06 11.07 ±0.05 3.53 ± 0.04 12.8

Significance - ** ** ** ** -

P Value - P<0.01 P<0.01 P<0.01 P<0.01 -

Comparisons among durum and wheat 
varieties

All the studied characteristics were compared between durum 

and bread varieties (Table 3). But were slightly higher (P>0.05) in 

durum wheat straw varieties than bread wheat straw. However, 

the cellulose content of straw was significantly (P<0.05) higher in 

durum wheat straw.

Table 3. Comparisons between durum and bread wheat straw

Parameter Durum Bread Significance P value

Dry Matter 93.21±0.38 (91.39-93.91)� 93.18±0.32 (91.94-94.09) NS 0.95

Crude Protein 4.68±0.48 (1.36-6.70)� 4.24±0.56 (2.86-6.73) NS 0.67

Ether Extract 0.91±0.13 (0.52-1.42)� 0.87±0.16 (0.50-1.61) NS 0.86
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Parameter Durum Bread Significance P value

TGP 27.90 ± 0.747 (25.05 - 30.72) 22.22 ± 0.459 (20.16 - 23.38) ** 0.001

IVDMD 43.23 ± 2.500 (34.08 - 49.05) 36.19 ± 4.266 (16.25 - 44.87) NS 0.185

IVOMD 46.71 ± 2.082 (40.31 - 51.53) 39.66 ± 3.007 (25.86 - 46.82) * 0.083

ME 6.27 ± 0.104 (6.09 - 6.75) 5.46 ± 0.771 (5.13 - 5.64) ** 0.001

Total Ash 8.98±0.41 (7.29-9.88)� 9.56±0.48 (8.10-11.07) NS 0.38

Acid Insoluble Ash 3.87±0.12 (3.50-4.19)� 4.18±0.60 (2.79-6.19) NS 0.63

Neutral Detergent Fiber 71.81±1.65 (68.24-77.96) 68.77±0.99 (66.34-72.82) NS 0.15

Acid Detergent Fiber 40.76±1.45 (36.03-45.03)� 42.36±0.77 (40.16-44.81) NS 0.36

Hemi Cellulose 31.05±1.62 (24.48-34.94)� 34.95±1.04 (31.26-39.00) NS 0.07

Cellulose 32.88±1.44 (28.38-37.01)� 26.41±0.87 (22.80-28.99) ** 0.003

Acid Detergent Fiber 7.89±0.07 (7.65-8.09)� 7.40±0.500 (5.81-9.05) NS 0.36

NS-Not-Significant (P>0.05); **- Highly Significant (P<0.01)

In vitro digestibility parameters

HI-8759, a durum wheat straw has more ME and is lower (P<0.05) in 

IVDMD and IVOMD than HI-8713. HI 8777, a bio-fortified variety 

durum wheat is higher in IVDMD and IVOMD than UAS 428 with 

similar ME (Table 4

WB-02 has more IVDMD, IVOMD and ME compared to HI 1544. HI-

1633 and HI-1634 identified for late-sown irrigated conditions of 

Central India have similar IVDMD, IVOMD and ME. IVDMD and 

IVOMD were higher in HI-153 as compared to HI-1605 (Table 5). 

Table 4. In vitro digestibility parameters for durum wheat straw

Variety TGP IVDMD IVOMD ME
d c a HI 8759  30.72 ± 0.96 34.08 ± 0.87 40.99 ± 1.88 6.75 ± 0.13
b b bc HI 8713  27.72 ± 0.40 42.73 ± 1.46 45.96 ± 1.27 6.15 ± 0.07
a a bc HI 8737  27.38 ± 0.71 49.05 ± 0.58 51.53 ± 0.56 6.18 ± 0.09

a a b HI 8663  28.50 ± 0.44 47.51 ± 0.67 50.46 ± 0.46 6.38 ± 0.05
a a c HI 8777  28.05 ± 0.48 48.07 ± 0.57 51.02 ± 0.48 6.09 ± 0.06
c c c UAS 428  25.05 ± 0.80 37.94 ± 1.09 40.31 ± 0.94 6.10 ± 0.07

Significance NS ** ** **

P Value 0.12 P<0.01 P<0.01 P<0.01

NS-Not-Significant (P>0.05); **- Highly Significant (P<0.01); Values bearing different superscripts a, b, c in a column differ significantly at the 

indicated level. TGP- Total Gas Production ml/200mg substrate; IVDMD - In vitro dry matter digestibility; IVOMD - In vitro organic matter digestibility; 

ME - Metabolizable Energy. 

Table 5. In vitro digestibility parameters for bread wheat straw

Variety TGP IVDMD IVOMD ME
ab ab a Wb0 223.38 ± 0.73 43.57 ± 1.49 44.63 ± 0.65 5.64 ± 0.74
d c HI 1544 22.83 ± 0.73 34.77 ± 1.34 38.58 ± 0.62 5.55a ± 0.60
cd bc b HI 1633 20.16 ± 0.68 37.70 ± 1.75 41.21 ± 0.81 5.13 ± 0.93
bc bc abHI 1634 21.94 ± 0.48 39.97 ± 1.40 40.85 ± 0.81 5.40  ± 0.78

e d abHI 1605 22.77 ± 2.80 16.25 ± 1.55 25.86 ± 1.06 5.46  ± 0.97
a a aHI 1531 22.27 ± 0.33 44.87 ± 1.40 46.82 ± 1.40 5.62  ± 0.27

Significance NS ** ** **

P Value 0.943 P<0.01 P<0.01 P<0.01

NS-Not-Significant (P>0.05); **- Highly Significant (P<0.01); Values bearing different superscripts a, b, c in a column differ significantly at the 

indicated level. TGP- Total Gas Production ml/200mg substrate; IVDMD - In vitro dry matter digestibility; IVOMD - In vitro organic matter digestibility; 

ME - Metabolizable Energy.

Table 6.  Comparisons of In vitro digestibility parameters between durum and bread wheat varieties 

Almost all the characteristics of in vitro digestibility (TGP, IVOMD, 

ME) were significantly higher in durum wheat straw varieties 

compared to bread wheat varieties (Table 6).

NS-Not-Significant (P>0.05);*-Significant (P<0.05) **- Highly Significant (P<0.01); TGP- Total Gas Production ml/200mg substrate; IVDMD - In vitro 

dry matter digestibility; IVOMD - In vitro organic matter digestibility; ME - Metabolizable Energy.
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2Parameter R  P value

1000 grain wt. X Straw NDF 0.57* 0.05

1000 grain wt. X Straw Cellulose 0.60* 0.04

1000 grain wt. X Total Gas Production 0.69** 0.01

1000 grain wt. X ME 0.61* 0.03

1000 grain wt. X Acetate 0.58* 0.04

1000 grain wt. X Propionate 0.59* 0.04

1000 grain wt. X Butyrate 0.58 *0.04

1000 grain wt. X Total VFA 0.59* 0.04

varieties (Table 7 and 8). Acetate, propionate (P<0.01), butyrate, 

and TVFA (P<0.05) are higher in durum wheat straw compared to 

bread wheat straw (Table 9).

Rumen fermentation parameters

The volatile fatty acids were similar in all bread and durum varieties. 

TVFA ranged from 30.8 in HI-8737 to 35.6 in HI-8713 (durum wheat 

straw), and from 27.0 in HI-1605 to 35.1 in HI-1531 (bread wheat 

Table 7. Volatile fatty acid proportions (mM/1000 ml incubation medium) in case of durum wheat straw varieties

Variety Acetate Propionate Iso- butyrate Butyrate Iso-valerate Valerate Total

HI-8759 23.9±3.28 7.25±1.06 0.24±0.05 1.98±0.42 0.39 ± 0.10 0.78±0.16 34.5±4.50

HI-8713 24.7±2.87 7.45±0.85 0.26±0.07 1.97±0.43 0.43±0.12 0.85±0.24 35.6±4.55

HI-8737 21.4±2.24 6.70±0.68 0.19±0.05 1.53±0.19 0.30±0.08 0.66±0.14 30.8±3.04

HI-8663 24.5±0.97 7.74±0.22 0.17±0.03 1.71±0.11 0.27±0.06 0.68±0.08 35.0±1.46

HI-8777 24.9±1.13 7.45±0.27 0.16±0.03 1.69±0.13 0.26±0.06 0.68±0.09 35.1±1.71

UAS-428 21.6±0.68 6.37±0.35 0.19±0.04 1.49±0.04 0.34±0.08 0.63±0.05 30.6±0.75

Significance NS NS NS NS NS NS NS

P value 0.73 0.67 0.60 0.68 0.68 0.87 0.75

NS-Not-Significant (P>0.05)

Table 8. Volatile fatty acid proportions (mM/1000 ml incubation medium) in case of durum wheat straw varieties

Variety Acetate Propionate Iso- butyrate Butyrate Iso-valerate Valerate Total

WB-02 19.1±1.36 5.67±0.39 0.21±0.04 1.40±0.19 0.34±0.08 0.68±0.14 27.4±1.6

HI-1544 21.0±1.80 5.69±0.50 0.25±0.02 1.59±0.01 0.46±0.02 0.82±0.10 29.8±2.1

HI-1633 20.0±3.21 5.65±0.76 0.21±0.04 1.51±0.27 0.35±0.08 0.72±0.18 28.5±4.3

HI-1634 19.7±2.56 5.75±0.80 0.19±0.03 1.45±0.15 0.30±0.06 0.65±0.09 28.1±3.3

HI-1605 18.8±0.59 5.14±0.24 0.24±0.05 1.57±0.14 0.41±0.09 0.79±0.15 27.0±0.8

HI-1531 25.0±2.33 6.96±0.69 0.25±0.08 1.66±0.46 0.41±0.15 0.89±0.29 35.1±4

Significance NS NS NS NS NS NS NS

P Value 0.41 0.44 0.93 0.98 0.82 0.91 0.44

NS-Not-Significant (P>0.05);

Table 9.  Comparison in case of VFA concentrations (mM/1000 ml incubation medium) between bread and durum varieties of wheat 
straw

Parameter Durum Bread Significance P value

Acetate 23.49 ± 0.646 (21.40 - 24.90) 20.60 ± 0.934 (18.80 - 25.00) ** 0.002

Propionate 7.16 ± 0.212 (6.37 - 7.74) 5.18 ± 0.247 (5.14 - 6.96) ** 0.002

Isobutyrate 0.20 ± 0.162 (0.16 - 0.26) 0.22 ± 0.010 (0.19 - 0.25) NS 0.252

Butyrate 1.78 ± 0.085 (1.49 - 1.98) 1.53 - 0.039 (1.40 - 1.66) * 0.061

Isovalerate 0.33 ± 0.027 (0.26 - 0.43) 0.37 ± 0.023 (0.30 - 0.46) NS 0.231

Valerate 0.71 ± 0.034 (0.63 - 0.85) 0.75 ± 0.037 (0.65 - 0.89) NS 0.394

Total 33.60 ± 0.928 (30.60 - 35.60) 29.31 ± 1.222 (27.00 - 35.10) * 0.02

NS-Not-Significant (P>0.05); *- Significant (P<0.05) **- Highly Significant (P<0.01); 

Correlations between grain yield and straw 
quality 

1000 grain weight is positively correlated to straw NDF, cellulose, 

total gas production, ME, acetate, propionate, butyrate, and TVFA 

concentrations (Table 10). Total grain yield is positively correlated 

straw yield and total biomass yield. Straw yield and total biomass 

yield further positively correlated with butyrate concentration

Table 10. Correlations between grain yield with straw quality parameters
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Discussion

To the best of our knowledge, we are reporting for the first time 

regarding comparative nutritional values of durum and bread wheat 

varieties. Very little information is available on these aspects. The 

chemical composition of proximate and VanSoest constituents 

reported in this study is somewhat similar to Vaswani et al. (2013), 

with some deviation in the case of CP, ADF, and hemicellulose. 

IVDMD and IVOMD values described in this study were lower than 

values recorded by Ali and Singh, (2003) and Vaswani et al. (2013). 

Vadiveloo et al. (1992) evaluated botanical fractions such as 

inflorescence, stem, leaf blade, and leaf sheath of four varieties of 

rice straw (MRl, MR71, MR84 and MR27) and discovered that IVD, 

crude protein, and acid insoluble ash are important traits to consider 

when comparing different varieties. The acid detergent lignin (ADL) 

content did not differ significantly among different varieties of 

durum and bread wheat varieties. Most papers reporting lignin 

contents in rice straw have used acid-detergent lignin by either the 

sulfuric acid or permanganate versions. There are undoubtedly 

soluble phenolics in rice straw that need investigation. Rao et al. 

(2022) evaluated 13 varieties of rice straw and found that straw CP 

was negatively correlated with CF of straw and positively correlated 

with iron and zinc content of brown rice and zinc content of 

polished rice. CF of rice straw was negatively correlated with 

important plant breeding parameters such as single plant dry 

weight, flag leaf length, iron content of brown rice, zinc content of 

both brown and polished rice. Improved bio-fortified breeding lines 

had more zinc than bio-fortified varieties indicating further scope of 

improvement of zinc content in straw. In vitro organic matter 

digestibility (IVOMD) ranged from 37.9 in DRR Dhan 45 to 49.6 in 

DRR Dhan49 with an average of 43.0 in different bio-fortified 

varieties.

Dai et al. (2016) suggested overall Harvest Index (HI) of 0.45 

suggests that over half the above ground biomass is potentially 

available as feedstock annually. However, differences in straw yield 

and HI were detected among wheat classes and regions and HI is 

inversely proportional to straw yield. Durum wheat produced on an 

average 7.3 tons straw per hectare which is lower than soft red 

winter wheat and soft red spring wheat varieties. These variations 

are attributable to differences in agronomic conditions, rainfall 

distribution across these locations, and the genetic differences 

between entries in the individual trials.

The varieties evaluated in the present study are developed for their 

suitability for different climatic situations of Central Indian climate 

like late sowing and limited irrigation conditions. The variations 

observed in different nutritional parameters are due to the factors 

like altitude and intensity of irrigation (Bainton et al. 1991; Williams et 

al. 1996). It is likely that environmental effects dwarf the genetic 

effects (Schiere et al., 2004). Sohane and Singh (2000) have 

crossed low and high digestibility lines and indicate that selection 

for quality is possible. Keno et al. (2021) observed differences on 

feed intake, digestibility, body weight gain and feed-to-gain ratio 

among lambs fed straws from different barley varieties, pointing to 

the importance of genetic variation in the feeding value of barley 

straw. Wang et al. (2020) found that water-soluble carbohydrates, 

crude proteins, phosphorus, and nitrogen are closely associated 

attributes responsible for nutritional properties. Effort in plant 

breeding has been to develop short varieties with higher grain yield. 

This development has reduced straw quantity but not nutritive 

value (VanSoest, 2006).� Tropical breeds of cattle show faster 

rate of passage compared to temperate breed (Mann et al. 1987) 

suggesting inherent capacity of indigenous cattle to digest poor 

quality roughages. Under these circumstances, crop residues will 

come to the rescue of farmers to exploit inherent digestive 

capability of Indigenous cattle.

The measure of VFA reflects fermentation potential of straw. 

Acetate is the end product of cellulose fermentation and propionate 

is the end product of soluble carbohydrate. Total VFA gives a 

measure of fermentation of complex carbohydrates present in the 

straw. � In the present study, significant positive correlations were 

obtained between grain yield and straw quality and fermentation 

parameters. Similar to the findings, Joshi et al. (2019) found 

significant positive correlations with weak association between 

straw NDF and ADF in a wheat population of 287 diverse spring 

wheat lines. Earlier we (Rao et al. 2022) have evaluated different 

rice straw varieities and found similarities in fermentation pattern as 

indicated different volatile fatty acids with positive correlations 

(P>0.05) between plant quality parameters like single plant dry 

weight (r=0.42) and Iron content in Brown Rice (r=0.42).

CONCLUSION

Durum wheat straw varieties have significantly higher Cellulose, 

TGP, IVDMD, IVOMD and ME compared to bread wheat varieties. 

1000 grain weight (g) is positively correlated to straw NDF, 

Cellulose, total gas production, ME, Acetate, Propionate, butyrate 

and TVFA. 
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The present study was undertaken to evaluate the effect of monensin sodium 

supplementation on nutrient utilization, metabolic response, blood biochemical profile, and 

production performance in lactating Sahiwal cattle. Eighteen Sahiwal cows of similar body 

weight and milk yield were randomly allocated into three dietary groups: Control (basal diet 

without monensin sodium: Ms0), Treatment-1 (basal diet with monensin sodium @ 150 

mg/animal/day: MS ), and Treatment-2 (basal diet with monensin sodium @ 300 150

mg/animal/day: MS ). All animals were offered a uniform basal ration containing 60% 300

concentrate and 40% wheat straw formulated to meet nutrient requirements. Daily dry matter 

intake and fortnightly body weight were recorded to assess changes in performance. Dry 

matter intake (kg/day and % BW) and metabolic body weight remained statistically similar 

among groups. Digestibility coefficients of Dry Matter (DM), Crude Fiber (CF), Ether Extract 

(EE), Neutral Detergent Fiber (NDF) and Acid Detergent Fiber (ADF) were comparable across 

treatments with no significant difference in treatment groups; however, organic matter and 

crude protein digestibility were significantly enhanced in both monensin sodium 

supplemented groups. Haematological parameters remained within normal physiological 

ranges and were not impacted by supplementation of different levels of monensin sodium. 

Among blood metabolites, glucose and total protein showed a marked significant 

improvement while β-hydroxybutyrate (BHBA) levels showed a significant decrease. Plasma 

minerals (Ca, P, Cu, Zn, Mn) remained unaffected with supplementation of monensin sodium. 

Milk yield improved significantly in cows receiving 300 mg/day monensin sodium (MS ), 300

while composition parameters like milk fat, protein, lactose, and SNF remained unchanged 

with monensin sodium supplementation. It may be concluded that monensin sodium, at an 

optimal dose of 300 mg/animal/day (MS ), improves nutrient digestibility, enhances 300

metabolic efficiency and increases milk yield without adverse effects on animal health.

Keywords: Monensin, Ionophore, Sahiwal, Lactating, Milk production

Introduction

India possesses one of the largest livestock populations globally, 

and the livestock sector plays a vital role in improving rural 

livelihoods (DAHD, 2023). Although India is the world's leading milk 

producer, average milk yield per animal remains substantially lower 

than that of developed countries, mainly due to inefficient nutrient 

utilization (Ahvanooei et al., 2023).  Inefficient rumen fermentation 

results in greater losses of feed energy as methane and nitrogen as 

ammonia, negatively affecting production efficiency and 

contributing to greenhouse gas emissions (Mammi et al., 2021). 

Consequently, nutritional strategies aimed at manipulating rumen 

microbial ecology have gained renewed attention in recent years as 

a sustainable approach to enhance productivity and reduce enteric 

methane emissions (Ahvanooei et al., 2023). Among feed 

additives, ionophore antibiotics remain one of the most effective 

tools for improving rumen efficiency. Ionophores such as 

monensin, lasalocid, laidlomycin, salinomycin, and narasin are 

commonly offered to ruminant animals to increase feed efficiency. 

Monensin is one of the most regularly utilised ionophores (Tyler et 

al., 1992). Monensin sodium, a polyether ionophore produced by 

Streptomyces cinnamonensis, selectively inhibits Gram-positive 

rumen bacteria, resulting in increased propionate production and 

reduced acetate, butyrate, methane, and ammonia synthesis 

(Trautmann et al., 2023). Monensin supplementation can reduce 

ruminal acetate to propionate ratio, enteric methane, and ammonia 

generation, while also improving feed efficiency and daily weight 

gain (Hemphill et al., 2018). Monensin reduces ammonia and lactate 

synthesis while increasing propionate production efficiency of 

energy metabolism, hence enhancing nitrogen metabolism by 

specifically inhibiting Gram-positive bacteria (Chalupa, 1980; 

McGuffey et al., 2001). Recent studies have demonstrated that 

monensin supplementation can improve milk yield, feed efficiency, 

and metabolic health in lactating cattle, with modest or no adverse 

effects on dry matter intake (DMI) when appropriately dosed 

(Gonzalez-Chappe et al., 2025).

Materials and Methods

The present study was conducted to evaluate the effect of 

monensin sodium supplementation on production performance, 

nutrient utilization, and blood biochemical parameters in lactating 

indigenous cattle.

Ethical Approval

The experiment was carried out at the Livestock Farm Complex 

(LFC), DUVASU, Mathura. Animal care and experimental 

procedures were approved by the Institutional Animal Ethics 

Committee (IAEC), DUVASU, Mathura (Approval No. IAEC/25/59), 

constituted as per the guidelines of the Committee for the Purpose 

of Control and Supervision of Experiments on Animals (CPCSEA), 

Government of India.
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Animals Detail

Eighteen lactating Sahiwal cows were selected from the institute 

herd and housed individually in a well-ventilated shed with separate 

arrangements for feeding and watering, ensuring no access to 

other animals' diets. The sheds were cleaned daily to maintain 

hygienic conditions. All animals were dewormed prior to the 

commencement of the experiment using fenbendazole and 

ivermectin, and were allowed weekly exercise. The experimental 

animals were randomly allotted into three groups of six animals 

each. 

Feeding and Management

The control group (MS ) was fed a basal diet without monensin 0

sodium supplementation, whereas the treatment groups (MS  & 150

MS ) received monensin sodium at 150 mg/animal/day/and 300 300

mg/animal/day, respectively. All animals were fed a basal ration 

consisting of wheat straw and a compounded concentrate mixture 

formulated to meet nutrient requirements as per NRC (2001). The 

concentrate mixture was prepared using maize grain, barley grain, 

wheat bran, gram chunni, mustard oil cake, cottonseed cake, and 

mineral mixture in fixed proportions. Monensin sodium was 

premixed thoroughly with the concentrate mixture and offered 

individually to animals according to their respective treatment 

groups. Ingredients and chemical composition (% DM basis) of total 

mixed ration (TMR) fed during experimental period are presented in 

Table 1 & 2. DMI was recorded daily by measuring the quantity of 

feed offered and the residue left. Body weight of experimental 

animals was recorded at the beginning of the experiment and 

subsequently at fortnightly intervals before feeding and watering.

Digestion Trial

Digestion trial of seven days was conducted at the end of the 

feeding experiment to assess nutrient utilization. During the 

digestion trial, weighed quantities of feed were offered, and total 

faeces voided over 24 hours were collected daily. Representative 

samples of feed, refusals and faeces were processed for chemical 

analysis, and apparent digestibility coefficients were calculated 

based on nutrient intake and faecal output.

Chemical Analysis

Feeds, residue and faecal samples were dried, ground, and 

analysed for dry matter, organic matter, crude protein, ether extract, 

crude fibre, and total ash following standard AOAC (2005) 

procedures. Fibre fractions including neutral detergent fibre (NDF), 

acid detergent fibre (ADF), acid detergent lignin (ADL), cellulose 

and hemicellulose were estimated as per the method described by 

Van Soest et al. (1991). Lactating cows were milked twice daily, and 

milk yield was recorded daily using a digital weighing balance. Milk 

samples were collected at fortnightly intervals during morning 

milking and analysed for fat, protein, lactose and solids-not-fat 

using a Lactoscan milk analyser MCC WS made by MILKOTRONIC 

LTD, Bulgaria. 
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Table 1. Ingredients composition (% DM basis) of total mixed ration (TMR) fed during experimental period 

Maize grain 21 21 21

Barley grain 16 16 16

Wheat bran 15 15 15

Gram chunni 16 16 16

Mustard oil cake 10 10 10

Mineral mixture 02 02 02

Cotton Seed cake 20.00 20.00 20.00

Wheat straw 40.00 40.00 40.00

Ingredients (%)
Supplemental Monensin Sodium (mg/animal/day)

Ms0 Ms150 MS300

Table 2. Chemical composition (% DM basis) of nutrients of total mixed ration (TMR) fed during experimental period

DM 91.80 91.80 91.80

OM 91.05 91.05 91.05

EE             3.15 3.15      3.15

CP 13.80 13.80 13.80

ASH 8.97 8.97     8.97

CF 23.31 23.31 23.31

NFE 50.17 50.17 50.17

NDF 61.99 61.99 61.99

ADF 29.88 29.88 29.88

ADL 1.70 1.70 1.70

Cellulose 28.19 28.19 28.19

Ca (%) 1.16 1.16 1.16

P (%) 0.56 0.56 0.56

Ingredients (%)
Supplemental Monensin Sodium (mg/animal/day)

Ms0 Ms150 MS300

Nutrients Chemical composition (%)

DM=Dry Matter; OM=Organic Matter; EE=Ether Extract; CP=Crude Protein; CF=Crude Fiber; NFE=Nitrogen Free Extract; NDF=Neutral Detergent 
Fiber; ADF=Acide Detergent Fiber; ADL=Acid Detergent Lignin;
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Blood samples were collected at 0, 30, and 60 days before feeding 
and watering. Whole blood was used for haematological analysis, 
while plasma was separated and stored at −20 °C for biochemical 
estimations. Haematological attributes (Hb, PCV, RBCs, WBCs, 
MCV, MCHC and Platelets) in blood were analyzed by Celltac-á 
(MEK-6500K) auto haemoanalyser made by Nihon Kohden, Surat, 
India. The plasma concentration of Aspartate Aminotransferase  
(AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase 
(ALP), bilirubin, creatinine, total protein, albumin and Plasma Urea 
Nitrogen (PUN), triacylglycerides, cholesterol and glucose were 
determined by using automated biochemical analyzer using 
commercial kits (Span Diagnostic Ltd. Surat, India). Plasma â-
hydroxybutyric acid (BHBA) and insulin were determined in plasma 
by using bovine-specific ELISA kits (Bioassay Technologies, 
China). Plasma mineral concentrations were analysed following 
microwave digestion (Microwave digestion system: Multiwave 
5000, Anton Paar, Virginia, USA) using inductively coupled plasma 
optical emission spectroscopy (ICP).

Statistical Analysis

The data for measured variables were subjected to analysis of 

variance (ANOVA) using the mixed model repeated measure 
procedure of the Statistical Software Package (SPSS for windows, 
V21.0; Inc., Chicago, IL, USA). Individual animal was used as the 
experimental unit for all data. The statistical difference between the 
means was determined by using ''Tukey's honest significant 
difference (HSD) test.'ʼ

Results

Effect on intake and growth performance 

Effect of monensin sodium supplementation on DMI and growth 
performance are depicted in Table 3. Daily DMI (kg/d) in MS , MS  0 150

and MS  groups during the experimental feeding was recorded 300

and statistical analysis of data revealed that variation among the 
groups for DMI was not significantly different (P=0.635) between 
the groups and the mean daily DMI in the MS , MS  and MS  0 150 300

groups was 9.83, 9.39 and 9.45 kg/day. BW gain of Lactating cattle 
in 3 different groups measured at fortnightly intervals and found no 
effects of treatment on the fortnightly BW change. There was also 
no significant (P=0.971) effect of treatment on the fortnightly BW 
gain during the experimental period. 
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Table 3. Effect of monensin sodium supplementation on growth performance, intake and nutrients digestibility

Ms0 Ms150 MS300

BW change (kg) 350.98 353.88 353.36 5.13 0.971
W 0.75BW change (kg ) 80.99 81.46 81.29 0.88 0.977

Daily DMI (kg/day) 9.83 9.39 9.45 0.19 0.635

Nutrient Digestibility (%)

DM         54.14 55.06 56.19 0.60 0.388
a ab bOM 62.55  64.23  65.89  0.54 0.044

a b bCP 64.31  69.19  68.41  0.65 0.004

CF 52.60 50.31 53.63 0.83 0.407

EE 76.20 76.38 77.76 0.33 0.119

NFE 68.10 70.34 69.10 0.46 0.136

NDF 54.44 55.42 57.69 0.61 0.076

ADF 41.66 39.19 44.73 1.04 0.096

Attributes
Supplemental Monensin Sodium (mg/animal/day)

SEM Significance

Effect on nutrient utilization

Effect of monensin sodium supplementation on nutrients 

digestibility are depicted in Table 3.  The digestibility coefficients of 

DM, EE, NFE were unaffected by different levels of monensin 

sodium supplementation. However organic matter and crude 

protein digestibility increased significantly in monensin-fed groups, 

particularly in 300 mg/day group.

E ff e c t  o n  m i l k  p r o d u c t i o n  a n d  m i l k 
composition

The effect of monensin sodium supplementation on milk yield 

(kg/d), milk fat (%), milk protein (%), milk lactose (%) and milk SNF 

(%) of experimental animals is presented in Table 4. During the 

experimental period, milk production showed a significant 

(P<0.05).  improvement in the MS group compared to MS  and 300 0

MS . The mean daily milk yield was 6.15, 6.18, and 6.57 kg/d for 150

MS , MS  and MS  groups, respectively. The mean fat percentage 0 150 300

across the study period was 4.24, 4.17, and 4.09% in MS , MS  and 0 150

MS  groups, respectively. statistical analysis revealed no 300

significant difference (P>0.05) among the groups. Across the 

experimental period, milk protein percentage remained relatively 

stable, with mean values of 3.29, 3.25, and 3.26% in respective 

groups. No significant variation (P>0.05) was detected among 

treatments, suggesting that inclusion of monensin sodium in the 

diet did not alter milk protein content The mean lactose percentage 

was 4.93, 4.92, and 4.92% for MS , MS  and MS  groups, 0 150 300

respectively. Statistical analysis revealed no significant difference 

(P>0.05) among the groups. The mean SNF percentage for the 

overall experimental period was 8.99, 8.94, and 8.93% in the MS , 0

MS  and MS  groups, respectively, showing a similar non-150 300

significant trend among all treatments.

Effect on blood biomarkers

Effect of monensin sodium supplementation on haematology 

profile is showed in Table 5. Hematological parameters RBC, WBC, 

Hb, PCV, MCV, MCHC and platelets showed no significant variation 

among groups in the present study.

Effect of monensin sodium supplementation on plasma mineral 

concentration is showed in Table 5. Based on the overall mean 

values, monensin sodium supplementation did not exert any 

significant influence on the plasma mineral profile of lactating 

Sahiwal cattle throughout the experimental period. Overall, the 

consistency of both macro and micro mineral concentrations within 

normal physiological ranges suggests that supplementation of 

DM=Dry Matter; OM=Organic Matter; CP=Crude Protein; CF=Crude Fiber; EE=Ether Extract; NFE=Nitrogen Free Extract; NDF=Neutral Detergent 
Fiber; ADF=Acide Detergent Fiber. Means within a row with different superscript letters differ significantly (P<0.05).
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Table 5. Effect of monensin sodium supplementation on haematology profile and plasma mineral concentration

Supplemental Monensin Sodium (mg/animal/day)

Haematology Profile
6RBCs (10 /µL) 5.51 5.95 5.37 0.10 0.601 0.854 0.890

3WBCs (10 /µL) 10.31 9.07 9.15 0.29 0.120 0.935 0.942

Hb (g/dL) 8.91 9.08 8.59 0.13 0.076 0.870 0.937

HCT (%) 25.73 26.81 24.04 0.54 0.301 0.888 0.910

MCV (fL) 46.72 45.53 45.54 0.66 0.496 0.996 0.997

MCHC (g/dL) 33.38 33.38 33.17 0.07 0.312 0.827 0.289
3Platelets (10 /µl) 211.61 243.61 249.55 8.97 0.082 0.828 0.386

Plasma mineral concentration

Calcium (mg/dL) 9.73 9.45 9.62 0.17 0.802 0.853 0.561

Phosphorous (mg/dL) 5.59 5.51 5.60 0.03 0.207 0.851 0.538

Copper (mg/L) 1.16 1.12 1.09 0.02 0.805 0.079 0.256

Zinc (mg/L) 1.19 1.15 1.17 0.02 0.961 0.237 0.145

Manganese (µg/L) 2.56 2.17 2.50 0.03 0.943 0.205 0.992

Significance
Attributes SEM

Treatment (T) Period (P) T×PMs0 Ms150 MS300

Table 4: Effect of monensin sodium supplementation on milk yield and milk composition

a a bMilk yield (Kg/d) 6.15  6.18  6.57  0.05 0.041 0.367 0.624

Milk fat (%) 4.24 4.17 4.09 0.05 0.263 0.984 0.961

Milk protein (%) 3.29 3.25 3.26 0.01 0.322 0.977 0.893

Milk lactose (%) 4.93 4.92 4.92 0.02 0.600 0.907 0.899

Milk SNF (%) 8.99 8.94 8.93 0.26 0.383 0.917 0.846

Significance
Attributes

Supplemental Monensin Sodium (mg/animal/day)
SEM

Treatment (T) Period (P) T×PMs0 Ms150 MS300

SNF=Solid Not Fat. Means within a row with different superscript letters differ significantly (P<0.05).

monensin sodium at either 150 or 300 mg/animal/day did not 

disturb mineral metabolism, absorption, or homeostasis in lactating 

cattle under the conditions of the present study. Similarly, plasma 

Zn, Cu, and Mn concentrations showed no significant differences 

among groups in the present study, indicating that monensin did not 

alter trace-mineral status under the applied dietary conditions.

Effect of monensin sodium supplementation on blood biochemicals 

are presented in table 6. The feeding of a diet supplemented with 

monensin sodium observed significant treatment effect for plasma 

glucose concentration (P<0.05). The overall mean values across 

the 60-day study averaged 63.19, 68.03 and 72.07 mg/dL in MS , 0

MS  and MS  groups, respectively. The feeding of a diet 150 300

supplemented with monensin sodium observed significant 

treatment effect for plasma total protein concentration (P<0.05). 

The overall mean values across the 60-day study averaged 6.55, 

6.69 and 6.81 g/dL in MS , MS  and MS  groups, respectively. In 0 150 300

present study, plasma cholesterol, triglycerides, albumin and 

globulin concentration remained statistically similar among 

treatments. In the present study, â-hydroxybutyrate (BHB) 

concentration was significantly lower in monensin-supplemented 

groups, especially at 300 mg/day, indicating improved energy 

balance and reduced ketone body accumulation. The overall mean 

BHBA (â-hydroxybutyric acid) concentration was 0.77 and 0.82 in 

MS and MS  groups, respectively, while a lower value of 0.52 was 0 150

recorded in MS  group indicating a noticeable reduction in BHBA 300

levels in the monensin sodium supplemented groups. Liver 

enzymes (ALT, AST, ALP and Bilirubin) and renal indicators 

(creatinine, PUN) remained within normal physiological range in all 

treatment groups, exhibiting no negative response to monensin 

supplementation. 

Discussion

Effect on Intake and Growth Performance 

Statistical analysis of data revealed that variation among the groups 

for daily DMI was not significantly different (P=0.635) among the 

different groups (MS , MS  and MS ). A comparable non-0 150 300

significant (P=0.247) intake trend was reported by Duffield et al. 

(2000) in Holstein cows supplemented with monensin at 200 

mg/day, wherein intake remained stable despite improved 

production efficiency. Similar observations were presented by 

Ahvanooei et al. (2023) in a study involving 48 early-lactation cows 

offered monensin through TMR, where DMI remained statistically 

unaffected. Similar to the current study Mullins et al. (2012) 

observed that DMI in pre and postpartum period was not affected. A 

variety of factors, including the number of animals in the trial, the 

lactation stage, and the duration of data collection, could account 

for the varying response to monensin supplementation in the DMI. 

Monensin improves rumen fermentation efficiency without causing 

measurable changes in intake, supporting the findings of the 

current study. The increased propionate production driven by 

monensin influences satiety and also DMI. Contrary to this, Navarro 

et al. (2019) conducted a 72-day study on 24 lactating Jersey cows 

supplemented with gradual monensin levels and recorded a 

significant decline in feed intake during peak lactation. BW gain of 

lactating cattle in 3 different groups measured at fortnightly 

intervals and found no effects of treatment on the fortnightly BW 

Kushwaha et al  

HCT=Haematocrt Value; MCV=Mean Corpuscular Volume; MCHC=Mean Corpuscular Haemoglobin Concentration. Means within a row with 
different superscript letters differ significantly (P< 0.05). 
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change. There was also no significant (P=0.971) effect of treatment 

on the fortnightly BW gain during the experimental period. There 

was no significant difference in BW observed on supplementation 

of different levels of monensin sodium in diet of cattle. Comparable 

outcomes were obtained by Ipharraguerre and Clark (2003) who 

supplemented (335 mg/cow/day) monensin in 60 lactating Holstein 

cows for 120 days with no significant change in BW. Similarly, 

Penner et al. (2014) evaluated monensin inclusion in 36 multiparous 

cows and reported no appreciable variation in body mass despite 

higher energy extraction. In contrast, Makwana et al. (2022) 

observed slight BW gain when 24 Gir cows were supplemented 

with monensin for 75 days. This improvement is attributed to the 

reduction in methane energy losses and the increased capture of 

dietary energy as metabolizable energy. Based on the potential of 

ionophores to increase the supply of glucogenic precursors such 

as propionate, the administration of monensin to dairy cows may 

increase the hepatic synthesis of glucose and, therefore, improve 

the energy balance.

Effect on nutrient utilization

Effect of monensin sodium supplementation on nutrients 

digestibility are depicted in Table 3.  The digestibility coefficients of 

DM, EE, NFE were unaffected by different levels of monensin 

sodium supplementation. However organic matter and crude 

protein digestibility increased significantly in monensin-fed groups, 

particularly in 300 mg/day group. This agrees with McGuffey et al. 

(2001) who reported increased OM and CP utilization in dairy cattle 

receiving monensin-based diets. Additionally, Souri et al. (2022) 

evaluated monensin in 12 multiparous cows over 60 days and 

documented a similar rise in digestibility coefficients, supporting 

the findings in this study. The improvement of digestibility of 

organic matter in T2 collaborates with finding of Sengupta et al. 

(2017). While the improvement in crude protein digestibility was 

similar to findings of Ipharraguerre and Clark. (2003). This 

improvement can be attributed by effect of monensin sodium 

supplementation on gram positive bacteria which are sensitive to 

monensin and indirectly reduce rumen ammonia concentration. 

However, contrasting responses have been observed in some 

species. Saeed et al. (2020) supplemented monensin to 30 lambs 

over 90 days and reported numerical but non-significant 

improvements in OM and CP digestion. In another comparable trial, 

Tian et al. (2021) supplemented monensin to 36 buffaloes and 

reported significant improvements in CP degradation but no 

change in OM utilization. 

Fiber fractions (NDF, ADF and CF) did not significantly differ among 

groups, matching results of Kononoff et al. (2006) in Holstein cows. 

Xia et al. (2020) in a 60-day study on lactating buffaloes also 

reported no improvement in cell-wall digestion with monensin. 

Together, these findings demonstrate consistency in fiber retention 

patterns and show that monensin primarily enhances fermentable 

nutrient digestion rather than structural carbohydrates. However, 

Ahvanooei et al. (2023) observed adding monensin enhanced fibre 

digestion without having any adverse effect on ADF.

E ff e c t  o n  m i l k  p r o d u c t i o n  a n d  m i l k 
composition

During the experimental period, milk production showed a 

significant (P<0.05).  improvement in the MS group compared to 300 

MS  and MS  (Table 4). Similar results were found by Ueda et al. 0 150

(2003), reported increased yield in monensin-fed Holstein cows, 

aligning precisely with our results. Schultz et al. (2006) also 

recorded dose-responsive improvement in milk, closely reflecting 

the T2 response. Yadav et al. (2023) noted that monensin 

supplementation in early-lactating buffaloes (400 mg/day) reduced 

DMI but improved milk production and altered milk fat composition, 

milk yield increased by approximately 0.59 kg/day compared to 

control group. Phipps et al. (2000) examined the effects of 

monensin on milk output and feed intake in two studies with 

Holstein-Friesian cows given completely varied menus. In 

experiment 1. When compared to the control cows, the milk yield 

response of 2.8 and 2.5 kg/d that occurred when cows received 150 

and 300 mg/d of monensin was significant (P<0.05). 1.5 kg/d 

increase in milk yield from the use of the highest dose rate (300 

mg/d), there was no discernible difference between the control and 

the two lower dose rates. While experiment 2 observed monensin 

raised milk yield in T1 and T2 by 0.8 and 1.1 kg/d, respectively as 

compared to control. Similarly, Fernandes et al. (2020) 

supplemented monensin to 30 Murrah buffaloes for 56 days and 

recorded a 9-12% yield increment, which resembles the rise 

recorded in the present study in Sahiwal cows. Meanwhile, Konwar 

et al. (2019) observed no significant increase when monensin was 

fed to Gir × HF crossbreds, indicating that genetic background may 

govern response magnitude.

Across the experimental period, milk fat, protein, lactose and SNF 

percentage remained relatively stable, among the groups. No 

significant variation (P>0.05) was detected among treatments, 

suggesting that inclusion of monensin sodium in the diet did not 

alter the concentration of these components of milk. Statistical 

analysis revealed no significant difference (P>0.05) among the 

groups. It was similar to findings of Gupta et al. (2018) who 

evaluated effect of dietary monensin supplementation of 12 

lactating buffaloes which was allocated to two groups one without 

monensin supplementation and other with monensin 24 mg/kg of 

DMI for 60 days, in this study it was evaluated that the average milk 

fat, milk protein, milk lactose and milk solid not fat were similar in 

both groups. Similarly, Ipharraguerre and Clark (2003) documented 

identical results in monensin-supplemented Holstein cows. 

Grainger et al. (2010) reported similar SNF and protein stability in 

monensin-based feeding trials. In a contrasting observation, Sadri 

et al. (2023) reported a decrease in milk fat in high-dose monensin 

cows, although total milk output improved.

Effect on blood biomarkers

Effect of monensin sodium supplementation on haematology 

profile is showed in Table 5. Hematological parameters RBC, WBC, 

Hb, PCV, MCV, MCHC and platelets showed no significant variation 

among groups in the present study. Similar outcomes were 

reported by Muthy et al. (2018) when monensin was supplemented 

in growing cattle. Likewise, Hidalgo et al. (2020) conducted a 10-

week trial on 27 multiparous cows and reported no hematological 

changes under monensin inclusion. Conversely, Anwar et al. 

(2022) supplemented monensin sodium to 18 crossbred calves and 

observed elevated lymphocyte counts, suggesting additive-

specific immune modulation. No such deviation occurred in the 

present study, indicating monensin's hematological stability.

 Effect of monensin sodium supplementation on plasma mineral 

concentration is showed in Table 5. Based on the overall mean 

values, monensin sodium supplementation did not exert any 

significant influence on the plasma mineral profile of lactating 

Sahiwal cattle throughout the experimental period. Overall, the 

consistency of both macro and micro mineral concentrations within 

normal physiological ranges suggests that supplementation of 

monensin sodium at either 150 or 300 mg/animal/day did not 

disturb mineral metabolism, absorption, or homeostasis in lactating 

cattle under the conditions of the present study. Calcium and 

phosphorus concentrations remained statistically unchanged. 

Nagaraja et al. (1997) reported similar Ca-P stability in ionophore-

fed cattle, reinforcing our findings. Smith et al. (2021) in dairy 
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heifers also observed no significant fluctuations in mineral 

homeostasis under monensin, confirming that monensin does not 

alter mineral absorption pathways. Similarly, plasma Zn, Cu, and Mn 

concentrations showed no significant differences among groups in 

the present study, indicating that monensin did not alter trace-

mineral status under the applied dietary conditions. Similar 

outcomes were noted by Beckett et al. (1998), who reported that 

monensin inclusion did not produce measurable changes in plasma 

Cu or Zn in dairy cows.

Effect of monensin sodium supplementation on blood biochemicals 

are presented in table 6. The feeding of a diet supplemented with 

monensin sodium observed significant treatment effect for plasma 

glucose concentration (P<0.05). These findings align with Bauer et 

al. (1995) who reported enhanced metabolic glucose in cows 

receiving ionophore supplementation. Mammi et al. (2021) found 

that monensin supplementation with 300–400 mg/day of monensin 

boosts glucose availability by boosting propionate synthesis in the 

rumen, a key gluconeogenic precursor, monensin supplementation 

in the trial elevated blood glucose levels by 10-15% during early 

lactation phase. The increased plasma glucose can be due to 

increased production of propionate as higher propionate 

production results more conversion of propionate to methyl 

malonyl coA and further to succinyl Co-A which is intermediate 

metabolite of TCA cycle (Lean et al., 1992).

The feeding of a diet supplemented with monensin sodium 

observed significant treatment effect for plasma total protein 

concentration (P<0.05). A similar result was found in which total 

protein levels rose by around 1 g/dL, from 6.5 to 7.5 after monensin 

sodium feeding, indicating better amino acid absorption and liver 

efficiency (McGuffey et al., 2001).  In present study, plasma 

cholesterol, triglycerides, albumin and globulin concentration 

remained statistically similar among treatments. Similar unaltered 

biochemical profile was stated by Oltenacu et al. (2023) in 

monensin-fed animals during lactation. Plasma cholesterol, 

triglycerides, total protein, albumin and globulin concentration 

remained statistically similar among treatments which follows the 

trend reported by Duffield et al. (2008) where serum protein and 

lipid status were unaffected by ionophore feeding in cows. Zahra et 

al. (2006) in a study found that monensin supplementation at 350 

mg/day decreased free fatty acids concentrations by 20-25%, from 

0.6 mEq/L to ~0.45 mEq/L. This indicates reduced lipolysis and 

improved energy balance. Mullins et al. (2012) also found a 20% 

reduction in liver triglycerides in cows given with 350 mg/day 

monensin.
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Supplemental Monensin Sodium (mg/animal/day) Significance
Attributes SEM

Treatment (T) Period (P) T×PMs0 Ms150 MS300

Glucose (mg/dL) 63.19ᵃ 68.03ᵃ 72.07ᵇ 1.61 0.028 0.501 0.346

Triacylglycerides (mg/dL) 25.97 26.55 23.78 0.74 0.744 0.942 0.921

Cholesterol (mg/dL) 146.00 144.27 146.11 1.16 0.784 0.080 0.997

Total protein (g/dL) 6.55ᵃ 6.69ᵃ 6.81ᵇ 0.06 0.047 0.022 0.009

Albumin (g/dL) 2.99 3.10 3.05 0.03 0.166 0.198 0.360

Globulin (g/dL) 3.36 3.47 3.72 0.07 0.131 0.590 0.302

BHBA (mmol/L) 0.77ᵃ 0.82ᵃ 0.52ᵇ 0.04 0.032 0.489 0.742

Insulin (mIU/L) 13.34 14.03 14.88 0.68 0.346 0.572 0.779

ALT (IU/L) 27.79 27.52 26.25 0.54 0.174 0.527 0.904

AST (IU/L) 91.70 84.83 87.45 1.50 0.437 0.752 0.932

ALP (IU/L) 90.92 79.32 83.46 2.38 0.435 0.832 0.986

Bilirubin (mg/dL) 0.40 0.44 0.41 0.00 0.756 0.184 0.173

PUN (mg/dL) 26.68 25.36 28.10 0.49 0.751 0.181 0.290

Creatinine (mg/dL) 1.12 1.14 1.07 0.01 0.534 0.134 0.186

Table 6. Effect of monensin sodium supplementation on blood biomarkers

In the present study, b-Hydroxy Butyric Acid (BHB) concentration 

was significantly lower in monensin-supplemented groups, 

especially at 300 mg/day, indicating improved energy balance and 

reduced ketone body accumulation. This finding is consistent with 

Duffield et al. (2008) who reported that monensin supplementation 

in transition cows reduced BHB levels and minimized the risk of 

subclinical ketosis. Similarly, McCarthy et al. (2013) observed a 

significant decline in circulating BHB and Non-esterified Fatty Acid 

(NEFA) values when monensin was fed to multiparous Holstein 

cows, reflecting greater glucose availability and reduced adipose 

mobilization. A comparable metabolic advantage was documented 

by Zeineldin et al. (2022) in early-lactation cows, where monensin 

administration improved ketone clearance and stabilized 

postpartum metabolic adaptation. The results of the present study 

therefore align with literature indicating that monensin promotes 

more efficient carbohydrate energy utilization, thereby decreasing 

reliance on fat-derived ketones. The reduction in BHB can be 

interpreted as a positive metabolic outcome as lower ketone levels 

reduce oxidative strain, support immune resilience and improve 

overall production energy efficiency in Sahiwal cows. Bovine 

insulin levels showed no significant variation among groups in the 

present study, indicating that monensin supplementation did not 

influence endocrine responses related to glucose metabolism. 

Comparable findings were reported by McGuffey et al. (2001), who 

observed stable insulin patterns in monensin-fed cattle. Similarly, 

Melendez et al. (2006) noted no alteration in insulin secretion in 

transition cows receiving monensin. Conversely, Grainger et al. 

(2010) documented reduced insulin concentrations under 

monensin supplementation.

Liver enzymes (ALT, AST, ALP and Bilirubin) and renal indicators 

(creatinine, PUN) remained within normal physiological range in all 

treatment groups, exhibiting no negative response to monensin 

supplementation. Similar observations were reported by Sanz-

Fernandez et al. (2014) who supplemented monensin to 

multiparous dairy cows and noted no significant change in AST, 

ALT or creatinine despite improved metabolic efficiency. In 

BHBA=b-Hydroxy Butyric Acid; ALT=Alanine Aminotransferase; AST=Aspartat Aminotransferase; ALP=Alkaline Phosphatase; PUN=Plasma Urea 
Nitrogen. Means within a row with different superscript letters differ significantly (P<0.05).
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agreement, Duffield et al. (2008) recorded normal liver and renal 

marker values in monensin-fed lactating cows, further confirming 

safety of the additive. In another controlled evaluation on early-

lactation cows, O'Connor et al. (2018) also reported non-significant 

changes in ALT, AST and PUN upon monensin inclusion findings 

nearly identical to our results. The consistency across multiple 

independent studies strengthens the interpretation that monensin 

does not impose hepatic or renal stress when fed within 

recommended dosage, thus validating its metabolic safety in 

lactating Sahiwal cows.

Conclusion

The present  s tudy concludes that  monensin sodium 

supplementation in lactating Sahiwal cattle did not affect dry matter 

intake, body weight gain, milk composition, most of blood 

biomarkers, mineral status, or overall health. However, improved 

organic matter and crude protein digestibility, increased milk yield, 

higher plasma glucose, total protein and reduced BHBA 

concentration particularly at the higher supplementation level 

indicate enhanced rumen fermentation and energy metabolism. 

Thus, monensin sodium supplementation appears to be a safe and 

effective nutritional strategy for improving milk production in 

lactating Sahiwal cattle without compromising animal health or milk 

quality.
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This study investigated the potential of tree leaves as alternative feed resource by evaluating 

their nutritional composition, nitrogen fractions, phytochemical constituents, antioxidant 

activity and in-vitro fermentation characteristics of pelleted concentrate feeds containing 

Moringa and Hedge lucerne leaves. Three iso-nitrogenous pelleted diets were formulated: a 

control diet based on conventional roughages (T ), diets containing 10% Moringa leaf 1

incorporated pelleted meal (T ) and 10% Hedge lucerne leaf incorporated pelleted meal (T ). 2 3

Samples were analyzed for proximate composition, fibre fractions, Neutral Detergent 

Insoluble Nitrogen (NDIN), Acid Detergent Insoluble Nitrogen (ADIN), polyphenolic fractions, 

saponins, and antioxidant activity. In-vitro gas production, methane emission, Metabolizable 

Energy (ME), Net Energy (NE) and short-chain fatty acid production were analyzed. Both 

Moringa and Hedge Lucerne leaf incorporated concentrated pelleted sources exhibited high 

crude protein content (25.06-26.30%) with favourable nitrogen fractions. Incorporation of 

tree leaves significantly enhanced total polyphenols, non-tannin polyphenols, flavonoids and 

saponins in pelleted feeds. The condensed tannins and other anti-nutritional factors were 

within safe limits. Moringa leaves showed higher total antioxidant capacity, hydroxyl and 

superoxide radical scavenging, and metal chelating activities, whereas Hedge lucerne leaves 

exhibited slightly higher 2,2-diphenyn-1-picrylhydrazyl (DPPH) radical scavenging activity. 

In-vitro total gas production, methane emission, ME, NE and Short Chain Fatty Acid (SCFA) 

concentrations were non-significant in all the treatments, although improvements in energy 

values and reduced methane in T  were observed. Overall, incorporation of Moringa and 2

Hedge lucerne leaves at 10% in pelleted concentrate feeds improved protein quality, phyto-

chemical enrichment and antioxidant potential which were sustainable and cost-effective 

alternative in livestock feeding. 

Keywords: Phytochemicals; Antioxidant activity; Pelleted concentrate feed; Tree leaves

Introduction

The increasing cost and limited availability of conventional 
concentrate feed ingredients such as oilseed cakes and cereal 
grains pose major challenges to sustainable livestock production, 
particularly in developing countries where feed accounts for a 
major portion of total production cost (FAO, 2020; Smith and Jones, 
2021). This has stimulated interest in exploring alternative, locally 
available and nutrient-rich feed resources (Makkar, 2022). Tree 
leaves and leguminous forages are promising options due to their 
high crude protein content, favourable nitrogen fractions and 
presence of bioactive compounds (Patra and Saxena, 2021). 
Moringa oleifera and Desmanthus virgatus leaves are known for 
their superior protein quality with moderate NDIN and low ADIN, 
which enhance ruminal degradability and protein utilization 
(Leitanthem et al., 2023). Additionally, these leaves contain 
phytochemicals such as polyphenols, tannins, flavonoids and 
saponins that improve rumen fermentation, reduce methane 
emission and enhance animal health (Jayanegara et al., 2022; 
Patra and Yu, 2021). Their antioxidant properties further contribute 
to reducing oxidative stress and improving metabolic efficiency 
(Abu El-Hamd et al., 2025). Pelleting improves feed handling, intake 
consistency and stability of bioactive compounds (Thomas et al., 
2020). So, it will help the commercial feed industry to adopt these 
feeds and produce affordable, balanced, and health-supporting 
diets for livestock. Therefore, the present research was designed to 
evaluate and compare the nutritional composition, nitrogen 
fractions, phytochemical content and antioxidant activities of 
pelleted concentrate feeds containing Moringa and Hedge lucerne 
leaves on in-vitro total gas production and energy values. This work 

aims to provide scientific evidence supporting the use of leaves as 
sustainable, cost-effective alternatives in livestock feeding 
strategies.

Materials and Methods

The study was conducted at ICAR-National Research Centre on 
Camel (NRCC), located in the Jorbeer area of Bikaner city, 
Rajasthan, India. The Centre is situated at 28°01′ N latitude and 
73°11′ E longitude, with a time zone of GMT +05:30 h. Ambient 
temperatures generally range from 30 to 48 °C during summer and 
from 4 to 28 °C during winter. 

The protocol of experiment was sanctioned by Institutional Animal 
Ethical Committee (IAEC) at ICAR-NRCC/IAEC/2024/19/01. Animals 
were cared and managed as per protocol and directives of IAEC.

Three iso-nitrogenous pelleted concentrate feeds were formulated 
on a dry matter basis using conventional roughages (T ), 10% 1

Moringa oleifera leaf meal (T ), and 10% Hedge lucerne 2

(Desmanthus virgatus) leaf meal (T ). The roughage component 3

consisted of groundnut straw (Arachis hypogaea) and guar straw 
(Cyamopsis tetragonoloba) mixed in a 50:50 ratio. The concentrate 
mixture comprised groundnut cake, til cake, mustard cake, 
cottonseed cake, maize, moong churi, and bajra grains. Molasses 
was used as a binding agent during pelleting. The nutrient 
requirements of the experimental animals were formulated to meet 
ICAR (2013) standards. Fifteen healthy un-weaned female camel 
calves of similar age (3-4 months), body weight, and uniform 
conformation were randomly selected from the camel herd of 
ICAR-NRCC, Bikaner. The calves were randomly allotted to three 
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treatment groups (n = 5 per group) for a feeding trial of 180 days. 
The experimental camel calves were allocated to three treatment 
groups (T , T , and T ) following a randomized block design, with 1 2 3

five calves in each group. Calves in the control group (T ) were fed a 1

pelleted concentrate without leaf inclusion, whereas calves in 
treatment groups T  and T  received pelleted concentrate mixtures 2 3

containing 10% Moringa leaves and 10% Hedge lucerne leaves, 
respectively. All animals were fed individually throughout the 
experimental period.

Leaves of Moringa and Hedge lucerne were collected from the 
NRCC campus, air-dried, and ground into powder form. The leaf 
meals were incorporated with the concentrate mixture and 
processed into pellets using a pelleting machine. The dried feed 
samples were analyzed for dry matter (DM), organic matter (OM), 
crude protein (CP), ether extract (EE), and crude fiber (CF) following 
AOAC (2016) procedures. Neutral detergent fiber (NDF) and acid 
detergent fiber (ADF) contents were determined according to Van 
Soest et al. (1991).

Total polyphenols and polyphenol fractions were analyzed by the 
methods described by Hagerman et al. (2000). Determination of 
total phenols, total tannins and condensed tannins in the samples 
were carried out by following the procedure described by Makkar 
(2003). Total phenols and total tannins were assessed by a 
modified Folin Ciocalteu method using polyvinyl polypyrrolidone 
for separating non-tannin phenols from tannin phenols. 
Condensed tannins were analysed by the butanol-HCl-iron method 
(Porter et al., 1986). Hydrolysable tannins were estimated as the 
difference between total tannins and condensed tannins. Total 
phenols and total tannins were expressed as tannic acid 
equivalents, while CT as leucocyanidin equivalents. Total saponin 
was estimated as per procedure described by Makkar (2007). Total 
Flavonoids were estimated using AlCl  method. Oxalates and HCN 3

were estimated by titration method (KMnO  and AgNO ).4 3

DPPH radical scavenging activity was determined by using DHPP 
assay according to Chang et al. (2001). Phosphomolybdate assay 
was evaluated by the method of Prieto (1999). Hydroxyl radical 
scavenging activity was determined according to (Halliwell and 
Gutteridge, 1981). Superoxide anion radical scavenging activity was 
evaluated according to Nishikimi et al. (1972). Metal chelating 
activity was performed according to Soler-Rivas et al. (2000).

Accurately weighed ground substrates (200 mg) for gas production 
kinetics were transferred into the syringes, and anaerobic culture 
medium. Syringes were incubated in an incubator maintained at 39 
°C and shaken manually every two hr intervals. The gas production 
was recorded at 0, 2, 4, 6, 8 and 12 hr of incubation taking the 
reading from the graduated syringes. Net gas production was 

calculated by subtracting the volume of gas produced in blank from 
the volume of gas produced from incubated feeds. Incubations 
were terminated for total gas, methane production and fermentation 
variables. Metabolisable energy was determined using gas 
production and chemical analysis Crude Protein (CP) and Ether 
Extract (EE) data. All the determinations were carried out by using 
McDougall buffer and 10 ml SRL as described by Menke et al. (1979) 
in triplicate. Strained rumen liquor was used as inoculum for in vitro 
digestibility and gas production studies. The metabolizable energy 
(ME) was calculated as per Elghandour et al. (2015).

2 ME (MJ/kg DM) = 2.20+0.136 Gp+0.057 CP%, (R =0.94), where, CP 
is crude protein% and Gp is ml of net gas production from 200 mg 
dry sample.

The data generated during the experiment was subjected to 
statistical analysis using SPSS statistical software (2011) Version 
20.0 and the data were statistically analyzed using one-way and 
two-way ANOVA procedures for difference between treatments 
and periods. The difference between means was declared 
significant at P<0.05 and P<0.01. Duncan's multiple range test was 
conducted for comparing among the averages.

Results and Discussion

The proximate composition and fibre fractions of the leaves and 
experimental feeds are presented in Table 1. The dry matter and 
crude protein contents of Moringa leaves were 23.22% and 
25.06%, respectively, whereas the corresponding values for 
Hedge lucerne leaves were 25.03% and 26.30%.

In the present investigation, the total nitrogen content of Moringa 
and Hedge lucerne leaves was found to be 4.01% and 4.208%, 
respectively (Table 2). The total nitrogen content of the pelleted 
concentrate feeds (T , T , and T ) was recorded as 4.34%, 4.51%, 1 2 3

and 4.64%, respectively. The neutral detergent insoluble nitrogen 
content of Moringa and Hedge lucerne leaves was 1.21% and 
0.90%, respectively. In comparison, the NDIN content of the 
pelleted concentrate feeds T , T , and T  was 3.46%, 2.64%, and 1 2 3

0.59%, respectively. The acid detergent insoluble nitrogen content 
recorded in Moringa and Hedge lucerne leaves was 0.38% and 
0.43%, respectively. Similarly, ADIN values of 0.13%, 0.32%, and 
0.39% were observed in the pelleted concentrate feeds T , T , and 1 2

T , respectively. The ratio of acid detergent insoluble nitrogen to 3

total nitrogen was observed to be 9.57% in Moringa leaves, 10.31% 
in Hedge lucerne leaves and 3.13%, 7.19%, and 8.52% in T , T , and 1 2

T  pelleted concentrate feeds, respectively, as presented in Table 2. 3

The polyphenolic fractions and saponin contents of the roughage 
sources and pelleted feeds offered to different dietary groups (% on 
DM basis) are presented in Tables 3 and 4. 

Table 1. Chemical composition of experimental pelleted concentrate feeds (% DM basis)

Proximate Moringa leaves Hedge lucerne leaves T  T  T1 2 3

DM 23.22 25.03 96.76 95.99 96.08

OM 91.31 91.88 95.64 96.67 96.64

CP 25.06 26.30 17.14 18.24 18.02

EE 4.42 3.42 4.19 3.43 4.38

CF 17.35 14.45 9.55 6.70 9.71

NFE 35.77 39.59 50.40 54.96 49.56

TA 17.37 16.22 8.70 6.64 7.31

TCHO 61.81 62.15 66.38 64.99 62.93

NDF 39.53 42.40 26.62 26.56 28.33

ADF 32.24 34.60 15.30 15.34 20.70

Lignin 7.28 9.88 4.39 6.32 5.11

Cellulose 22.40 13.31 17.68 17.82 15.77

Hemicellulose 7.29 7.79 11.32 11.22 7.63
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The antioxidant Assay measures the ability of antioxidants to scavenge and neutralize free radicals. Antioxidants help in protecting against oxidative 

stress and related disease. The antioxidant Assay of Moringa and Hedge lucerne leaves are presented in Table 5 and Fig.1. Hedge lucerne leaves 

have marginally higher DPPH radical scavenging activity compared to Moringa leaves.

Total N=Total Nitrogen; NDIN=Neutral Detergent Insoluble Nitrogen; ADIN=Acid Detergent Insoluble Nitrogen;

Table 2. Nitrogen fractions of tree leaves and pelleted concentrate feeds

Table 3. Polyphenolic fractions and saponin in roughage sources used in pelleted feeds (% DM basis)

Table 4. Polyphenolic fractions and saponin in pelleted concentrate feeds fed to different dietary groups (% DM basis)

Nitrogen Fractions Moringa leaves Hedge Lucerne leaves T  T  T1 2 3

Total N (%) 4.01±0.04 4.20 ±0.03 4.34±0.05 4.51±0.00 4.64±0.00

NDIN (%) 1.21±0.00 0.90±0.00 3.46±0.00 2.64±0.00 0.59±0.00

ADIN (%) 0.38±0.00 0.43±0.00 0.13±0.00 0.32±0.00 0.39±0.00

ADIN/TN (%) 9.57±0.12 10.31±0.07 3.13±0.06 7.19±0.03 8.52±0.04

Phytochemicals Groundnut straw Guar straw Moringa leaves Hedge Lucerne leaves

Total Polyphenols 1.38 0.71 6.36 7.17

Total Tannin Polyphenols 0.96 0.35 1.65 2.79

Non- tannin Polyphenols 0.42 0.36 4.71 4.38

Condensed Tannin 0.33 0.04 1.16 1.02

Hydrolysable Tannin 0.41 0.25 0.92 0.78

Saponin 2.98 2.72 2.11 1.91

Flavonoids 0.33 1.36 1.43 0.38

Oxalate 0.98 1.26 0.31 0.12

Hydrogen cyanide 0.0010 0.0021 0.0003 0.0050

Phytochemicals T  T  T1 2 3

Total Polyphenols 2.18±0.01 2.66±0.01 3.24±0.00

Total Tannin Polyphenols 0.90 ±0.00 0.36 ±0.00 0.38 ±0.00

Non- tannin Polyphenols 1.28 ±0.01 2.30 ±0.00 2.86±0.00

Condensed Tannin 0.38 ±0.01 0.31±0.00 0.44±0.00

Hydrolysable Tannin 0.43±0.00 0.22 ±0.00 0.18 ±0.00

Saponin 0.57±0.01 1.98 ±0.00 0.41±0.00

Flavonoids 1.00 ±0.03 2.01±0.00 1.11±0.12

Oxalate 0.02±0.00 0.04±0.00 0.01 ±0.00

Table 5. Antioxidant Assay in Moringa and Hedge Lucerne leaves

Attributes (%) Moringa leaves Hedge Lucerne leaves P value
a bDPPH radical scavenging activity (% RSA) 80.88 ±0.01 83.58  ±0.23 0.001

b aPhosphomolybdate assay (Total antioxidant capacity) 14.81 ±0.00 8.23  ±0.01 0.001
b aHydroxyl radical scavenging activity (% HRSA) 13.01 ±0.00 8.09  ±0.01 0.001

b aSuperoxide anion radical scavenging activity (SOD) 68.1  ±0.01 46.01  ±0.00 0.001
b aMetal chelating activity 60.63 ±0.01 48.42  ±0.02 0.001

ab Means with different superscripts in a row differ significantly (P<0.01)

The effect of leaves-incorporated pelleted concentrate feed on total gas production, methane emission, metabolizable energy (ME), net 

energy (NE) and short-chain fatty acids (SCFA) is summarized in Table 6 and Fig.2. No significant differences were observed among 

treatments for total gas production, methane production, ME, NE, or SCFA concentrations, although numerical variations were evident. 

Attributes T  T  T  P value1 2 3

Total gas production (ml) 22.88±12.34 28.00±7.15 22.00±4.48 0.306

Ch production(ml) 8.78±1.92 8.08±2.64 7.08±1.98 0.5064 

ME (Mcal/kg DM) 1.49±0.20 1.68±0.26 1.49±0.21 0.297

NE (Mcal/kg DM) 1.00±0.13 1.12±0.18 1.02±0.13 0.409

SCFA (mM) 0.26±0.07 0.31±0.09 0.24±0.07 0.318

Table 6. Effect of leaves incorporated in pelleted concentrate feed on Total gas production, ME, NE and SCFA
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The results revealed variations among leaf sources and formulated 

diets due to differences in nutrient density and fibre fractions 

relevant to feed utilization and animal performance. Higher DM and 

OM contents in T , T , and T  indicate improved storage stability and 1 2 3

formulation quality. Hedge lucerne (26.30%) and Moringa leaves 

(25.06%) showed higher CP levels, confirming their value as plant 

protein sources, whereas formulated diets contained moderate CP 

(17.14-18.24%), remaining adequate for maintenance and moderate 

production. EE was highest in T  (4.38%) whereas, CF, NDF, ADF 3

and lignin were substantially higher in Hedge lucerne leaves, 

indicating greater structural carbohydrates. In contrast, reduced 

fibre fractions and lignin in T -T  suggest improved digestibility and 1 3

feed quality. Higher NFE and total carbohydrates in the formulated 

diets, especially T , reflect enhanced availability of soluble 2

carbohydrates for rumen fermentation. Overall, the formulated 

diets exhibited a more balanced nutrient and fibre profile compared 

to sole leaf sources, supporting improved digestibility and efficient 

nutrient utilization. The results of the present study are in 

agreement with the compiled information reported by Garg et al. 

(2012), Kholif et al. (2015), Jayaprakash et al. (2016), 

Thirumeignanam et al. (2019), Sonawane et al. (2019), Wankhede et 

al. (2022) and Masitlha et al. (2024). However, variations in the 

nutrient composition of leaves have been reported by other 

researchers, including Suksombat and Buakeeree (2006), 

Radhakrishanan et al. (2007), Hassan et al. (2020) and Mynavathi 

et al. (2021). The possible variation in crude protein content is the 

response of Moringa and Hedge lucerne leaves to environmental 

conditions, soil nutrients and time of collection which affect 

chemical composition.

The nitrogen fractionation revealed marked differences among 

Moringa leaves, Hedge lucerne leaves and pelleted concentrate 

feeds. Total nitrogen content was highest in Hedge lucerne leaves 

and increased progressively in pelleted feeds containing tree 

leaves, revealed improved crude protein supply. The lower ADIN 

and ADIN/total N ratio observed in Moringa leaves and T diet 2 

denotes superior protein availability, as ADIN represents heat-

damaged or indigestible protein fractions. Diets with lower ADIN 

values are associated with enhanced ruminal degradability and 

intestinal protein absorption. A higher NDIN value in Hedge lucerne 

leaves reflect a greater proportion of rumen slowly degradable 

protein, which can sustain microbial growth over time. Pelleting 

reduce NDIN content in concentrate feeds, likely due to structural 

disruption of cell walls therefore improving nitrogen accessibility. 

Therefore, it indicates incorporation of tree leaves improved protein 

quality without increasing indigestible nitrogen fractions. The 

nitrogen fractions of leaves have been reported by other 

researchers, including Bhatt et al. (2020).

Tree leaves exhibited higher concentrations of total polyphenols, 

tannins and flavonoids compared to conventional roughages. 

Hedge lucerne leaves showed the highest total polyphenols, while 

Moringa leaves contained greater non-tannin polyphenols and 

flavonoids. These compounds are known to have antioxidant, 

antimicrobial and rumen-modulatory effects. Total polyphenols and 

non-tannin polyphenols increased in T  and T  diets showing their 2 3

antioxidant potential. These compounds are known to modulate 

rumen microbial populations, suppress oxidative stress and 

improve animal health. Saponin content was comparatively higher 

in groundnut and guar straw, whereas Moringa and Hedge lucerne 

leaves showed moderate levels. Saponins play a crucial role in 

reducing rumen protozoal population, thereby enhancing microbial 

protein synthesis and reducing methane production.

Condensed tannin levels remained within moderate ranges, which 

are considered beneficial for ruminant nutrition. Saponin content 

increased in T , therefore suppress rumen protozoa, enhancing 2

microbial protein synthesis and nitrogen utilization. Flavonoid 

content was highest in Moringa leaves and guar straw, indicating 

their role as potent antioxidants. Low oxalate and HCN 

concentrations across all feeds confirm the safety of leaf inclusion 

at the tested level. Overall, the phytochemical profile of Moringa 

and Hedge lucerne leaves and leaf incorporated pelleted 

concentrate feeds indicates enriched diet with beneficial 

secondary metabolites.

Several researchers have reported the presence of polyphenols 

and saponins in Moringa and Hedge lucerne leaves. Studies by 

Alikwe et al. (2013), Aye et al. (2013), Okiki et al. (2015) and Shaikh et 

al. (2025) documented varying levels of tannins, phenolics, 

flavonoids, saponins, phytates, and other secondary metabolites in 

Moringa leaves. Similarly, Thirumeignanam et al. (2019) and Sarkar 

et al. (2022) reported appreciable concentrations of total 

phenolics, tannins, saponins, and flavonoids in hedge lucerne 

leaves, which corroborate the findings of the present study.

Reason behind the marginally higher DPPH radical scavenging 

activity in Hedge lucerne might be due to differences in 

polyphenolic composition and hydrogen-donating capacity, as 

plant phenolics effectively quench DPPH radicals via hydrogen 

atom and electron transfer mechanisms (Li et al., 2018; Shahidi and 

Ambigaipalan, 2020; Liu et al., 2021). Moreover, both leaf sources 

showed strong DPPH scavenging activity, reflecting their richness 

in phenolics, flavonoids and condensed tannins (Pérez-Jiménez et 

al., 2019; Koley et al., 2022).

Moringa oleifera leaves demonstrated significantly higher total 

antioxidant capacity, hydroxyl and superoxide radical scavenging 

activities and metal chelating ability than Hedge lucerne leaves, 

indicating a broader spectrum of water- and lipid-soluble 

Fig.2. Graph showing total gas production, methane emission, metabolizable 

energy, net energy and short-chain fatty acids in different treatment groups

Fig.1. Graph denoting various antioxidant profile present in both the leaves 

namely Moringa and Hedge lucerne leaves
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Introduction

The transition period is three to four weeks before and after calving 

which is the most critical nutritional phase in dairy cattle 

management. As parturition approaches, dry matter intake (DMI) 

falls by 25–35%, precipitating negative energy balance (NEB) that 

predisposes cows to various metabolic conditions like ketosis, fatty 

liver, displaced abomasum, and retained placenta (Drackley et al., 

2005). A concurrent biological imperative during this period is 

colostrogenesis, which is  the immunoglobulin G (IgG)-enriched 

secretory process in the mammary gland, essentially completes by 

calving. Because calves are born immunologically naive owing to 

the synepitheliochorial placentation of cattle, first-milking 

colostrum IgG is a critical determinant of passive immunity transfer, 

neonatal survival and lifetime health trajectory (Godden, 2008; 

Barrington and Parish, 2001, Westhoff et al., 2024).

Augmenting close-up diet energy density with fermentable 

carbohydrate sources(glycerol, jaggery  crude sugar or maize 

starch) has been proposed as a strategy to blunt NEB without 

demanding large increases in feed volume (McLeod and Baldwin, 

2000; Trubenbach et al., 2019). These energy substrates differ 

markedly in their chemical nature: glycerol is a polyol requiring 

phosphorylation via the glpK or dhaK pathway before microbial 

u t i l i z a t i o n ;  j a g g e r y  p rov i d e s  r a p i d l y  fe r m e n t a b l e 

monosaccharides (glucose and fructose); and maize starch is a 

complex polysaccharide with longer fermentation kinetics (Blötz 

and Stülke, 2017). 

Complementary to energy fortification, a functional nutrient 

multicomponent supplement (FNMS) containing niacin, omega-3 

fatty acids, selenium and key trace minerals addresses the 

periparturient immune shift through multiple converging 

mechanisms. Niacin modulates adipocyte lipolysis via G protein-

coupled receptor 109A (GPR109A) activation; selenium and zinc 

underpin selenoprotein-mediated antioxidant defence, while 

long-chain omega-3 fatty acids from flaxseed attenuate pro-

inflammatory eicosanoid synthesis, collectively reducing the 

oxidative and inflammatory burden at parturition (Bertoni et al., 

2006; Moallem et al., 2013; Aragona et al., 2016, Hare et al., 2023). 

Cross-breeding of Deoni cattle, an indigenous draft-cum-dairy 

breed native to the Deccan plateau with Holstein Friesian (HF) 

bulls to produce HFX (crossbreds) is a prevalent improvement 

strategy in peninsular India. These two genotypes differ 

considerably in body weight, milk production potential, metabolic 

resilience and presumably in the hormonal and immunological 

determinants of colostrogenesis, making them a biologically 

informative pair for studying prepartum nutritional interventions. 

The present study, therefore, was designed  to evaluate the in vivo 

effects of close-up period energy fortification  with or without 

FNMS on colostrum IgG, calf birth weight, fetal membrane 

expulsion time (FMET) and early lactation performance in HFX and 

Deoni cows.

Materials and Methods

2.1 Ethical Approval and Study Location

All experimental procedures were approved by the Institutional 

Animal Ethics Committee (CPCSEA/IAEC/LA/SRS-ICAR-NDRI-

2019/No.10). The study was conducted at the Livestock Research 

This study examined whether prepartum close-up period energy fortification (+10% dietary 

gross energy via glycerol, jaggery, or maize) combined with a functional nutrient 

multicomponent supplement influenced colostrum immunoglobulin G (IgG) concentration, 

calf birth weight, fetal membrane expulsion time (FMET) and early lactation milk yield in HF-

crossbred (HFX) and indigenous Deoni cows. Thirty-two prepartum cows (16 HFX, 16 Deoni; 

3rd–5th parity; 35 ± 5 d pre-calving) were assigned to 2 (breed) × 2 (FNMS ± supplement) × 4 

(energy source) factorial arrangement. Colostrum IgG was estimated from colostrometer-

derived specific gravity. Day-0 colostrum IgG showed significant (P = 0.001) Energy × Breed 

and Energy × FNMS interactions; FNMS-supplemented HFX cows averaged 61.81 mg/mL 

compared to 56.30 mg/mL in unsupplemented Deoni cows. IgG concentration declined 

steeply by day 1 (44%) and no treatment differences were detectable from days 1–4. HFX 

calves at birth were heavier (49%) than Deoni calves (P < 0.001) and FNMS supplementation 

improved (P < 0.001) overall calf birth weight by 8% (12% in HFX, 5% in Deoni;). FMET was 38 

min shorter (P < 0.001) in Deoni than HFX cows, with FNMS showing a borderline tendency to 

hasten expulsion (P = 0.08). Milk yield was overwhelmingly governed by breed genetics. No 

metabolic disease or calf mortality was recorded. These results suggest that FNMS 

supplementation during the close-up period enhanced colostrum quality and calf vigour in 

crossbred dairy cows.

Keywords: Calf birth weight, Colostrum IgG, Functional nutrient multicomponent supplement, 

Prepartum nutrition, Transition cow.
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Centre, ICAR-NDRI Southern Regional Station, Bengaluru 

(12.947°N, 77.608°E; elevation 921 m amsl) between November 

2019 and March 2020. The site experiences a tropical savanna 

climate (Köppen–Geiger: Aw) with mean ambient temperatures of 

17–28°C and relative humidity of 51–71% across the study period. 

Heat index values recorded during the experimental period ranged 

from the normal to alert category for most months.

2.2 Animals, Housing, and Experimental Design

A total of thirty-two prepartum cows, 16 HFX (HFX; Bos taurus × Bos 

indicus) and 16 Deoni (Bos indicus) were enrolled at 35 ± 5 days 

before expected calving. All animals were in their 3rd to 4th parity 

with average body weights 476.69±16.78 kg in HFX and 

350.06±8.55 kg in Deoni. Animals were individually housed in 

ventilated 6 × 6 ft calving pens with evaporative cooling, twice-daily 

cleaning, daily bathing and unrestricted access to clean drinking 

water.

A 2 (breed: HFX vs. Deoni) × 2 (FNMS: with or without) × 4 (energy 

source: control, glycerolor jaggery or maize) factorial arrangement 

was employed, resulting in 16 treatment cells with two animals per 

cell (N = 32). The basal diet was formulated to meet nutrient 

requirements ICAR (2013) for late-gestation cows and comprised of 

mixed green fodder (Para grass : Hybrid Napier : Maize at 

25:25:50), finger millet straw (Eleusine coracana), and a 

commercial concentrate mixture (Karnataka Milk Federation, 

Bengaluru; with principal ingredients such as maize 38%, deoiled 

oilseed cakes, rice bran and molasses). Green fodder, straw, and 

concentrate were offered in 50:20:30 ratio (roughage-to-

concentrate ratio 70:30). Isocaloric energy fortification at +10% of 

total dietary gross energy was provided as glycerol (GE: 3,994 

kcal/kg), jaggery (GE: 3,860 kcal/kg), or ground maize grain (GE: 

4,094 kcal/kg). Experimental feeding ran from 35 days prepartum to 

calving.

2.3 Functional Nutrient Multicomponent Supplement (FNMS) 

Composition

The FNS was a precision blend formulated to supplement 

micronutrients after accounting for dietary supply relative to target 

requirements (ICAR, 2013). The composition of FNMS used in the 

present study consisted of copper (Cu) at 20 mg/kg DM, zinc (Zn) at 

60 mg/kg DM, cobalt (Co) at 0.11 mg/kg DM, selenium (Se) at 0.3 

ppm DM, iodine (I) at 0.4 mg/kg DM, chromium (Cr) at 5 mg/d, niacin 

at 12 g/d, and omega-3 fatty acids at 40 g/d. Omega-3 fatty acids 

were supplied through whole flaxseed (Linum usitatissimum; 

35.6% ether extract, 53% of total fatty acids as alpha-linolenic 

acid). The FNMS was offered once daily at 08:00 AM mixed with the 

concentrate mixture.

2.4 Measurements and Analytical Methods

Proximate composition of dietary ingredients and refusals was 

determined using AOAC (2000) procedures. Cell wall constituents 

(NDF, ADF, ADL, hemicellulose, cellulose) were analysed per Van 

Soest et al. (1991). Gross energy was measured using an adiabatic 

bomb calorimeter. Colostrum was collected aseptically at each of 

the first five milkings (0–4 days of post-calving). IgG concentration 

(mg/mL) was estimated from colostrometer-measured specific 

gravity using the conversion equation: IgG = 958 × SG − 969 

(Mechor et al., 1992). Calf birth weight (kg)  was recorded within 2 h 

of birth. The fetal membrane expulsion time (FMET) was measured 

as the duration between the time of calf birth and the time of 

complete expulsion of placental membranes. Milk yield was 

recorded daily from day 5 post-calving and aggregated to weekly 

totals for eight weeks and average was calculated.

2.5 Statistical Analysis

The in vivo data were analysed using a 2 × 2 × 4 factorial ANOVA 

with breed, FNMS and energy source as fixed effects. For 

colostrum IgG (repeated over days 0–4) and weekly milk yield 

(repeated over 8 weeks), a mixed model with repeated measures 

was fitted (PROC MIXED) using an autoregressive AR(1) covariance 

structure. Least-squares means ± SEM are reported; treatment 

means were separated by Duncan's Multiple Range Test. Statistical 

significance was declared at P ≤ 0.05 and tendencies at P ≤ 0.10.

Results and Discussion

3.1 Colostrum IgG Concentration

Estimated colostrum IgG concentrations across days 0–4 are 

presented in Fig 1. All day-0 group means (range 55.10–62.77 

mg/mL) exceeded the 50 mg/mL threshold associated with 

adequate colostrum quality (Godden, 2008), which is encouraging 

from a herd management standpoint. The overall day-0 mean was 

58.76 mg/mL. Error bars omitted for clarity, Broken lines indicate 

without FNS and solid lines indicate with FNS. Dotted grey line is 

overall mean. Values are least-squares means from colostrometer-

derived SG conversion. All day-0 group means exceeded the 50 

mg/mL indicative threshold for adequate colostrum quality (broken 

red line). Treatment effects were confined to day 0; no significant 

differences were detected from days 1 to 4.

A significant (P = 0.001) Energy × Breed interaction was observed 

on day 0: HFX cows averaged 60.61 mg/mL as compared to 56.90 

mg/mL in Deoni cows. The Energy × FNMS interaction was equally 

significant (P = 0.001), with FNMS groups averaging 59.66 mg/mL 

versus 57.86 mg/mL without supplementation. The highest 

(P=0.087) group mean was recorded in FNMS-supplemented HFX 

cows (61.81 mg/mL) and the lowest in unsupplemented Deoni cows 

(56.30 mg/mL). The three-way E × B × S interaction was non-

significant (P = 0.310), suggesting that the FNMS benefit on day-0 

IgG was consistent across energy substrates within the same 

breed.

The 3% improvement in day-0 IgG associated with FNMS is 

biologically plausible though more modest than the 18% gain 

reported by Aragona et al. (2016) using 48 g/d nicotinic acid. The 

FNMS in the present study incorporated only 12 g niacin/d, which 

may explain the attenuated response if dose-dependent GPR109A 

receptor activation is the primary mechanism. Selenium (0.3 ppm) 

and long-chain omega-3 fatty acids likely contributed via 

complementary antioxidant (selenoprotein activity) and anti-

inflammatory (eicosanoid modulation) pathways that support 

lymphocyte function during colostrogenesis. Hough et al. (1990) 

and Westland et al. (2017) also reported similarly modest but 

directionally consistent improvements in colostrum IgG with 
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Figure 1. Estimated colostrum IgG concentration (mg/mL) across days 

0–4 day post-calving by breed, energy and FNMS supplementation
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nutritional supplementation. The colostrum quality on day 0 

measured as specific gravity in either HFX or Deoni cows was in 

agreement with Vaz et al. (2004), who reported total 

immunoglobulin levels >50 mg/dL in HF cows.From day 1 onwards, 

IgG concentrations diminishes sharply across all groups (day-1 

mean: 32.98 mg/mL, a 44% decline) and stabilised between 22 and 

24 mg/mL through day 4. No treatment differences were detectable 

on days 1–4 (P > 0.107 for all terms), consistent with the established 

biology of mammary tight-junction closure at parturition which 

terminates immunoglobulin transport into milk regardless of 

circulating IgG levels (McGrath et al., 2016). The quality of 

colostrum decreased by approximately 50% on day 1 itself and by 

day 4 was only one-third of the day-0 value, which is  in agreement 

with Puppel et al. (2019).

3.2 Calf Birth Weight

Calf birth weight data are presented in Table 2. HFX calves were on 

average 10 kg or 49% heavier (P<0.001) at birth than Deoni calves 

(30.16 vs. 20.29 kg;), reflecting the well-established direct 

proportionality between dam body size and offspring birth weight 

(Paputungan and Makarechian, 2000). The metabolic BW of HFX 

calves was approximately 26% greater, mirroring the 20% 

difference in metabolic BW between HFX and Deoni dams. These 

values are consistent with birth weight differentials of 8–12 kg 

between crossbred and indigenous calves reported by Singh and 

Srinivas (2020) for peninsular India.

The FNMS supplementation was associated with an overall 8% 

improvement in calf birth weight (24.16 vs. 26.29 kg without and 

with FNMS, respectively; P < 0.001). The response was larger in 

HFX dams (12%; 28.50 vs. 31.82 kg) than in Deoni dams (5%; 19.81 

vs. 20.76 kg). The three-way E × B × S interaction on birth weight 

reached significance (P = 0.049), driven primarily by calves born to 

dams receiving maize + FNMS being heavier than control calves. 

The approximate 2 kg absolute improvement in calf birth weight 

with FNMS (3 kg in HFX, 2 kg in Deoni) is biologically consistent with 

the functional roles of selenium in placental angiogenesis and cell 

proliferation, zinc in protein synthesis during the period of 
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Table 2. Calf birth weight (kg) and metabolic BW (kg0.75) by energy source, breed, and FNS supplementation

 Control Glycerol Jaggery Maize P-value

Calf BW (kg)

Breed 

HFX 27.95 32.19 29.48 31.03 0.001***

Deoni 19.93 19.48 21.37 20.38

FNMS

+ 24.28 27.91 26.11 26.86 0.001***    

− 23.60 23.75 24.74 24.54

HFX × FNMS

+ 29.75 35.13 30.28 32.13 0.027* 

− 26.15 29.25 28.69 29.93

Deoni × FNMS

+ 18.80 20.70 21.95 21.60 NS    

− 21.05 18.25 20.79 19.16

(E×B×S)     0.049* 

SEM: 0.685 (BW) and 0.227 (MBW). ***P ≤ 0.001; *P ≤ 0.05; NS = not significant.

maximum fetal growth and omega-3 fatty acids in uteroplacental 

blood flow (Mee et al., 1995; ICAR, 2013). It is noteworthy that the 

last trimester accounts for more than 70% of calf birth weight, with 

approximately 30% accrued in the final month (ICAR, 2013), making 

the close-up nutritional window critically important for fetal 

development. Khan et al. (2004) reported 2.8 kg higher birth weight 

in cows fed 30% more than recommended energy during the last 

trimester, while Loerch (1996) reported 4.2 kg heavier calves from 

high-grain prepartum diets, contextualising the present 1–3 kg 

FNMS-associated improvement.

Table 3. Effect of energy source, breed and FNMS supplementation on Fetal membrane expulsion time (min)

 Control Glycerol Jaggery Maize P-value

FMET (min)

Breed 

HFX 206 211 194 191 0.001***

Deoni 175 154 159 163

FNMS

+ 188 176 174 173 0.08†

− 194 189 179 181

HFX × FNMS

+ 195 210 188 188 NS

− 218 213 200 195

Deoni × FNMS

+ 180 143 160 158 NS

− 170 165 158 168

(E×B×S)     0.099† 

***P ≤ 0.001; †P ≤ 0.10 (tendency); NS = Not significant (P > 0.05).
FMET = Fetal Membrane Expulsion Time. E×B×S = Energy × Breed × Supplement interaction.
No animal in any group experienced retained placenta (≥ 720 min threshold).
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3.3 Fetal membrane Expulsion Time

Results for FMET revealed that Deoni cows expelled fetal 

membranes significantly (P < 0.001) faster than HFX cows in Table 

3. (163+5.4 vs 201+6.2 min). This breed difference most likely 

reflects differences in uterine musculature tone, oxytocin receptor 

density and the lower body weight of Deoni cows, which reduces 

mechanical resistance during placental separation. Importantly, all 

observed FMET values were well below the 720-min (12-h) 

threshold that defines retained placenta clinically, and no animal in 

any group experienced placental retention, a meaningful positive 

finding confirming the safety of the tested regimen.

FNMS supplementation showed a borderline tendency to hasten 

FMET (P = 0.08), possibly mediated by the selenium component 

(0.3 ppm): selenium is known to support prostaglandin F2α 

synthesis and myometrial contractility that facilitate placental 

separation and expulsion (Mee et al., 1995; Allison et al., 2000). 

Weiss and Gonzalo (2006) reported that Se supplementation at 0.3 

ppm elevated plasma antioxidants and reduced immune-

suppressive oxidative stress that is known to impair uterine 

contractility in the periparturient period. The Energy × Breed × 

FNMS interaction effect on FMET was significant at the 10% level (P 

= 0.099), though the absolute breed × FNMS difference was only 

5–10 min, which has limited clinical significance.

3.4 Early Lactation Performance

The Table 4 presents weekly milk yield across the first eight weeks 

of lactation. The significant aspect of the data is the breed effect 

HFX cows produced between three and four times as much milk as 

Deoni cows every week without exception (P < 0.001 throughout), 

reflecting the fundamental difference in genetic milk production 

capacity between a Holstein-influenced crossbred and an 

indigenous draft-cum-dairy breed (Mohanavel and Srinivas 2016). 

These results show that neither prepartum energy source nor 

FNMS produced a statistically significant effect on weekly milk yield 

at any time point. In HFX cows, FNMS- animals produced 

numerically 5–7% more milk (Fig 2) in weeks 1 and 2 (18.04 vs. 15.47 

kg/week in week 1 for the control group), but this difference was 

well within chance variation given the sample size (P = 0.64) (Fig 2). 

In Deoni cows, FNMS made no discernible difference at any point. 

The absence of a sustained milk yield response to prepartum FNS 

supplementation is consistent with DeFrain et al. (2004) and 

Osborne et al. (2009), and may simply reflect the relatively short 

carry-over duration of close-up nutritional interventions on 

lactation performance.
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Table 4. Effect of energy source, breed and FNMS supplementation on early lactation (1–8 weeks) average milk yield (kg/cow/week)

SEM range: 0.885–1.252. Energy × FNMS and E × B × S interactions non-significant at all weeks (P = 0.161–0.978). ***P ≤ 0.001 for Energy × 
Breed at every weekly interval.

Week Breed Control Glycerol Jaggery Maize P-value

I HFX 15.19 14.38 14.82 14.71 0.001***

 Deoni 3.70 3.34 3.66 4.46

II HFX 18.29 17.50 15.96 15.91 0.001***

 Deoni 4.14 4.06 4.61 4.20

III HFX 18.48 16.66 16.32 16.30 0.001***

 Deoni 4.17 4.15 4.30 4.43

IV HFX 16.82 15.76 16.38 16.38 0.001***

 Deoni 4.52 4.05 4.51 4.53

V HFX 18.06 15.77 16.16 15.77 0.001***

 Deoni 4.60 4.07 4.61 4.65

 VIHFX 18.70 16.21 15.95 15.77 0.001***

 Deoni 4.83 4.43 4.46 4.62

VII HFX 18.92 16.04 15.38 15.88 0.001***

 Deoni 4.88 4.56 4.19 4.56

VIII HFX 19.29 15.41 15.75 14.70 0.001***

 Deoni 4.66 4.50 4.49 4.56

Avg HFX 17.08 15.15 15.04 14.87 0.001***

 Deoni 4.22 3.93 4.14 4.28

Figure 2: Early lactation weekly milk yield (weeks 1-8) with or without FNMS
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Prepartum FNMS supplementation showed a non-significant 

(P=0.64) 5-7% advantage in HFX cows during weeks 1-2 only 

dissipating from week 3. Deoni cows showed no FNMS-related milk 

yield difference at any week. HFX produced 3.75X more than Deoni 

(P<0.001) throughout. 

3.5 Animal Health and Welfare

There were no cases of milk fever, clinical ketosis, displaced 

abomasum, retained placenta, calf respiratory disease or calf 

mortality were recorded across all 32 dam-calf pairs through out 

the observation period. While the absence of metabolic disease is 

encouraging and confirms the effectiveness and safety of all tested 

supplementation levels, the clinical observation window was 

extended only up to 30 days of  post-calving.

Conclusion

The FNMS supplementation during the close-up period 

significantly improved day-0 colostrum IgG in HFX cows (Energy × 

Breed, P = 0.001) and improved calf birth weight across both breeds 

(8%; P < 0.001), with a numerically larger response in HFX (12%) 

than Deoni (5%) dams. A borderline tendency for FNMS to hasten 

fetal membrane expulsion (P = 0.08) was observed, consistent with 

selenium-mediated enhancement of myometrial contractility. Early 

lactation milk yield was overwhelmingly determined by breed 

genetics and was not significantly influenced by prepartum 

nutritional interventions. The absence of metabolic disease or calf 

mortality across all groups confirms the safety of the tested close-

up supplementation regime. These findings support the inclusion 

of a multicomponent FNMS in close-up prepartum diets, 

particularly in HF-crossbred herds under Southern Indian 

conditions, to improve colostrum quality and calf birth vigour. 

Larger, adequately powered trials with direct IgG measurement by 

radial immunodiffusion or ELISA and comprehensive metabolic 

monitoring are warranted to confirm and extend these 

observations.
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Introduction

Silver barb (  Bleeker, 1850) is a widely Barbonymus gonionotus

cultivated medium-sized carp in South and Southeast Asia, valued 

for its rapid growth, adaptability to plant-based diets and tolerance 

of variable environmental conditions (Jena et al., 2007). In the hill 

climate of Meghalaya, the species has shown considerable 

aquaculture potential, with ICAR-NEH Region trials recording 

satisfactory growth in pond and cage systems (Singh et al., 2024) 

and a polyculture yield of 1,350 kg/ha over six months, where B. 

gonionotus attained 189.12 g final weight with 81.25% survival (Das 

and Mahanta, 2025). In eastern India and Bangladesh, the species 

is commonly reared on farm-made feeds using rice bran, mustard 

oil cake and fish meal (Mondal et al., 2019; Mazid et al., 1997), and 

rising ingredient costs have generated interest in locally available, 

low-cost protein supplements that can be incorporated without 

compromising fish performance (Jahan et al., 2021).

Azolla pinnata, a free-floating aquatic pteridophyte growing 

abundantly in the paddy fields of Northeast India, offers 

considerable potential in this context. Through symbiosis with 

Anabaena azollae, it accumulates biomass rapidly and contains 22 

to 29% crude protein on a dry matter basis, along with essential 

amino acids, minerals and vitamins (Swain et al., 2022; Datta et al., 

2011). Dried  can substitute up to 50% of mustard oil cake A. pinnata

in silver barb fry diets without significant growth depression, with 

an optimal dietary inclusion of 47.8% established through 

regression analysis (Debnath, 2025). A recognised limitation, 

however, is the presence of antinutritional factors (ANFs), 

particularly tannins and phytic acid, which inhibit digestive enzyme 

activity and impair protein digestibility when unfermented azolla is 

included beyond the tolerance threshold of the target species 

(Bhadake et al., 2024; Mpwaga et al., 2023; Francis et al., 2001).

Yeast solid-state fermentation (SSF) offers a practical means of 

addressing this constraint by generating extracellular proteases, 

cellulases and phytases that degrade ANFs and improve protein 

solubility (Siddik et al., 2024; Agboola et al., 2021). Fermentation 

has improved growth and protein digestibility in rohu fed plant-

based diets (Das et al., 2021), and growth benefits of fermented 

over unfermented azolla have been demonstrated in tilapia (Ismail 

et al., 2022; Refaey et al., 2023), yet no comparable study exists for 

B. gonionotus under hill aquaculture conditions. We hypothesised 

that progressive replacement of unfermented azolla meal with 

yeast fermented azolla meal would reduce dietary ANF load in a 

dose-dependent manner, thereby improving protein digestibility, 

growth performance and muscle composition of juvenile B. 

gonionotus. The present study therefore evaluated graded 

replacement at 0%, 25%, 50%, 75% and 100% within a fixed 20% 

dietary azolla inclusion under mid-hill conditions of Meghalaya.

Materials and methods

Study location and fish

The trial was conducted at Umiam, Meghalaya, northeastern India. 

A 45-day trial duration was considered adequate for preliminary 

screening of dietary treatments under controlled tank conditions, 

consistent with similar short-duration growth evaluations in B. 

gonionotus (Jahan et al., 2020) and azolla-based cyprinid feeding 

studies (Naji and Alzurfi, 2023). Juvenile fish with a mean initial 

body weight of 12.21 ± 1.31 g were obtained from ICAR farm and 

acclimatised for 7 days on a commercial diet (25 % CP) before the 

trial commenced.
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Cultivation and preparation of azolla meal

Azolla pinnata was collected from local paddy fields in Meghalaya 

and identified on the basis of its distinctly triangular pinnate plant 

form, green non-reddish colouration, acute leaf apices and 2 to 3 

roots per node (Kumar et al., 2018; Lellinger et al., 1983). 

Authenticated material was subsequently cultivated in outdoor 

concrete beds fertilized weekly with diluted cow dung slurry and 

superphosphate. Harvested biomass was washed, shade-dried for 

48 h and  60 C for 24 hrs. One portion was retained as UAM after 0

grinding to 0.5 mm. For FAM, dried azolla powder was rewetted to 

50 to 55% moisture, inoculated with fresh baker's yeast 

( , procured from a local grocery shop, Saccharomyces cerevisiae

Barapani, Meghalaya) at 5 g/kg dry substrate (Manoppo and 

Kolopita, 2016), mixed uniformly and incubated under aerobic 

solid-state conditions at 30 ± 1°C for 48 hours following the SSF 

protocol of Siddik et al. (2024). The fermented material was re-

dried at 60 C for 24 hrs, reground to 0.5 mm and stored at room 0

temperature until use. Substrate pH was measured before 

inoculation and after 48 hours of incubation using a calibrated 

digital pH meter on a 1:5 substrate-to-distilled-water suspension, 

declining from 6.42 ± 0.11 to 4.87 ± 0.09. Organoleptic 

characteristics of UAM and FAM were recorded: UAM presented a 

dull olive-green colour, grassy odour and fibrous texture, whereas 

FAM showed a darker brownish hue, yeasty and mildly acidic odour, 

and more friable texture. Both UAM and FAM were assessed for 

proximate composition (AOAC, 2005), tannin content by the 

vanillin-HCl colorimetric method (Price et al., 1978) and phytic acid 

by the Wade reagent colorimetric method (Haug and Lantzsch, 

1983) prior to diet preparation (Table 1).

Table 1. Proximate composition and anti-nutritional factor content of unfermented (UAM) and yeast fermented (FAM) Azolla 
pinnata meal (dry matter basis)

Parameter UAM FAM % Change

Crude protein (%) 23.14 ± 0.42 27.86 ± 0.51 +20.39

Crude fat (%) 3.81 ± 0.24 4.12 ± 0.29 +8.14

Crude fibre (%) 15.24 ± 0.38 11.37 ± 0.31 −25.39

Total ash (%) 10.42 ± 0.31 9.84 ± 0.27 −5.57

Tannin (mg/g DM) 8.42 ± 0.61 4.91 ± 0.43 −41.69

Phytic acid (g/kg DM) 6.18 ± 0.47 2.84 ± 0.32 −54.05

Substrate pH 6.42 ± 0.11 4.87 ± 0.09 −24.14

Note: Values are mean ± SD of triplicate analyses. % change = [(FAM − UAM) / UAM] × 100

Experimental diets

Five iso-nitrogenous diets were formulated with fish meal (23%), MOC (25%), rice bran (30%) and vitamin-mineral premix (2%) fixed and 

identical across all treatments. The remaining 19.5% comprised UAM and FAM in varying proportions constituting 0%, 25%, 50%, 75% and 

100% FAM replacement of UAM (T1 through T5, Table 2), with 0.5% chromic oxide included as an inert digestibility marker in all diets. The 

estimated crude protein ranged from 29.43% in T1 to 30.40% in T5, an increment of less than 1 percentage point inherent to the 

replacement design since FAM carries higher CP than UAM. Analysed dietary CP values did not differ significantly among treatments 

(P>0.05); the small progressive increment in estimated CP was inherent to the replacement design and nutritionally negligible at <1% 

across the full replacement range.

Experimental management and protein 
digestibility

Fifteen 1000-litre cemented tanks filled with dechlorinated tap 

water were used, with five treatments in triplicate. Each tank was 

stocked with 20 fish after acclimatisation. Fish were fed twice daily 

at 09:00 and 15:00 h at 5% body weight, adjusted every 15 days. 

Uneaten feed and faeces were removed by siphoning on alternate 

days, and 1/3  of the water column was exchanged weekly. rd

Mortalities were recorded daily. Water quality parameters were 

monitored weekly using a portable dissolved oxygen meter (Lutron 

PDO-519, Taiwan) and a multiparameter water quality tester 

(Eutech Instruments PCSTestr 35, Singapore).

For protein digestibility, faecal samples were collected from each 

tank on days 30 and 45 by siphoning following the last daily feeding, 

centrifuged, freeze-dried and stored at -4 C. Chromic oxide in diets 0

a n d  fa e c e s  w a s  d e te r m i n e d  by  we t  a s h  d i g e s t i o n 

spectrophotometry. Apparent digestibility coefficient for crude 

protein (ADC-CP) was calculated as:

Table 2. Ingredient composition (g per 100 g diet, dry matter basis) and estimated crude protein of experimental diets

Ingredient T  T  T  T  T1 2 3 4 5

Fish meal 23.00 23.00 23.00 23.00 23.00

Mustard oil cake 25.00 25.00 25.00 25.00 25.00

Rice bran 30.00 30.00 30.00 30.00 30.00

UAM 19.50 14.63 9.75 4.88 0.00

FAM 0.00 4.87 9.75 14.62 19.50

Vitamin-mineral premix 2.00 2.00 2.00 2.00 2.00

Chromic oxide 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00

Estimated CP (%) 29.46 ± 0.36 29.70 ± 0.36 29.93 ± 0.36 30.15 ± 0.36 30.38 ± 0.36

UAM and FAM proportions reflect 0%, 25%, 50%, 75% and 100% FAM replacement of the 20% azolla component
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Proximate composition and ANF content of 
UAM and FAM

Yeast SSF altered the nutritional and antinutritional profile of A. 

pinnata meal (Table 1). Crude protein was higher in FAM than in 

UAM (27.86 vs. 23.14%), while crude fibre (11.37 vs. 15.24%), total 

ash (9.84 vs. 10.42%) and crude fat (4.12 vs. 3.81%) differed 

marginally between the two meals. Tannin concentration declined 

from 8.42 mg/g in UAM to 4.91 mg/g in FAM, a reduction of 

approximately 42%. Phytic acid decreased from 6.18 g/kg in UAM to 

2.84 g/kg in FAM, representing a reduction of approximately 54%. 

Substrate pH declined from 6.42±0.11 before inoculation to 4.87± 

0.09 after 48 hr. of SSF, and sensory assessment recorded a 

transition from grassy odour and fibrous texture of UAM to a yeasty, 

mildly acidic odour and more friable texture in FAM, providing 

qualitative confirmation of fermentation. Estimated dietary CP 

ranged from 29.46% in T1 to 30.38% in T5, with analysed values not 

differing significantly among treatments (P > 0.05).

Growth performance, survival and condition 
factor

Growth parameters improved progressively from T1 to T4, with T4 

and T5 statistically comparable in most indices (P>0.05) (Table 3). 

Fish in T1 recorded the lowest final weight (17.84 ± 1.24 g), WG (5.63 

± 0.74 g), SGR (0.84 ± 0.07 % day ) and PER (1.31 ± 0.08), and the -1

highest FCR (2.61 ± 0.21), all significantly inferior to T3, T4 and T5 

(P<0.05). Fish in T4 achieved the highest SGR (1.16 ± 0.07 % day ), -1

best FCR (2.08 ± 0.14), highest PER (1.57 ± 0.08) and condition 

factor (2.11 ± 0.09), with T5 recording comparable values (P>0.05). 

Survival ranged from 86.67 ± 2.89% in T1 to 93.33 ± 2.31% in T4.

ADC-CP (%) = 100 × [1 − (Cr O  in diet / Cr O in faeces) × (CP in 2 3 2 3

faeces / CP in diet)]

Sampling and growth indices

Fish were individually weighed and measured on days 0, 7, 15, 30 

and 45. Weight gain (WG), percentage weight gain (% WG), specific 

growth rate (SGR), feed conversion ratio (FCR), protein efficiency 
3ratio (PER), condition factor (CF = W/L  × 100) and survival were 

calculated by standard formulae. At day 45, five fish per tank (15 fish 

/treatment) were killed by immersion in ice slurry and dorsal muscle 

tissue was dissected and pooled at the tank level. Pooled samples 

from each tank (n = 3/ treatment) were analysed separately for 

crude protein, crude fat, moisture and total ash by AOAC (2005), so 

that the tank remained the experimental unit for muscle proximate 

composition.

Statistical analysis

Intermediate sampling data collected on days 7, 15 and 30 were 

used solely for feed ration adjustment and welfare monitoring and 

were not subjected to statistical analysis. Terminal day-45 data for 

all growth indices, feed utilisation parameters, condition factor, 

survival and ADC-CP were subjected to one-way ANOVA and 

treatment means compared by Duncan's multiple range test 

(DMRT) at P ≤ 0.05 using SPSS version 21.0. Values are expressed 

as mean ± SD of triplicate groups.

Results

Water quality

Water quality remained stable across all tanks throughout the trial: 

temperature 20.8 ± 0.9 C, dissolved oxygen 7.4 ± 0.5 mg/L, pH 7.1 0

±0.3 and total ammonia nitrogen 0.02 ± 0.01 mg/L. Parameters did 

not differ significantly among tanks.

https://epubs.icar.org.in/index.php/IJAN/indexIndian Journal of Animal Nutrition (IJAN) - Open Access 

Table 3. Growth performance, feed utilisation, survival, condition factor and apparent protein digestibility of B. gonionotus at day 
45 (mean ± SD, n = 3 tanks)

Table 4. Muscle proximate composition (% wet weight) of B. gonionotus at day 45 (mean ± SD, n = 15 fish per treatment)

Parameter T  (0% FAM) T  (25% FAM) T  (50% FAM) T  (75% FAM) T  (100% FAM)1 2 3 4 5

Initial weight (g) 12.22 ± 1.29ᵃ 12.18 ± 1.34ᵃ 12.24 ± 1.27ᵃ 12.19 ± 1.33ᵃ 12.21 ± 1.31ᵃ

Final weight (g) 17.84 ± 1.24ᶜ 18.62 ± 1.18ᵇᶜ 19.47 ± 1.09ᵇ 20.38 ± 1.14ᵃ 20.21 ± 1.21ᵃ

WG (g) 5.63 ± 0.74ᶜ 6.41 ± 0.68ᵇᶜ 7.26 ± 0.82ᵇ 8.17 ± 0.79ᵃ 8.00 ± 0.84ᵃ

% WG 46.11 ± 5.83ᶜ 52.54 ± 4.97ᵇᶜ 59.52 ± 6.14ᵇ 66.97 ± 6.42ᵃ 65.57 ± 6.89ᵃ

SGR (%/ day) 0.84 ± 0.07ᶜ 0.96 ± 0.06ᵇᶜ 1.07 ± 0.08ᵇ 1.16 ± 0.07ᵃ 1.14 ± 0.08ᵃ

FCR 2.61 ± 0.21ᵃ 2.43 ± 0.18ᵃᵇ 2.24 ± 0.16ᵇᶜ 2.08 ± 0.14ᶜ 2.11 ± 0.17ᶜ

PER 1.31 ± 0.08ᶜ 1.38 ± 0.09ᵇᶜ 1.46 ± 0.10ᵇ 1.57 ± 0.08ᵃ 1.54 ± 0.09ᵃᵇ

Condition factor 1.87 ± 0.07ᶜ 1.94 ± 0.08ᵇᶜ 2.02 ± 0.07ᵇ 2.11 ± 0.09ᵃ 2.09 ± 0.08ᵃ

Survival (%) 86.67 ± 2.89ᵇ 88.33 ± 3.21ᵃᵇ 90.00 ± 2.00ᵃᵇ 93.33 ± 2.31ᵃ 91.67 ± 2.89ᵃ

ADC-CP (%) 72.14 ± 1.84ᶜ 75.83 ± 1.47ᵇᶜ 79.41 ± 1.63ᵇ 83.47 ± 1.62ᵃ 82.94 ± 1.71ᵃ

Means in each row with different superscripts are significantly different (P<0.05)

Parameter T   T  T  T  T1 2 3 4 5

Moisture (%) 73.42 ± 0.71ᵃ 72.81 ± 0.68ᵃᵇ 72.14 ± 0.74ᵃᵇ 71.38 ± 0.62ᵇ 71.62 ± 0.69ᵇ

Crude protein (%) 14.87 ± 0.48ᶜ 15.44 ± 0.42ᵇᶜ 16.12 ± 0.39ᵇ 16.91 ± 0.44ᵃ 16.72 ± 0.41ᵃᵇ

Crude fat (%) 4.61 ± 0.29ᶜ 4.89 ± 0.27ᵇᶜ 5.18 ± 0.31ᵃᵇ 5.51 ± 0.28ᵃ 5.39 ± 0.33ᵃ

Total ash (%) 3.08 ± 0.18ᵃ 3.11 ± 0.21ᵃ 3.14 ± 0.19ᵃ 3.17 ± 0.22ᵃ 3.15 ± 0.20ᵃ

Means in each row with different superscripts are significantly different (P<0.05)

Muscle proximate composition

Muscle crude protein and crude fat increased progressively from T1 to T4, with T4 and T5 recording 
significantly higher values than T1 and T2 (P < 0.05). Moisture declined correspondingly. Total ash did not differ 
significantly among treatments (Table 4).
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Velásquez et al. (2015) reported improved FCR in tilapia fed 

fermented aquatic macrophytes compared to unfermented forms, 

and Jahan et al. (2021) recorded better FCR and PER in B. 

gonionotus fed fermented soybean meal over untreated meal. The 

present findings are directionally consistent with these studies, 

though the specific magnitude of response may differ across 

species, fermentation agents and rearing conditions. The statistical 

equivalence of T4 and T5 in most growth and digestibility 

parameters suggests that 75% FAM replacement captures most of 

the growth benefit achievable at this level, which may have practical 

relevance for reducing fermentation effort, though this inference 

should be tested across a wider range of conditions before practical 

guidance is drawn. The progressive improvement in FCR may also 

partly reflect enhanced diet palatability, as yeast SSF generates 

free amino acids and volatile organic acids recognised as feeding 

stimulants in cyprinid fish (Siddik et al., 2024; Agboola et al., 2021), 

though a formal feed preference trial was not conducted.

The improvement in condition factor from T1 (1.87) to T4 (2.11) 

indicates relatively better body robustness in higher FAM groups, 

consistent with improved nutrient retention (Farhad et al., 2023). 

The corresponding improvement in muscle crude protein and fat, 

with lower moisture in T4 compared to T1, supports the 

interpretation that better protein digestibility in higher FAM 

treatments translated into improved tissue synthesis. Similar trends 

in muscle or whole-body composition with fermented plant protein 

diets in cyprinids have been reported by Jahan et al. (2021) and 

Magouz et al. (2020), though direct comparison with these studies 

is limited by differences in species, diet composition and rearing 

conditions.

The lower survival in T1 (86.67%) compared to T4 (93.33%) may 

reflect the cumulative effect of a higher dietary ANF load over the 

45-day period. Fiogbe et al. (2004) observed reduced survival in 

tilapia fed high-level unprocessed azolla, and Mpwaga et al. (2023) 

noted that prolonged ANF exposure may progressively impair 

antioxidant defence in fish. However, since water quality was 

maintained within acceptable ranges and no overt disease signs 

were recorded, differential mortality cannot be confirmed from the 

present data and should be interpreted cautiously. The yeast 

inoculation rate of 5 g/kg dry substrate and 48-hr incubation at 

30°C represent practically feasible conditions for on-farm SSF in 

Meghalaya, though fermentation efficiency may vary with ambient 

temperature across seasons. On-farm yeast fermentation of locally 

cultivated  appears a potentially useful feed strategy for silver azolla

barb in Northeast Indian hill regions, and feed management 

strategies adapted to local conditions have been shown to 

substantially improve pond productivity in NE India (Debnath, 

2025).

Limitations and future recommendations

As this study was limited to a 45-day cemented tank trial under a 

single seasonal thermal condition and did not include an economic 

analysis, the findings should be considered preliminary. The 

duration was considered adequate to detect treatment-level 

differences in growth and digestibility indices under controlled 

conditions, but is insufficient to support broad practical feeding 

recommendations without further validation under pond conditions 

across seasons and fish size classes. Faecal collection by 

siphoning may have resulted in some degree of nutrient leaching 

prior to recovery, potentially introducing a modest upward bias in 

the estimated ADC-CP values; future studies should consider 

stripping or settlement-column collection methods to minimise this 

source of error. The fermentation process was characterised 

through proximate, ANF, pH and qualitative sensory analyses; 

Discussion

The trial was conducted at a mean water temperature of 20.8 ± 

0.9 C, characteristic of mid-hill conditions of Meghalaya. The SGR 0

values recorded across treatments (0.84 to 1.16 % day⁻¹) are broadly 

consistent with growth performance documented for  B. gonionotus

under mid-hill pond conditions at Umiam (Das and Mahanta, 2025) 

and within the range reported for the same species in earthen 

ponds in Bangladesh (Mollah et al., 2011), though direct comparison 

remains limited by differences in fish size, culture system and diet 

composition. The small but progressive increment in estimated 

dietary CP from T1 (29.46 %) to T5 (30.38 %) was inherent to the 

replacement design and nutritionally negligible at less than 1 

percentage point across the full replacement range, and growth 

and digestibility responses are therefore more plausibly attributed 

to progressive reduction in dietary ANF load than to differences in 

protein level per se. The relatively elevated dissolved oxygen (7.4 ± 

0.5 mg/L) may have partially supported aerobic metabolic scope 

across all treatments, as dissolved oxygen availability has been 

shown to significantly influence oxygen consumption rate and 

aerobic metabolism in cyprinid fishes (Zhang et al., 2012).

The quality assessment of UAM and FAM (Table 1) confirmed that 

yeast SSF reduced the ANF content of , with tannin declining azolla

by approximately 42 % and phytic acid by 54 % in FAM relative to 

UAM. Cruz Velasquez et al. (2011) reported comparable reductions 

in tannins and phytates in fermented  species, with post-Azolla

fermentation values falling below the critical dietary thresholds for 

cultured fish as described by Francis et al. (2001). The phytic acid 

content of UAM (6.18 g/kg) exceeded the 5 g/kg threshold identified 

by Francis et al. (2001) above which phytate impairs protein 

digestibility and mineral absorption in fish, while that of FAM (2.84 

g/kg) fell below it. Tannins in UAM (8.42 mg/g) also exceeded the 

levels at which they inhibit digestive enzyme activity in fish (Francis 

et al., 2001), whereas FAM (4.91 mg/g) showed a meaningful 

reduction, though whether this reduction fully eliminates the 

inhibitory effect in  specifically cannot be confirmed B. gonionotus

from the present data alone. Mpwaga et al. (2023) noted that 

tannins and phytic acid in azolla are the primary contributors to its 

limited digestibility in fish at high inclusion levels.

The progressive improvement in ADC-CP from T1 (72.14 %) to T4 

(83.47 %) is a central finding of this study and is consistent with the 

mechanistic explanation that increased FAM proportion 

progressively reduced the dietary ANF load, improving the 

accessibility of protein fractions to intestinal digestive enzymes. 

Siddik et al. (2024) reviewed that SSF improves protein digestibility 

through degradation of protein-ANF complexes and partial pre-

hydrolysis of proteins by microbial enzymes. Das et al. (2021) 

demonstrated improved protein digestibility in rohu ( ) fed L. rohita

yeast SSF plant-based diets compared to unfermented controls. 

Feng et al. (2024) similarly noted that yeast SSF of plant proteins 

improves  digestibility through reduction of trypsin inhibitors in vitro

and tannins. The comparable ADC-CP of T4 and T5 (P ≥ 0.05) 

suggests that the digestibility benefit of fermentation approaches a 

plateau between 75 and 100% FAM replacement at this inclusion 

level, though whether this plateau holds at higher azolla inclusion 

levels or different fish sizes would require further investigation.

The progressive improvement in WG, SGR and PER from T1 to T4 is 

consistent with the improvement in ADC-CP, as higher protein 

digestibility would be expected to increase the proportion of dietary 

amino acids available for anabolism, supporting better growth and 

tissue deposition. Das et al. (2018) reported declining SGR in B. 

gonionotus fed increasing proportions of unfermented azolla, 

attributed to ANF-mediated impairment of digestion. Cruz 
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Debnath, C. 2025. Evaluation of Azolla pinnata as a protein source 

in the diet of silver barb (Barbonymus gonionotus) during fry-

to-fingerling rearing under hill conditions of Meghalaya. Animal 

Nutrition and Feed Technology. 25: 235–245.

Farhad, F. B., Hashem, S., Rana, K. M. S. and Salam, M. A. 2023. 

Growth performance and hematological responses of silver 

barb (Barbonymus gonionotus Bleeker, 1850) fingerlings to 

dietary blanched moringa (Moringa oleifera Lam.) leaf meal as 

a substitute of soybean meal. Heliyon. 9(2): e13552.

Feng, X., Ng, K., Ajlouni, S., Zhang, P. and Fang, Z. 2024. Effect of 

solid-state fermentation on plant-sourced proteins: A review. 

Food Reviews International. 40(9): 2580–2617.

Fiogbe, E. D., Micha, J. C. and Van Hove, C. 2004. Use of a natural 

aquatic fern, , as a main component in food Azolla microphylla

for the omnivorous-phytoplanktonophagous t i lapia, 

Oreochromis niloticus L. Journal of Applied Ichthyology. 20(6): 

517–520.

Francis, G., Makkar, H. P. S. and Becker, K. 2001. Anti-nutritional 

factors present in plant-derived alternate fish feed ingredients 

and their effects in fish. Aquaculture. 199(3-4): 197–227.

Hastuti, S., Yuniarti, T., Harwanto, D. and Subandiyono, S. 2024. 

Growth performance of Java barb ( ) in Barbonymus gonionotus

relation with water temperature. AACL Bioflux. 17(3): 949–959.

Haug, W. and Lantzsch, H. J. 1983. Sensitive method for the rapid 

determination of phytic acid in cereals and cereals products. 

Journal of the Science of Food and Agriculture. 34: 1423–1426.

Ismail, T., Hegazi, E., Nassef, E., Habotta, O. A. and Gewaily, M. S. 

2022. The optimized inclusion level of  Azolla pinnata

fermented with  in Nile tilapia (Bacillus subtilis Oreochromis 

niloticus) diets: Immunity, antioxidative status, intestinal 

digestive enzymes and histomorphometry, and disease 

resistance. Fish Physiology and Biochemistry. 48(3): 767–783.

Jahan, H., Ema, N. S., Hossain, M. S., Pervin, M. A., Akter, R. and 

Hossain, Z. 2020. Growth performance study of silver barb 

(Barbonymus gonionotus) by replacing fishmeal with soybean 

meal in the diet. Asian Journal of Medical and Biological 

Research. 6(2): 149–154.

Jahan, H., Tumpa, I. J., Qasem, W. A., Moniruzzaman, M., Pervin, M. 

A., Akter, R., Omri, A., Min, T. and Hossain, Z. 2021. Evaluation of 

the partial replacement of dietary fish meal with fermented or 

untreated soybean meal in juvenile silver barb, Barbonymus 

gonionotus. Frontiers in Nutrition. 8: 733402.

Jena, J., Das, P. C., Mondal, S. and Das, R. 2007. Compatibility of 

silver barb (  Bleeker) with Indian major Puntius gonionotus

carps in a grow-out polyculture. Aquaculture Research. 38(10): 

1061–1065.

Lellinger, D. B., Lumpkin, T. A. and Plucknett, D. L. 1983. Azolla as a 

green manure: Use and management in crop production. 

American Fern Journal. 73: 96.

Magouz, F. I., Dawood, M. A. O. and Salem, M. F. I. 2020. The 

effects of fish feed supplemented with  meal on the Azolla

growth performance, digestive enzyme activity, and health 

condition of genetically-improved farmed tilapia (Oreochromis 

niloticus). Annals of Animal Science. 20(3) : 1029-1045.

Manoppo, H. and Kolopita, M. E. F. 2016. The use of baker's yeast to 

promote growth of carp (  L.). International Cyprinus carpio

Journal of PharmTech Research. 9(9): 415–420.

microbial enumeration, enzyme activity profiling and instrumental 

colour measurement were not conducted, and a formal feed 

palatability trial was not incorporated, which limits mechanistic 

interpretation of the observed responses. Future studies should 

evaluate graded FAM replacement under pond conditions across 

seasons, incorporate microbial and enzymatic characterisation of 

the SSF process, assess economic feasibility of on-farm yeast 

fermentation, and examine longer-term effects on fish health and 

reproductive performance at the farm level in Northeast India.

Conclusion

Yeast solid-state fermentation of  meal reduced Azolla pinnata

tannin by 42% and phytic acid by 54%, and graded replacement of 

unfermented azolla meal with fermented azolla meal progressively 

improved all measured parameters in juvenile  over B. gonionotus

45 days under mid-hill conditions of Meghalaya. The 75% 

fermented azolla replacement level recorded the best SGR (1.16 ± 

0.07 %/ day), ADC-CP (83.47 ± .62%), FCR (2.08 ± 0.14), survival 

(93.33 ± 2.31 %), condition factor (2.11 ± 0.09) and muscle crude 

protein (16.91 ± 0.44 %), performing at par with 100% fermented 

azolla. Complete unfermented azolla produced the poorest results 

across all parameters.
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Introduction

The poultry industry is one of the fastest-growing sectors of 

livestock production, driven by the increasing demand for 

affordable, high-quality animal protein. However, rising costs of 

conventional feed ingredients viz., maize and soybean meal pose a 

major challenge to the profitability of broiler production, 

necessitating the exploration of cost-effective alternative feed 

resources.

Distillers dried grains solubles (DDGS) a by-product of the ethanol 

industry, gained attention as a potential feed ingredient due to its 

appreciable content of crude protein, energy and digestible amino 

acids (Fries-Craft and Bobeck, 2019). In India, damaged and 

surplus grains unsuitable for human consumption are increasingly 

utilized for ethanol production, enhancing DDGS availability. 

Among various types, rice distiller dried grains solubles (RDDGS) is 

abundant in Asian countries due to high rice production, with India 

producing about 135.76 million tonnes during 2022–23 (Ministry of 

Fisheries, Animal Husbandry and Dairying, 2023). Rice DDGS is a 

by-product of ethanol industry, where starch is fermented, leaving 

behind a nutrient-rich residue containing around 42-50% crude 

protein along with moderate fiber and fat levels (Singh et al., 2020, 

Dinani et al., 2022). Despite its nutritional value, the use of RDDGS 

in broiler diets is limited by non-starch polysaccharides (NSPs) and 

protein-fibre complexes that reduce nutrient digestibility. 

Supplementation with protease may improve protein utilization and 

nutrient availability, thereby enhancing the feeding value of 

RDDGS. Therefore, the present study evaluated the effect of 

including RDDGS at 12.5 and 15%, with or without protease, on 

growth performance and cost economics of broiler chickens.

Materials and Methods

Experimental birds and diets

A total of two hundred and forty (240), day old commercial broiler 

chicks were randomly (CRD) allocated to six treatment groups (T , 1

T , T , T , T  and T ), with four replicates of each containing 10 birds. 2 3 4 5 6

The experiment was carried out from day-old to 42 days of age in 

three phases (pre-starter, starter and finisher). Isocaloric and 

isonitrogenous experimental diets were formulated for broiler pre-

starter (0-7 days), starter (08-21 days) and finisher (22-42 days) 

phases as per the nutrient requirements of broilers (BIS, 2007) 

shown in Table 1. The basal diet (maize and soybean meal) was 

control (T ), while the other experimental diets consists of basal diet 1

with protease enzyme (T ), 12.5% RDDGS (T ), 12.5% RDDGS with 2 3

protease enzyme (T ), 15% RDDGS (T ) and 15% RDDGS with 4 5

protease enzyme (T ) respectively. The enzyme protease was 6

procured from Kemin Industries South Asia, Pvt. Ltd., Chennai 

marketed as KEMZYME® PROMACH 5; it was supplemented at a 

dose of 300 mg/kg. The nutrient composition of the experimental 

diets is presented in Table 2.   

Data collection 

The individual body weights of the birds were recorded at weekly 

intervals up to 6 weeks of age. From this average weekly body 

weight gain per bird was calculated in all the replica of the six 

treatments. Feed intake was recorded daily on a replicate-wise 

basis for each treatment. The feed conversion ratio (FCR) was 

calculated based on total feed intake and total body weight gain of 

each replicate. Metabolism trial was conducted during the last five  

days of the finisher phase, wherein two birds from each replicate 

(total eight birds per treatment) were randomly selected and 

housed in metabolic cages equipped with feeding and watering 

facilities. Birds were fed their respective experimental diets for five 

The present study was carried out to assess the effect of dietary inclusion of rice distillers dried 

grains solubles (RDDGS) with or without enzyme supplementation on growth performance and 

cost economics in broiler chickens. A total of two-hundred and forty (240), day-old commercial 

broiler chicks were randomly allocated into six dietary groups (T , T , T , T , T  and T ), each with 1 2 3 4 5 6

four replicates of 10 birds. The experimental diets included: T  (control diet with conventional 1

feed ingredients), T  (control diet with enzyme), T  (12.5% RDDGS), T  (12.5% RDDGS with 2 3 4

enzyme), T  (15% RDDGS) and T  (15% RDDGS with enzyme). The study was conducted over 42 5 6

days, with feed and water provided ad libitum. Results revealed that dietary inclusion of RDDGS 

with enzyme (T ) significantly (P<0.01) improved body weight gain during the starter (530.15 g) 4

and finisher (1717.10 g) phases as well as overall body weight gain (2335.91 g) compared to other 

treatments. Feed intake was lowest (P < 0.01) in birds fed 15% RDDGS, with or without enzyme, 

whereas feed conversion efficiency was better in birds fed 12.5% RDDGS with enzyme (T ). 4

Feed cost per kg live weight gain was significantly (P<0.01) reduced in T  (Rs. 58.44) compared 4

to the control group (Rs. 62.36). Based on the findings, it can be concluded that incorporating 

12.5% RDDGS with enzyme supplementation improves growth performance, nutrient utilization 

and cost efficiency in broiler chickens.

Keywords: Broiler chickens, RDDGS, growth performance, cost economics, protease.
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Table 3: Effect of dietary inclusion of rice distillers dried grains solubles (RDDGS) with or without enzyme on growth performance in 
broilers

T1 T2 T3 T4 T5 T6

abcdeValues bearing different superscripts in a same row differ significantly **(P < 0.01).

 Pre-starter  (0-7 days) 91.65±1.64 100.10±1.83 91.32±2.02 88.67±6.33 84.11±2.42 90.23±5.65

b b b a b b� Starter (8-21 days) ** 506.57 ±1.12 515.48 ±1.25 504.92 ±2.79 530.15 ±5.22 508.50 ±4.17 507.24 ±6.03

b b b a c c� Finisher (22-42 days) ** 1663.11 ±5.67 1664.06 ±3.66 1673.97 ±8.37 1717.10 ±7.45 1611.65 ±4.99 1618.55 ±3.30

c b b a d d� Overall (0-42 days) ** 2261.33 ±5.54 2279.63 ±3.19 2270.21 ±6.38 2335.91 ±7.49 2204.25 ±3.98 2216.01 ±4.03

 Pre-starter  (0-7 days) 95.25±0.74 97.41±1.94 100.70±1.88 94.99±5.16 92.81±2.90 99.10±5.34

� Starter (8-21 days) ** 705.99±1.30 711.92±4.20 688.53±7.94 701.96±10.15 703.55±3.85 681.38±11.46

b a b a c b� Finisher (22-42 days) ** 2936.82 ±8.49 2970.86 ±7.09 2936.59 ±6.69 2977.72 ±10.14 2908.48 ±8.34 2940.57 ±7.38

b a b a b b Overall (0-42 days) ** 3738.05 ±8.54 3780.19 ±3.48 3725.88 ±14.70 3774.67 ±17.07 3704.84 ±10.16 3721.05 ±13.25

b c a b a a Pre-starter (0-7 days) ** 1.04 ±0.014 0.97 ±0.026 1.10 ±0.004 1.08 ±0.022 1.10 ±0.017 1.10 ±0.024

a a a c a b Starter (8-21 days) ** 1.39 ±0.003 1.38 ±0.011 1.36 ±0.018 1.32 ±0.010 1.38 ±0.006 1.34 ±0.011

cd b d e ab a Finisher (22-42 days) ** 1.77 ±0.002 1.79 ±0.008 1.75 ±0.012 1.73 ±0.002 1.80 ±0.003 1.82 ±0.006

b b c d a a Overall (0-42 days) ** 1.65 ±0.001 1.66 ±0.003 1.64 ±0.010 1.62 ±0.005 1.68 ±0.001 1.67 ±0.004

a bc d d ab c Cost of feed per bird (Rs.)** 141.01 ±0.14 139.03 ±0.59 136.45 ±0.20 136.51 ±0.83 139.83 ±0.19 138.07 ±0.26

 Feed cost/kg live weight 

b c d e a b gain (Rs.)** 62.36 ±0.10 60.99 ±0.18 60.11 ±0.25 58.44 ±0.18 63.44 ±0.10 62.31 ±0.05

Parameter Phases

Body Weight 

Gain (g)

Feed 

Intake (g)

Feed 

Conversion

 Ratio

Cost 

Economics

Treatments

Feed Intake 

Feed intake (Table 3) was  highest (P<0.01) in broilers fed 12.5% 

RDDGS with enzyme (T ) or control diet with enzyme (T ), as 4 2

compared to control diet without enzyme (T ), 12.5% RDDGS 1

without enzyme (T ), 15% RDDGS with enzyme (T ) and 15% 3 6

RDDGS without enzyme (T ). The present results are in agreement 5

with the findings of Rao et al. (2016) who observed reduction in feed 

intake when 15% of RDDGS was fed to birds.  The results obtained 

by Dinani et al. (2022) are in agreement with the present findings, 

where feed intake was not significantly affected by RDDGS 

inclusion at 7.5, 10 and 12.5% with or without enzyme. Kumar et al. 

(2023) noted that higher levels of RDDGS may result in nutrient 

imbalances, further suppressing feed intake, also the fine texture 

and powdery nature of RDDGS, coupled with its residual ethanol 

odor and bitter taste, may have negatively impacted palatability.

Feed Conversion Ratio

The present results (Table 3) indicated feed conversion ratio was 

better (P < 0.01) in birds fed 12.5% RDDGS with enzyme (T ) 4

followed by 12.5% RDDGS without enzyme (T ) or control diet with 3

enzyme (T ) or control diet without enzyme (T ) , while lowest in 15% 2 1

RDDGS either with (T ) or without enzyme (T ). The present findings 6 5

are consistent with Dinani et al. (2022), who reported poorer feed 

conversion efficiency at 15% RDDGS compared to 12.5%, while 

enzyme supplementation (xylanase, protease and multienzyme) 

significantly (P<0.01) improved feed conversion ratio. Rao et al. 

(2016) found that including up to 10% RDDGS in broiler diets did not 

affect feed efficiency, but higher levels (15%) significantly reduced 

feed conversion ratio. The reduced feed conversion efficiency at 

higher levels of RDDGS may be due to lower lysine availability (Xue 

et al., 2012), over estimation of metabolizable energy and reduced 

bulk density of the diets (Wang et al., 2008)

Nutrient Retention

Incorporation of RDDGS with or without enzyme had no significant 

effect on DM, OM, EE and CF retention (Table 4). However, CP 

retention was significantly higher (P<0.01) in enzyme-

supplemented groups (T , T , T ). Similarly, ME retention differed 2 4 6

significantly (P<0.01), being highest in T  and T , moderate in T  and 4 2 6

lowest in non-enzyme supplemented groups (T , T  and T ). The 1 3 5

present results are in agreement with Butle (2024), who reported no 

significant effect on DM, EE, CF except higher CP metabolizability 

with protease supplemented RDDGS diets. Similarly, Dinani et al. 

(2022) and Kwak et al. (2024) observed improved nitrogen 

re ten t ion  and  energy  metabo l i zab i l i t y  w i th  enzyme 

supplementation, irrespective of RDDGS levels.

Table 4: Effect of dietary inclusion of rice distillers dried grains solubles (RDDGS) with or without enzyme on nutrient retention (%) 
in broilers

Parameter (%)Treatments

 T1 T2 T3 T4 T5 T6

DM 71.60±0.56 72.59±0.97 71.42±0.77 73.27±0.44 70.68±059 71.18±0.47

OM 76.31±0.41 77.18±0.96 76.44±0.64 77.42±0.49 75.62±0.54 76.06±0.63
c a c a c bCP ** 67.57 ±0.63 74.80 ±0.90 68.01 ±0.84 75.77 ±0.41 66.57 ±0.74 71.44 ±0.37

EE 78.36±0.64 77.80±0.93 76.97±0.62 77.39±0.63 76.02±0.39 76.14±0.38

CF 25.26±0.54 27.71±1.95 26.59±0.46 27.94±0.39 26.75±1.25 26.90±0.71
c a c a c bME** 74.61 ±0.37 77.54 ±0.23 74.47 ±0.50 78.19 ±0.44 73.88 ±0.65 76.65 ±0.49

abcValues bearing different superscripts in a same row differ significantly **(P < 0.01). DM=Dry Matter; OM=Organic Matter; CP=Crude Protein; 

EE=Ether Extract; CF=Crude Fiber; ME=Metabolizable Energy.
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Cost Economics 

The feed cost per kg live weight gain (Table 1) ranged from Rs. 

58.44 (T ) to Rs. 63.44 (T ). Broilers fed diets containing 12.5% 4 5

RDDGS with enzyme (Rs.58.44 in T ) had significantly (P < 0.01) 4

lower feed cost per kg live weight gain, followed by 12.5% RDDGS 

without enzyme (Rs.60.11 in T ), control diet with enzyme (60.99 in 3

T ), 15% RDDGS with enzyme (62.31 in T ) or control diet (62.36 in 2 6

T ), while the highest cost was recorded in 15% RDDGS without 1

enzyme (63.44 in T ). Feed cost per kg live weight gain decreased 5

by Rs. 0.88 and 2.35 in 12.5% RDDGS diets (with or without 

enzyme), while it increased by Rs. 2.45 and 1.32 in 15% RDDGS 

diets compared to control (T ). These findings agree with Dinani et 1

al. (2022), Gupta et al. (2019) and Khose et al. (2021), who also 

reported improved cost efficiency with RDDGS and enzyme 

supplementation. Based on the findings, it can be concluded that 

incorporating 12.5% RDDGS with enzyme supplementation 

improves growth performance, nutrient utilization and cost 

efficiency in broiler chickens.

Conclusion

Rice DDGS can be effectively used as a feed ingredient in broiler 

diets up to an inclusion level of 12.5% with enzyme 

supplementation without negatively affecting growth performance 

and nutrient utilization; however, increasing the inclusion level to 

15% resulted in poor performance either with or without protease 

enzyme.
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Efficient poultry production depends on the combined influence of 

high-quality genetics, optimal housing conditions and precisely 

balanced nutrition. In practical farming systems, broiler chickens 

are routinely subjected to multiple environmental challenges, 

among which heat stress (HS) has become one of the most serious 

concerns, particularly with the ongoing impacts of climate change 

(Abdel-Moneim et al., 2021). Exposure to elevated temperatures 

compromises growth performance, physiological functions and 

metabolic processes in broilers by impairing gut integrity, inducing 

oxidative stress and promoting epithelial injury and inflammatory 

responses (Lian et al., 2020). To counteract these adverse effects, 

several dietary interventions have been explored to improve bird 

adaptability and productivity under stressful conditions. Recently, 

postbiotics and organic selenium have attracted increasing interest 

owing to their enhanced bioavailability, strong antioxidant potential 

and ability to support birds during thermal stress.

The International Scientific Association of Probiotics and Prebiotics 

characterizes postbiotics as preparations comprising non-living 

microbial cells and/or their components that promote beneficial 

physiological effects in the host. (Salminen et al., 2021). These 

compounds demonstrate diverse functional properties, such as 

a n t i m i c r o b i a l ,  a n t i ox i d a n t ,  a n t i - i n f l a m m a t o r y  a n d 

immunomodulatory actions, along with hypocholesterolemic, 

antiproliferative, hepatoprotective and growth-enhancing effects, 

thereby supporting overall host wellbeing (Aguilar-Toala et al., 

2018).

Selenium (Se) is a vital micronutrient necessary for maintaining 

animal health and productivity, mainly through its role in antioxidant 

defense mechanisms that safeguard cells against free-radical-

induced damage (Prasad et al., 2023). Compared with inorganic 

forms, organic selenium exhibits superior absorption, higher tissue 

deposition and reduced toxicity (Liu et al., 2022). Therefore, the 

present investigation was undertaken to evaluate the individual and 

combined effects of postbiotic derived from Saccharomyces 

cerevisiae and organic selenium on immunity, biochemical 

constituents, antioxidant status, stress marker cortisol and cost 

economics in heat stressed broiler chickens.

Materials and Methods

The present trial was carried out, using 288-day-old broiler chicks 

initially weighing 45.13 ± 3g, were randomly distributed into 6 

experimental groups. Each group was housed in 8 replicate cages, 

with 6 birds accommodated in each cage. The feeding trial was 

undertaken for five weeks, encompassing 3 distinct phases: phase1  
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Heat stress is a major constraint to broiler productivity, impairing immunity, antioxidant status 

and overall performance. The present study sought to elucidate the individual and combined 

effects of a Saccharomyces cerevisiae–derived postbiotic and organic selenium on humoral 

immunity, serum biochemical profile, antioxidant enzymes, cortisol and cost economics in 

broiler chickens reared during summer conditions. A total of 288 day-old broiler chicks (45.13 

± 3 g) were equally and randomly distributed into six dietary regimens with eight replicates of 

six birds each for 35 days: T  (basal diet), T  (basal diet + 0.3 mg organic selenium/kg), T  1 2 3

(basal diet + 500 mg postbiotic/kg), T  (basal diet + 1000 mg postbiotic/kg), T  (basal diet + 0.3 4 5

mg organic selenium + 500 mg postbiotic/kg) and T  (basal diet + 0.3 mg organic selenium + 6

1000 mg postbiotic/kg). Humoral immunity was assessed by Newcastle disease 

hemagglutination inhibition titres, while serum biochemical parameters (total protein, 

albumin, globulin, (AG) ratio and cholesterol levels), antioxidant indices (Glutathione 

peroxidase, Glutathione reductase, Superoxide dismutase, Malondialdehyde) and cortisol 

were evaluated on days 21 and 35.Dietary supplementation significantly (P < 0.05) enhanced 

ND antibody titres, increased serum total protein and albumin, reduced cholesterol levels, 

improved antioxidant enzyme activities, decreased lipid peroxidation and lowered cortisol 

levels compared with the control. Combined supplementation (T5 and T6) produced the most 

pronounced improvements. Economic analysis revealed higher net profit per bird in 

supplemented groups, with the greatest return observed in T6, followed by T5.In conclusion, 

dietary inclusion of postbiotic and organic selenium, particularly in combination, effectively 

improved immune response, antioxidant status, stress resilience and profitability in broiler 

chickens during heat stress, indicating their potential as practical nutritional strategies for 

enhancing productivity during hot climatic conditions.
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(d1-14), phase2 (d15-28) and phase3 (d29-35). Dietary treatments 

were formulated based on a basal diet, with supplementation levels 

of Postbiotic (Celmanax®, Arm and Hammer Co., Ltd (USA)) and 

Organic selenium (AJ Supplements Private Limited, HYD) viz.T - 1

Control (Basal Diet), T  – BD + 0.3mg Organic selenium/kg diet, T – 2 3

BD + 500mg Postbiotic/kg diet, T – BD + 1000mg Postbiotic/kg diet, 4

T – BD + 0.3mg Organic selenium + 500mg Postbiotic/kg diet and 5

T – BD + 0.3mg Organic selenium + 1000mg Postbiotic/kg diet. The 6

experimental protocols and associated procedures were 

performed in accordance with established ethical guidelines and 

were reviewed and approved by the Institutional Animal Ethics 

Committee (17/30/C.V. Sc,Hyd, dated:11/06/2024) in accordance 

with the CPCSEA. All birds were housed in four-tier battery cages 

measuring 1.25 m × 0.80 m × 0.50 m (length × width × height). 

Throughout the experimental period, feed and fresh drinking water 

were provided ad libitum. The basal diets were formulated to meet 

the nutrient specifications recommended in the breeder 

management manual, thereby fulfilling the nutritional requirements 

of the birds.These diets were detailed in Table-1.

The research work was carried out in the Poultry Experimental 

Station, College of Veterinary Science, P. V. Narsimha Rao 
th Telangana Veterinary University, Hyderabad, Telangana from 16

thMay 2025 to 20  June 2025. Throughout the study, the average 

temperature fluctuated between 23.2 to 38.2°C. Similarly, the 

relative humidity during the experiment ranged from 25 to 65.2%. 

The average Temperature Humidity Index (THI) noted was 78.53 

during the experimental period.

Humoral Immunity: The influence of dietary supplementation with 

graded levels of postbiotic and organic selenium on the humoral 

immune response of broiler chickens was assessed by determining 

antibody titres against the Newcastle disease virus. Birds were 

immunized with the Lasota strain of Newcastle disease vaccine (ND 

Lasota Vac-1000; Ventri Biologicals, Pune, India) via the ocular 

route on days 7 and 28 of the experimental period. At 35 days of 

age, blood samples were collected, and serum was separated by 

centrifugation for immunological analysis. Serum antibody titres 

against NDV were quantified using the hemagglutination inhibition 

assay as described by Allan et al., (1978), and the results were 

expressed as log₂ HI titres.

Serum Analysis: Blood was aseptically collected from one bird per 

replicate on days 21 and 35 via the brachial vein. After clotting at 

room temperature, samples were centrifuged at 3000 rpm for 5 

minutes, and serum was stored at -20°C for analysis of antioxidants 

(glutathione peroxidase (Cat. No. E0298Ch), glutathione reductase 

(Cat. No. E029Ch), superoxide dismutase (Cat. No. E0295Ch) 

Malondialdehyde (Cat. No. E0171Ch), and cortisol (Cat. No. 

E009cC) determined using a commercial Enzyme-Linked 

Immunosorbent Assay (ELISA) kit, Bioassay Technology 

Laboratory, Jiaxing, Zhejiang, China. The biochemical parameters 

(total protein, albumin, globulin and cholesterol) were analysed 

according to Erba Mannheim kit protocol (TransAsia Bio-Medicals 

Limited, India).

Cost Economics: The economics of broiler production were 

evaluated using the following calculations:

Total feed cost per bird (Rs) = Total feed intake per bird (kg) × Feed 

cost (Rs/kg)

Total production cost per bird (Rs) = Total feed cost + Cost of day-
old chick + Miscellaneous cost

Cost of production per kg live body weight (Rs/kg) = Total 
production cost per bird ÷ Final live body weight (kg)

Sale value per bird (Rs) = Final live body weight (kg) × Market price 
of live broiler (Rs/kg)

Net profit per bird (Rs) = Sale value per bird − Total production cost 
per bird

Net profit per kg live body weight (Rs/kg) = Net profit per bird ÷ Final 
live body weight (kg)

Return on Investment % (ROI%) = 

Benefit:Cost (B:C) ratio = 

Statistical Analysis: All experimental data were subjected to 

statistical analysis using the General Linear Model procedure of the 

Statistical Package for the Social Sciences (Version 27.0). 

Treatment means were compared using Duncan's Multiple Range 

Test (Duncan, 1955). Biochemical and antioxidant variables were 

further analysed by two-way univariate analysis of variance 

following the procedures described by Snedecor and Cochran 

(1980). Differences among treatments were considered statistically 

significant at P< 0.05.

Results 

Dietary supplementation of postbiotic and organic selenium 

significantly (P<0.05) enhanced the humoral immune response in 

broiler chickens, as evidenced by higher Newcastle Disease (ND) 

hemagglutination inhibition (HI) titres (Table 2). The supplemented 

groups exhibited significantly higher antibody titres compared to 

the control group, indicating improved immune response following 

ND vaccination.

Dietary treatments significantly (P<0.05) affected serum total 

protein and cholesterol concentrations during the experimental 

period (Table 3), whereas the sampling period and diet × period 

interaction had no significant effect. Serum albumin concentration 

was significantly influenced (P<0.05) by dietary treatment and 

sampling period. However, serum globulin concentration and 

albumin:globulin (A/G) ratio were not significantly affected   

(P>0.05) at either 21 or 35 days, although numerically higher A/G 

ratios were observed in the supplemented groups.

Dietary supplementation with postbiotic and organic selenium 

significantly (P<0.05) influenced antioxidant enzyme activities in 

broiler chickens (Table 4). Glutathione peroxidase (GPx) activity 

was significantly affected by dietary treatment, sampling period, 

and their interaction (P<0.05). Glutathione reductase (GR) and 

superoxide dismutase (SOD) activities were significantly affected 

by dietary treatment and sampling period (P < 0.05), while their diet 

× per iod in teract ions were not  s igni f icant  (P>0.05) . 

Malondialdehyde levels were significantly reduced (P<0.05) in 

supplemented groups, whereas the effects of sampling period and 

diet × period interaction were not significant.

Dietary supplementation with postbiotic and organic selenium 

significantly (P<0.05) reduced serum cortisol concentrations in 

broiler chickens (Table 5). Sampling period also had a significant 

effect (P<0.05), whereas the diet × period interaction was not 

significant (P>0.05).

The economics of broiler production during the overall 

experimental period (0–35 days) are presented in Table 6. 

Supplementation with postbiotic and organic selenium improved 

net profit per bird compared with the control. The highest net profit 

was recorded in T6 (₹39.17), followed by T5 (₹37.35), T3 (₹36.71), T4 

(₹35.44), T2 (₹33.65), while the lowest profit was observed in T1 

(₹29.14).

Discussion

Newcastle Disease (ND) HI titre is a reliable indicator of humoral 

immune response and reflects the antibody production following 

vaccination. The higher antibody titres observed in the 

supplemented groups indicate enhanced immune competence 

due to dietary postbiotic and organic selenium supplementation. 
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These findings agree with those of Chang et al. (2022), Doski and 

Kareem (2023) and Soren et al. (2024) who also reported improved 

antibody responses following supplementation with postbiotics 

and organic selenium. The improvement may be attributed to 

enhanced immune cell function, improved intestinal health, and the 

antioxidant role of selenium, which protects immune cells against 

oxidative damage. However, Al-Sagheer et al. (2023) reported no 

significant effect of selenium, inactivated yeast, or their 

combination on immune function in heat-stressed rabbits, 

suggesting that responses may vary depending on animal species 

and experimental conditions.

The increased serum total protein and albumin concentrations 

observed in the supplemented groups suggest improved protein 

metabolism and liver function. The reduction in serum cholesterol 

may indicate improved lipid metabolism and enhanced 

physiological status. Similar observations were reported by Fang et 

al. (2024), Soren et al. (2024), and Monika et al. (2024), who found 

significant improvements in serum protein profile and reduced 

cholesterol concentrations following postbiotic supplementation. In 

contrast, Al-Sagheer et al. (2023) and Soren et al. (2024) observed 

no significant changes in serum total protein or albumin 

concentrations after supplementation with Saccharomyces 

cerevisiae fermentation products, indicating that responses may 

depend on dietary composition, environmental conditions, and 

supplementation level.

The improved GPx, GR, and SOD activities together with reduced 

lipid peroxidation demonstrate that dietary supplementation 

effectively enhanced the antioxidant defence system in broiler 

chickens. Organic selenium is an essential component of 

glutathione peroxidase, while postbiotics provide bioactive 

metabolites that enhance endogenous antioxidant capacity and 

reduce oxidative stress. These findings are consistent with those of 

Humam et al. (2021), Al-Sagheer et al. (2023), and Gul et al. (2023), 

who reported enhanced antioxidant enzyme activities in 

supplemented broilers exposed to heat stress. Conversely, Humam 

et al. (2020) reported no significant influence of postbiotic 

supplementation on SOD or GPx activity under heat stress, 

indicating that differences in postbiotic source, dosage, and 

environmental conditions may contribute to inconsistent 

responses.

The significant reduction in serum cortisol concentration observed 

in the supplemented groups indicates a lower physiological stress 

response. Selenium, through its antioxidant properties, and 

postbiotics, through modulation of gut health and immune function, 

likely reduced oxidative stress and activation of the hypothalamic-

pituitary-adrenal axis during heat stress. Similar findings were 

reported by Sun et al. (2021) and Abbas et al. (2022), who 

demonstrated that selenium-enriched yeast supplementation 

significantly reduced cortisol levels in heat-stressed birds. In 

contrast, Forder et al. (2024) observed no effect of Saccharomyces 

cerevisiae  extract supplementation on plasma cortisol 

concentration in breeder birds, suggesting that physiological 

responses may differ according to bird type, supplementation 

strategy, and production conditions.

The improved economic returns observed in the supplemented 

groups were primarily associated with enhanced growth 

performance, improved feed efficiency, better immune response, 

and reduced oxidative stress. The highest economic return 

recorded in the combined postbiotic and organic selenium 

treatment indicates that supplementation can be a cost-effective 

nutritional strategy for improving broiler productivity, particularly 

under heat stress conditions.

Conclusion

Dietary supplementation with postbiotic and organic selenium, 

particularly in combination, significantly enhanced immune 

response, antioxidant status and stress tolerance while improving 

economic returns in broiler chickens under heat stress, 

demonstrating their potential as effective nutritional strategies for 

sustainable broiler production.
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Table 1 - Diet ingredients and chemical composition of the basal control diet

Ingredient Pre-Starter (1-14 days) Starter (15-28 days) Finisher (29-35 days)

Maize 53.1 53.79 58.43

Oil-veg 2.74 4.30 5.00

Deoiled soybean meal 40.24 38.00 32.55

Salt 0.35 0.30 0.30

Dicalcium phosphate 1.8 1.90 2.00

Lime stone powder 1.2 1.20 1.20

DL-Methionine 0.15 0.15 0.13

L-lysine Hydrochloride 0.06 0.00 0.03

Choline chloride,75% 0.06 0.06 0.06
1Toxin binder  0.05 0.05 0.05

2Trace mineral mixture  0.15 0.15 0.15
3Vitamin premix  0.05 0.05 0.05

4Coccidiostat  0.05 0.05 0.05

Total 100 100 100

Nutrient composition DMB(%)
bMe , MJ/kg 12.49 12.95 13.32

aProtein , (% g) 23.01 22.03 20.00
bLysine , (%) 1.31 1.20 1.10

bMethionine (%) 0.50 0.49 0.45
aCalcium , (%) 0.97 1.00 1.02

aAvailable phosphorous , (%) 0.44 0.45 0.46

https://epubs.icar.org.in/index.php/IJAN/index
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 Treatment HI titre (log )2

b Standard diet 5.62
a OS-0.3mg/kg 7.00
ab PB-500mg 6.50
a PB-1000mg 6.87

a OS+500mg PB 7.13
a OS+1000mg PB 7.25

 N8SEM 0.15 

 P-value 0.02
a,bMeans with different superscript in a column differ significantly: (*P < 0.05)

P- value: probability value. N: number of replicates (6 birds in each replicate); SEM: Standard Error Mean

SD: Standard diet; OS-0.3mg/kg: standard diet + 0.3mg organic selenium/kg diet; PB-500mg: standard diet + 500mg postbiotic/kg diet; PB-1000mg: 

standard diet + 1000mg postbiotic/kg diet; OS+500mg PB: standard diet + 0.3mg organic selenium/kg diet +500mg postbiotic/kg diet; OS+1000mg PB: 

standard diet + 0.3mg organic selenium/kg diet +1000mg postbiotic/kg diet.

Table 2 -Individual and Combined Effects of dietary supplementation ofPostbiotic and Organic selenium on ND titration(log ) in 2

broiler chicken during summer.

Table 3 - Individual and Combined Effects of dietary supplementation of Postbiotic and Organic selenium on Biochemical 

constituents in broiler chicken during summer. 
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1. Five gram of toxin binder provided per kg diet: Acetic acid 2mg, Formic acid 2mg, propionic acid 2mg, citric acid 2mg, Benzoic acid 1mg, Sorbic acid 

0.25 mg, HSCAS 9.1mg. 

2. Each gram of trace mineral mixture provided per kg diet: Manganese 1.1 mg, Zinc 1mg, Iron 110mg, Copper 20mg, Iodine 2.5mg, Cobalt 1mg, Chromium 

0.4mg and Selenium 1.5mg 

3. Vitamin pre-mix provided per kg diet: Riboflavin 25mg, Vitamin B1 1mg, Vitamin B6 2mg, Vitamin B12 40mg, Niacin 15mg, Vitamin A 20000 IU, Vitamin 

D3 3000 IU, Vitamin K 2mg 

4. Five gram of coccidiostat provided per kg diet: Maduramicin 5 mg
a bDMB, dry matter basis Analysed value, calculated value

Parameters Total protein (g/dL) Albumin (g/dL) Globulin (g/dL) AG ratio Cholesterol (g/dL)

Treatments
c c aStandard diet 4.29  2.18  2.11 1.04 141.00
b bc abOS-0.3mg/kg 4.49  2.27  2.22 1.07 135.89
bc ab abcPB-500mg/kg 4.46  2.40  2.06 1.18 130.62
b ab bcPB-1000mg/kg 4.50  2.42  2.08 1.25 127.78
a a cOS+PB-500mg/kg 4.69  2.51  2.18 1.17 122.87
a a cOS+PB-1000mg/kg 4.77  2.57  2.21 1.20 123.39

SEM 0.05 0.06 0.08 0.06 5.38

p- value 0.001 0.001 0.61 0.26 0.01

Day
st y21  day 4.51 2.31  2.19 1.07 130.77
th x35  day 4.57 2.40  2.09 1.23 130.05

SEM 0.07 0.09 0.11 0.07 2.32

p-value 0.29 0.001 0.09 0.09 0.77

Treatmentx Day 0.93 0.72 0.93 0.95 1.00

a,b,c,x,yMeans with different superscript in a column differ significantly: (*P < 0.05)

P- value: probability value. N: number of replicates (6 birds in each replicate); SEM: Standard Error Mean

SD: Standard diet; OS-0.3mg/kg: standard diet + 0.3mg organic selenium/kg diet; PB-500mg: standard diet + 500mg postbiotic/kg diet; PB-1000mg: standard 

diet + 1000mg postbiotic/kg diet; OS+500mg PB: standard diet + 0.3mg organic selenium/kg diet +500mg postbiotic/kg diet; OS+1000mg PB: standard diet + 

0.3mg organic selenium/kg diet +1000mg postbiotic/kg diet

Table 4 - Individual and Combined Effects of dietary supplementation of Postbiotic and Organic selenium on Antioxidant status in 

broiler chicken during summer. 

Parameters 

Treatments
c c c aStandard diet 2.94  2.93  1.59  4.01
ab ab ab bOS-0.3mg/kg 5.44  3.91  2.96  2.29
b bc b bPB-500mg 4.69  3.35  2.49  2.52
ab bc ab bPB-1000mg 4.99  3.59  2.99  2.47
a ab a bOS+500mg PB 5.53  4.15  3.33  2.23
a a a bOS+1000mg PB 5.73  4.46  3.46  2.18

Glutathione 
peroxidase (ng/mL) 

Glutathione 
reductase (ng/mL)

Superoxide 
dismutase (ng/mL)

Malondialdehyde 
(nmol/mL)

Sagi Raju et al doi.org/10.56093/ijan.v43i2.175891 
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a,b,c,x,yMeans with different superscript in a column differ significantly: (*P < 0.05)

P- value: probability value. N: number of replicates (6 birds in each replicate); SEM: Standard Error Mean

SD: Standard diet; OS-0.3mg/kg: standard diet + 0.3mg organic selenium/kg diet; PB-500mg: standard diet + 500mg postbiotic/kg diet; PB-1000mg: standard 

diet + 1000mg postbiotic/kg diet; OS+500mg PB: standard diet + 0.3mg organic selenium/kg diet +500mg postbiotic/kg diet; OS+1000mg PB: standard diet + 

0.3mg organic selenium/kg diet +1000mg postbiotic/kg diet

Sagi Raju et al

Table 6 Cost of production during overall experimental period (0 – 35 days) of broiler chickens during summer.

Table 5 - Individual and Combined Effects of dietary supplementation of Postbiotic and Organic selenium on Cortisol levels in 

broiler chicken during summer. 

 Parameters Cortisol(ng/mL)

Treatment
a Standard diet 8.25
b OS-0.3mg/kg 4.04
b PB-500mg 4.93
b PB-1000mg 4.33
b OS+500mg PB 3.83
b OS+1000mg PB 3.46

 SEM 0.48

 p- value 0.001

Period
st x 21  day 5.25
th y 35  day 4.36

 SEM 0.37

 p-value 0.04

 TreatmentxDay 0.94

a,b,c,x,yMeans with different superscript in a column differ significantly: (*P < 0.05)

P- value: probability value. N: number of replicates (6 birds in each replicate); SEM: Standard Error Mean

SD: Standard diet; OS-0.3mg/kg: standard diet + 0.3mg organic selenium/kg diet; PB-500mg: standard diet + 500mg postbiotic/kg diet; PB-1000mg: standard 

diet + 1000mg postbiotic/kg diet; OS+500mg PB: standard diet + 0.3mg organic selenium/kg diet +500mg postbiotic/kg diet; OS+1000mg PB: standard diet + 

0.3mg organic selenium/kg diet +1000mg postbiotic/kg diet

SEM 0.28 1.04 0.20 0.17

p- value 0.001 0.001 0.001 0.001

Day
st y y y21  day 4.63  3.49  2.45  2.803

th x x x5  day 5.15  4.29  3.16  1.92

SEM 0.21 0.15 0.14 0.22

p-value 0.02 0.001 0.001 0.06

TreatmentxDay 0.04 0.46 0.79 0.92

SD: Standard diet; OS-0.3mg/kg: standard diet + 0.3mg organic selenium/kg diet; PB-500mg: standard diet + 500mg postbiotic/kg diet; PB-1000mg: 

standard diet + 1000mg postbiotic/kg diet; OS+500mg PB: standard diet + 0.3mg organic selenium/kg diet +500mg postbiotic/kg diet; OS+1000mg PB: 

standard diet + 0.3mg organic selenium/kg diet +1000mg postbiotic/kg diet

Particulars
Treatments

Control 0.3mg OS 500mg PB 1000mg PB 0.3mg OS + 
500mg PB

0.3mg OS + 
1000mg PB

Live body weight (g) 1940 2076 2034 2057 2101 2127

Total FI/bird (g) (0-35 days) 2782 2909 2877 2875 2940 2944

Cost of feed/kg (Rs) 40 40.0001 40.15 40.30 40.1501 40.3301

Cost of day-old chick(Rs) 35 35 35 35 35 35

Miscellaneous cost/bird (Rs) 5 5 5 5 5 5

Total feed cost, Rs/bird 111.28 116.36 115.51 115.86 118.04 118.64

Total cost, Rs/bird 151.28 156.36 159.53 155.86 158.04 158.64

Total cost, Rs/Kg bird 77.97 75.317 76.46 75.77 75.22 74.59

Sale of each bird (Rs) 180.42 193.068 189.16 191.30 195.39 197.81

Net profit /bird (Rs) 29.14 36.708 33.65 35.44 37.35 39.17

Net profit/kg b. wt. (Rs) 15.02 17.68 16.54 17.23 17.78 18.41

ROI% 19.26 23.48 21.09 22.74 23.63 24.69

B:C Ratio 1.19 1.23 1.18 1.23 1.24 1.25

doi.org/10.56093/ijan.v43i2.175891 



Introduction

Energy concentrates are feedstuffs of high calorific density and 

relatively low in other nutrients. While this term may refer to single-

grain ingredients such as maize, barley, and wheat, it also 

describes energy blends and premixes offered as value-added 

products tailored to balance forage or protein feeds (Onche et al., 

2025). Combined with commercial high-protein concentrates, it 

creates a complete feed (Adeleye and Ojeniyi, 2023). Calorie-

dense feedstuffs such as cassava (Manihot esculenta L. Crantz) 

and sweet potato (Ipomoea batatas) tubers could also be 

harnessed to create energy concentrate blends. Despite the year-

round availability of sweet potato and its comparable metabolizable 

energy to maize (Pandi et al., 2016; Woolfe, 1992), its use in poultry 

diets is constrained by high moisture content, which advances 

spoilage. Sweetpotato roots also contain trypsin inhibitors (Pandi et 

al., 2016), reducing sugars (Woolfe, 1992), soluble fibre, and 

ipomoein, its major soluble protein, all of which impair its 

digestibility and may elicit a laxative effect in chickens (Dominguez, 

1991; Varon et al., 1989). These constraints to sweetpotato use in 

poultry feeding may be alleviated by extrusion processing. 

The structural reorganization and physicochemical changes that 

occur in the process of extrusion cooking induce starch 

gelatinization, protein denaturation, fibre modification, and 

inactivation of anti-nutritional factors (Ali et al., 2024; Adeleye et al., 

2020a, 2020b; Roye et al., 2020). The resultant effect of extrusion 

conditions on physicochemical and nutritional properties of foods 

is somewhat complex as intrinsic properties of the ingredient or 

blends, such as amylose-amylopectin ratio, fibre, protein, and lipid 

content,  interact with processing variables- barrel temperature, 

moisture, screw speed, and pressure- to collectively affect 

outcomes (Ali et al., 2024). The characteristic composition of 

individual ingredients in blended products also influences how 

extrusion cooking conditions affect their nutritional and 

physicochemical indices. Blending cereals with legumes or other 

fibres often increases SDS and lowers in vitro estimated Glycemic 

Index (GI)  after extrusion (Wani et al., 2021), while purely starchy 

ingredients show marked GI increases under similar conditions 

(Adeleye et al., 2020b). The GI-lowering ability of extruded cereal-

legume or cereal-fibre blends could be due to physical entrapment 

of starch granules by dietary fibre (Zhang et al., 2022), formation of 

amylose-lipid and starch-protein complexes (Altan et al., 2009), 

and/or increasing soluble fibre fractions (Khalid et al., 2022) that 

slow gastric emptying and starch hydrolysis (Fujiwara, et al., 2017). 

These processes limit the accessibility of digestive enzymes to 

starch, reducing the rate at which glucose is released into the 

bloodstream. 

Riding on these desirable benefits of extrusion, the potential of the 

extrusion process to modify “glycaemic response dynamicsˮ is 

crucial in nutritional studies (Zhao et al., 2024). While three 

independent pathways; prandial  intestinal absorption, 

glycogenolysis, and gluconeogenesis- contribute to blood glucose 

concentrations, postprandial glycaemic concentrations primarily 

reflect glucose absorption from recent meals (Khan, 2001; Zebda et 

al., 2018). Kinetic indices derived from modeling glucose 

concentration-time data also reveal how rapidly glucose becomes 

available, how much glucose is supplied, how sustained the supply 

is, and how glucose/glucose precursors may interact with other 

nutrients (Huang et al., 2025). These kinetic features are highly 

relevant for animal performance, metabolic health, and developing 

formulation strategies. In the present study, we investigate the 

extent to which extrusion cooking × cereal bran combinations will 

alter glycaemic response dynamics in cockerels fed sweet potato-

bran concentrates.

https://epubs.icar.org.in/index.php/IJAN/indexIndian Journal of Animal Nutrition (IJAN) - Open Access 

Research Article  

This study investigated extruded sweetpotato–bran energy concentrates in cockerels, emphasizing 

the effect of extrusion temperature and bran type on postprandial glycaemic dynamics. Sweetpotato 

roots were enriched with corn bran (SP-CB), rice bran (SP-RB), and wheat bran (SP-WB) and 

extruded at 80 °C, 100 °C, and 120 °C to create energy concentrates. Diets containing raw or 

extruded concentrates were fed alongside a reference diet to 8 cockerels each for 20 minutes, and 

blood glucose was obtained preprandial, plus 30, 60, 90, 120, 180, and 300 minutes postprandial per 

cockerel. Non-compartmental and one-compartment oral absorption models were applied to 

glucose concentration–time data obtained. The glucose absorption rate constant, Ka, absorption 

and elimination rate constant half-lives, t1/2Ka and t1/2K10, hydrolysis index, HI, and glycaemic 

index, GI, were recorded. Increasing extrusion temperature accelerated glucose absorption (p < 

0.05) but, at the highest temperature (120 °C), tended to reduce total glucose exposure, AUC₀–t, in 

rice and corn-bran diets, suggesting retrogradation and restricted enzyme accessibility. 

Conversely, wheat-bran blends extruded at 120 °C exhibited elevated AUC₀–t, alluding to 

temperature-dependent modulation of fibre–starch interactions. Overall, rice bran enrichment 

produced the most consistent lowering of glycaemic indices. These results underscore the potential 

of extrusion and bran enrichment to control starch digestibility and glycaemic release in 

sweetpotato-based poultry diets and support the use of postprandial glycaemic response dynamics 

as a functional tool in poultry nutrition research.

Keywords: High-temperature short-time extrusion cooking, Glycaemic index, Resistant starch, 

Kinetic modeling, Bran enrichment
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with corn bran or rice bran at a ratio of 3:2, and with wheat bran at a 

ratio of 7:3 (Table 1). Extrudates were prepared as described by 

Adeleye and Ojeniyi (2023), with slight modifications. The sweet 

potato-bran blends were adjusted to 30% moisture content and fed 

into a single-screw industrial extruder. Extruder characteristics 

were screw length-to-diameter (L/D) ratio, 6:1, barrel length, 

317.5mm, screw speed: 305rpm, die diameter: 8mm, feed rate: 33.6 

kg/h, and extrusion temperatures were 80, 100 and 120 °C. The 

extrudates were again dried in a forced-air oven at 50 °C until 

constant weight was attained.

Materials and methods

Development of sweet-potato-bran energy 
concentrates and diets

White-fleshed sweet potato (Ipomoea batatas) roots were obtained 

from the open market, and cereal brans- corn, rice, and wheat- 

from reputable feed stockists. Sweet potato roots were washed to 

remove sand and debris, chipped, and dried in a forced-air oven at 
o60 C until constant weight was attained. The sweet potato chips 

and brans were then milled to obtain a fine texture. Sweetpotato-

bran energy concentrates were created by blending sweet potato 

Table 1. Calculated and analyzed composition of the un-extruded sweet potato-bran energy concentrates: sweet potato-corn bran, 

(SP-CB) sweet potato-rice bran ( SP-RB)  and sweet potato-wheat bran (SP-WB).

SP-CB: sweet potato-corn bran, SP-RB: sweet potato-rice bran, SP-WB: sweet potato-wheat bran

 SP-CB SP-RB  SP-WB

 3:2  3:2  7:3

Calculated nutrients   

Crude protein, % 6.17 8.44 7.30

Sugars, % 4.78 5.00 6.05

Starch + sugars, % 54.47 53.98 55.13

Crude fibre, % 5.56 5.70 4.89

Calcium, % 0.11 0.16 0.16

Phosphorus, % 0.27 0.78 0.43

Non-phytate phosphorus, % 0.08 0.31 0.19

Lysine, % - - -

Digestible lysine, % 0.11 0.20 0.16

Methionine, % - - -

Digestible methionine, % 0.08 0.11 0.07

Digestible methionine + cysteine, % 0.13 0.18 0.13

Digestible threonine, % 0.12 0.16 0.13

Analyzed composition   

Gross energy, kcal/g DM   

Dry matter, % 91.05 88.00 90.00

Crude protein, % 6.00 6.00 5.65

Ether extract, % 4.90 4.50 4.70

Crude fibre, % 3.80 11.50 11.45

Carbohydrates (calculated as nitrogen free extract, %) 66.85 59.08 64.80

Ash, % 9.50 7.50 3.40

Experimental Animals Management

In three different assays, cockerels (n=40) with a weight/bird of 2.15 

± 0.28 kg were obtained from a research flock and used to 

investigate postprandial glycaemic response to extrusion 

temperatures per sweetpotato + cereal bran combination. 

Cockerels were pre-tagged for individual identification and housed 

in metabolic cages, 120cm × 69cm × 85cm, 2 birds per cage and 4 

cages per treatment. Cages were equipped with feeding troughs 

and nipple drinkers and placed in an open-sided house with natural 

ventilation and lighting (14L: 10D). 

Diets and glycaemic response dynamics 
study

In three independent assays, combinations of sweet potato+ bran 

energy concentrates; sweet potato-corn bran (SP-CB), 

sweetpotato-rice bran (SP-RB), or sweet potato-wheat bran (SP-

WB) (Table 2), were assessed. Feed was withdrawn 12 hours 

proceeding, with ad libitum water to ensure thorough emptying of 

the gastrointestinal tract. At commencement of the study, 

preprandial glucose values were obtained by glucometry 

(ACCUCHEK active, Roche Diagnostics GmbH, Mammheim, 

Germany) in a “prick glucose testˮ which involved applying a lancet 

to the wing vein and obtaining 20-50µL of blood via a capillary tube. 

Birds in four cages (n=8) were offered the diets for 20 minutes, and 

blood glucose values were again obtained at 30, 60, 90, 120, 180, 

and 300 minutes postprandial. 

Calculations and Statistical Analysis

Concentration-time curves were analyzed by non-compartmental 

analysis and fitted with a one-compartment oral absorption model 

(Bateman function) using PK Solver 2.0 (Zhang et al., 2010).

The hydrolysis index, HI, of each sweet potato-bran energy 

concentrate was obtained per bird, calculated as the ratio of the 

area under the glucose concentration-time curve of the bird on the 

Adeleya et al
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postprandial except for SP-RB at 30 minutes (p=0.08) and SP-WB at 

300 minutes (p=0.01) where glucose concentration was higher in 

cockerels on the reference diet.

Table 3 shows the effect of extrusion cooking temperatures on 

indices of glycaemic dynamics in matured cockerels fed sweet 

potato-corn bran (SP-CB), sweet potato-wheat bran (SP-WB) and 

sweet potato-rice bran (SP-RB), energy concentrates. Parameters 

of interest estimated from the compartmental analysis of the 

postprandial glucose concentration-time curve include the peak 

glucose concentration in the blood, C ,  time taken for blood max

concentration to reach the peak, T , and area under the glucose max

concentration-time curve, AUC  which is considered the observed 0-t

systemic glucose exposure over the study period, i.e. 300 mins 
opostprandial. C  peaked in cockerels offered the 100 C extruded max

SP-CB diet, declined with increasing extrusion temperatures in 

cockerels on the extruded SP-RB diets (p < 0.05) while remaining 

unaffected by extrusion in cockerels fed the SP-WB diets. 

Conversely, T  decreased with increasing extrusion temperatures max

o(p < 0.05) in cockerels offered the 120 C extruded SP-CB (0.36h), 

SP-RB (0.40h), and SP-WB (0.35h) diets. The AUC  estimate was 0-t

not impacted by lower extrusion temperatures, i.e., 80 and 100 °C, 

in cockerels fed the SP-WB and SP-RB diets but significantly 

peaked in the cockerels fed the 120 °C SP-WB diet (9.69 mg/mL*h, 

p < 0.05). Conversely, AUC  estimate was lowest in cockerels fed 0-t

the 120 °C SP-RB diet (8.99 mg/mL*h, p < 0.05). Cockerels fed the 

raw, 80 °C, and 120 °C extrudate SP-CB diets showed similar AUC  0-t

estimate with the highest AUC  estimate recorded in cockerels on 0-t

the 100 °C extrudate diet (10.29 mg/mL*h, p < 0.05). 

The first-order rate constants, absorption rate constant (K ) and the a

elimination rate constant (K ) reflect how quickly glucose enters the 10

systemic circulation of the cockerels after feeding extruded sweet 

potato–bran diets, and how it is eliminated from circulation through 

metabolic use, tissue uptake, or excretion. K  estimates steadily a

increased with increasing extrusion temperature, peaking at 120°C 

for SP-CB. Similarly, K  estimates for SP-RB and SP-WB peaked at a

120°C (p < 0.05); however, K  was unaffected by extrusion of SP-RB a

at 80 and 100°C and extrusion of SP-WB at 100°C. However, there 

were no significant effects of SP-RB extrusion at lower 
otemperatures (i.e. 80 and 100 C) on K  estimates, as they were a

similar to K  estimates from cockerels fed the unextruded SP-RB a

diets. Cockerels fed the SP-WB diet with 120 °C extrudates also 

showed similar K  estimates (p > 0.05) with the 80 °C extrudates a

group. The K  remained unaffected by extrusion temperature in 10

cockerels fed the SP-RB and SP-WB diets, while decreasing with 

increasing extrusion temperature (p < 0.05) in cockerels fed the SP-

CB diets. Conversely, the absorption half-life ( K ) and the t1/2 a

elimination half-life ( K ) represent the time required for half of the t1/2 10

test diet to the area under the glucose concentration-time curve of 

the bird on the reference diet. The glycaemic index (GI) was 

calculated by the equation of Goñi et al. (1997).

"Glycaemic index (GI) = 39.71+(0.549 * HI)" 

One-way analysis of variance, ANOVA, comparisons was 

conducted to assess the effect of extrusion cooking temperature 

within each sweet potato-bran energy concentrate using SPSS. 

Results

Figure 1 shows the postprandial glucose concentration-time curves 

of matured cockerels fed sweet potato-corn bran (SP-CB), sweet 

potato-wheat bran (SP-WB), and sweet potato-rice bran (SP-RB), 

energy concentrates. Extrusion cooking had no significant effect on 

glucose concentrations of the cockerels from 30-300 minutes 

SP-CB: sweet potato-corn bran, SP-RB: sweet potato-rice bran, SP-WB: sweet potato-wheat bran

  Reference diet SP-CB diet SP-RB diet SP-WB diet

  Raw 80°C  100°C 120°C Raw 80°C  100°C 120°C Raw 80°C  100°C 120°C

Ingredients              

Glucose monohydrate 48.50 - - - - - - - - - - - -

Fibre concentrate, 66% CF 3.50 - - - - - - - - - - - -

Fish meal, 72% CP 8.00 - - - - - - - - - - - -

Soy oil  - 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Protein concentrate, 30% CP 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.0040.00 40.00 40.00

Sweet potato + cereal bran concentrate  - 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00

  100 100 100 100 100 100 100 100 100 100 100 100 100

Table 2. Gross composition of experimental diets used in this study

Figure 1(A-C). The effect of extrusion cooking temperature (80- 120 °C) 
on postprandial glucose concentration-time curves of matured 
cockerels fed the sweet potato-bran energy concentrates; SP-CB 
(sweet potato-corn bran), SP-RB (sweet potato-rice bran), SP-WB 
(sweet potato-wheat bran), Raw- unextruded sweet potato-bran 
treatments. n=8

Adeleya et al
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The peak elimination half-life ( K ) was attained at 66.10h, 45.86h, t1/2 10

and 31.31h in cockerels fed the SP-CB, SP-RB, and SP-WB diets 

containing 80 °C extrudates, while extrusion at 120 °C did not 

impact K differently from the control (p > 0.05). t1/2 10

The hydrolysis index, HI, and glycaemic index (GI) values were 

highest in cockerels fed the diets containing SP-CB and SP-WB 

extruded at 100°C (p < 0.05). At the same time, extrusion cooking 

significantly lowered HI and GI in cockerels fed the SP-RB diets. 

orally administered dose of glucose or glucose precursors in the 

sweet potato-bran diets to be absorbed from the gastrointestinal 

tract into systemic circulation, and the time required for blood 

glucose concentration to decrease by half owing to metabolic 

utilization or excretion. Absorption half-life ( K ) was unaffected by t1/2 a

extrusion at lower temperatures, i.e., 80 and 100 °C in cockerels fed 

the SP-RB and SP-WB diets and was lowest in the 120 °C extrudate 

diet. However, K decreased progressively with increasing t1/2 a 

extrusion temperature (0.15 h > 0.09 h > 0.03 h, p < 0.05), indicating 

a faster glucose absorption rate at higher processing temperatures. 

  Extrusion temperature 

Parameters Raw 80°C 100°C 120°C SEM

Sweet potato – corn bran, SP-CB
ab a b cT  , h 0.99  1.12  0.73  0.36  0.13max

ab b a bC  , mg/ml 2.17  2.07  2.29  2.07  0.04max

b b a bAUC  , mg/ml*h 9.73  9.52  10.29  9.43  0.150-t

c b b aK  , 1/h 10.63  16.01  17.38  29.09  3.66a

a c b cK  , 1/h 0.07  0.03  0.04  0.03  0.0010

a a b ct k  , h 0.16  0.15  0.09  0.03  0.201/2 a

c a b ct  k , h 16.14  66.10  39.46  14.29  10.241/2 10

b b a bHI 1.98  1.25  3.09  1.13  0.47
b b a bGI 40.80  40.40  41.41  40.33  0.26

Sweet potato – Rice bran, SP-RB
b a b cT  , h 0.65  0.81  0.72  0.40  0.09max

a b ab bC , mg/ml 2.10  2.03  2.06  2.03  0.03max

a a a bAUC  , mg/ml*h 9.43  9.50  9.58  8.99  0.120-t

b b b aK  , 1/h 15.46  13.56  13.48  32.58  3.63a

K  , 1/h 0.05 0.03 0.03 0.03 0.0110

a a a bt k  , h 0.09  0.11  0.09  0.04  0.011/2 a

b a a bt  k , h 24.94  45.86  45.91  11.55  7.581/2 10

a a b bHI 1.05  1.04  0.46  0.67  0.20
a a c bGI 40.29  40.28  39.96  40.08  0.11

Sweet potato – Wheat bran, SP-WB
a b a cT  , h 0.78  0.53  0.76  0.35  0.11max

C , mg/ml 2.12 2.04 2.08 2.30 0.59max

b c c aAUC  , mg/ml*h 9.51  9.37  9.38  9.69  0.120-t

c b c aK  , 1/h 15.60  29.79  18.74  34.58  3.98a

K  , 1/h 0.04 0.03 0.04 0.03 0.0110

a a a bt k  , h 0.10  0.07  0.10  0.02  0.021/2 a

b a ab bt  k , h 22.27  31.31  24.64  18.60  3.821/2 10

b b a bHI 1.51  1.27  1.92  1.37  0.31
b b a bGI 40.54  40.41  40.77  40.46  0.17

Means with different superscripts along the row differ significantly (p<0.05)

T  = time taken for blood glucose concentration to reach the peak, C  = peak glucose concentration in the blood, AUC  = area under the max max 0-t

glucose concentration-time curve, K  = absorption rate constant, K  = elimination rate constant, t k   = absorption rate half-life, a 10 1/2 a

t  k  = elimination rate half-life1/2 10

Table 3. The effect of extrusion cooking temperature on indices of glycaemic response kinetics in matured cockerels fed the sweet 

potato-bran energy concentrates

Discussion

Monogastric animal production benefits from extrusion technology 

because it improves feed texture, digestibility, and palatability; 

however, incorporating extruded high-starch ingredients at high 

levels in diets tends to accelerate glucose release, disrupting 

glucose and amino acid release patterns (Zhao et al., 2024). Non-

starch feed components, particularly fibre, stall glycaemic and 

insulin spikes that arise from high dietary concentrations of rapidly 

digesting starch, RDS, which are often observed in extruded diets 

(Tu et al., 2025). This study aimed to develop value-added sweet 

potato-based energy concentrates to balance commercial protein 
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starch digestion and estimated glycaemic index (Oladiran and 

Emmambux, 2017; Renoldi et al., 2021). This was attributed to an 

extrusion-induced conversion of insoluble arabinoxylans in wheat 

bran to soluble fibres, which increase viscosity and reduce 

postprandial glucose response (Renoldi et al., 2021). Also Yadav et 

al. (2009) described the low solubility of rice bran and its inability to 

achieve proper expansion and texture during extrusion as a 

plausible cause.

Conclusion�

Postprandial glycaemic response kinetics in cockerels provide a 

dynamic and mechanistic measure of starch digestibility, reflecting 

how extrusion-induced modifications in the sweet potato–bran 

matrix alter glucose availability. The findings reveal that extrusion 

temperature and bran type modulate glucose absorption and 

clearance rates, with rice bran showing the greatest glycaemic 

moderation. Elevated extrusion temperatures accelerate starch 

gelatinization and glucose appearance but may simultaneously 

promote retrogradation and resistant starch formation, thereby 

reducing total glycaemic exposure. Integrating postprandial 

glycaemic kinetics into poultry nutrition and feed processing 

research offers a framework for a deeper understanding of how 

ingredient composition and processing conditions influence 

nutrient synchronization and metabolic energy utilization. 

Quantitative indices derived from kinetic modelling tools similar to 

PKSolver enable more precise synchronization of energy–amino 

acid metabolism to support feed efficiency in poultry.
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Introduction

Dairy farming serves as a vital income-generating activity, offering 

both employment opportunities and financial support to rural 

households. Livestock not only contributes to food and nutritional 

security for mankind but also plays an important role in utilization of 

non-edible agricultural byproducts. Milk production increased from 

198.4 million tonnes in 2020 to 247.87 million tonnes during 2024-

25 registering a growth of 3.58 % (BAHS 2025). Percapita 

availability of milk has sharply increased from 485 gm per day in 

2025 (BAHS 2025). Sakthivel (2017) in a study reported that income 

from livestock rearing was the major contributor to rural 

household's income accounting for more than 50 % of the gross 

income for more than 60 percent of the households. Productive and 

reproductive performance of dairy cattle is mainly dependent on 

their nutritional status. The feeds alone contribute about 65 to 70% 

of the total cost of production. Animals are malnourished 

particularly with regards to micronutrients owing to lack of 

awareness among dairy farmers and lack of available information 

on micro and macro mineral status of soil, feed and dairy animals. A 

majority of the cattle owners do not prefer to feed commercial feeds 

because of higher cost. Due to variation in the dietary concentration 

owing to availability, season, location, the formulation of area wise 

mineral mixture becomes necessary. It is also observed that inspite 

of feeding liberally, the productivity is not achieved upto a desirable 

level. One of the reasons for this is the gap between availability of 

nutrients in the feedstuff and the requirements of nutrients by the 

animals.

Punjab is also a leading player in milk production in the country 

producing, 13.9 million tonnes of milk, of the total milk production in 

country which stands at 239.3 million tonnes (National Dairy 

Development Report 2023-2024). The scientific knowledge 

imparted through training, is crucial for the success of any 

enterprise. Dissemination of information on the latest 

developments in animal husbandry is necessary to support 

decision making capacity of the livestock farmers to improve the 

productivity of their stocks (Singh et al. 2016).

Women's participation in small-scale dairy farming is an important 

tool in reducing poverty and very vital to livestock development in 

rural area. Women constitute about 69% of workforce engaged in 

livestock sector (Anonymous 2013). The role and contribution of 

women members of every rural family to dairying is not 

documented although known too well in rural India as significant. 

About 75 million women as against 15 million men are engaged in 

dairying in India (Thakur and Chander 2006). Women increasingly 

play an important role in fostering inclusive development by 

contributing to household income and promoting community well-

being. In developing economies, even small- scale ventures offer 

women a pathway to socio-economic empowerment, improved 

household welfare, and greater participation in decision-making 

(Gupta 2025). Despite societal barriers, rural women continue to 

demonstrate resilience and innovation through micro-enterprises 

that integrate livelihood generation with household responsibilities. 

However, widespread challenges persist, addressing these 

barriers through training, infrastructure support, and market 

linkages is essential to unlock the full potential of women- led dairy 

enterprises.

Against this backdrop, the present study was conducted under the 

Project “Interventions of low cost technologies for upliftment of 

rural women in Punjabˮ to examine the farm nutritional challenges 

faced by rural women engaged in dairy farming and to document 

them. By capturing women's lived experiences the study seeks to 

inform targeted interventions that strengthen dairy farming as a 

sustainable livelihood option.

Data Collection

The study was conducted in four villages Bharthala, Gehlewal, 

Rahaun, Bamb of Samrala block, Ludhiana district, Punjab, where 

the Project “Interventions of low cost technologies for upliftment of 
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training and guidance, easy approach to market for beneficial returns along with capacity 

building of these women in terms of skill development. 

Keywords: Dairy farming, nutrition management, rural women, livelihood. 
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rural women in Punjabˮ was implemented from January, 2025 to 

January 2026. A purposive sample of 60 beneficiary rural women 

was drawn, comprising 15 respondents from each selected village. 

Data were collected through personal interviews using a structured 

interview schedule, supplemented with direct observations to 

ensure accuracy and reliability of responses. 

Experimental Design

To examine the relative importance of various challenges faced by 

rural women engaged in dairy farming, Garrett's ranking technique 

was used for analysis of tabulated data. 

According to Garrett's ranking technique by Garrett and Woodworth 

(1969), the respondents were asked to enlist and give ranks to 

different problems or constraints. This ranking helped in prioritizing 

the constraints based on their perceived importance. The orders of 

level as given by the interviewee were assigned ranks, with the help 

of following formula:

Percent position = [100 (R  - 0.50)]/Nij j

Where,

th thR  = Rank given for i  problem by j  individual.ij

thN = Number of problems ranked by the j  individual.

After the respondents assigned ranks to the different problems, the 

percent position of each and every rank was transformed into 

scores by the use of Garrett's table. The counts for each and every 

responder were then totaled and divided by the total number of 

responders. This resulted in mean scores for each problem. Finally, 

the mean scores were arranged in descending order, and ranks 

were allotted to sort the constraints.

Statistical analysis

A perusal of Table 1 shows that limited scientific knowledge 

regarding various feeding technologies, lack of easy access to 

markets in addition to the high cost of compounded feeds for dairy 

animals was also impacting the day to day animal rearing activities 

by rural women. These problems necessitate supportive 

infrastructure, capacity building and resources tailored to their 

needs. Table 2 represent ranking pattern of responses of 

respondent women farmers for different constraints in Garrett's 

ranking technique. Table 3 represents Garrett value calculation and 

ranking of constraints perceived by rural women   and enumerates 

the various challenges/problems faced by rural women in 

nutritional management of dairy animals. A significant number of 

respondents reported high cost of compounded feeds for dairy 

animals, had insufficient infrastructure at household level and had 

limited access to technical knowledge, resources. These were the 

major limiting factors. It was also seen that many rural women who 

were beneficiaries were also working with MNREGA scheme and 

hence could not manage to pay constant attention to care for 

animals and had to depend on other family members or relatives for 

the same. For some women (35 %), this support was also lacking 

and they were unable to provide the minimal resources required for 

dairy animals in some cases. This impacted their work efficiency 

and ability to make important decisions. Addressing these personal 

factors is crucial to ensure the wellbeing and productivity of women 

in rural areas. These findings agreed with those of many other 

researchers (Santosh et al., 2021). Therefore, regular training and 

awareness programs on animal health management are essential to 

support rural farmers. Sharma and Singh (2008), Kumar et al., 

(2019) and Pandey et al., (2024) also reported similarly. 

Table 1. Various challenges/problems faced by rural women (n=60)

Table 2. Ranking pattern of responses from beneficiary rural women (n=60) for different challenges in Garrett's ranking technique

Sr.No. Challenges/problems Percentage of respondents (n=60)

1 Lack of knowledge regarding balanced ration preparation 62.0

2 Lack of knowledge regarding area specific mineral mixture 71.0

3 Lack of knowledge regarding bypass nutrients and other feed additives 92.0

4 Lack of year round fodder availability 58.0

5 Unable to pay constant attention 76.0

6 Lack of support from family member 48.0

7 High cost of compounded feeds for dairy animals 84.0

8 Lack of access to land for cultivation of fodder crops 63.0

9 Insufficient infrastructure at household level 36.0

10 Lack of gender specific extension support 82.0

11 No preparation of silage and hay 44.0

12 Limited access to technical knowledge, resources 85.0

13 Limited access to  markets and mass media 78.0

14 Awareness of feed additives, anti-nutritional factors 61.0

Challenges/ problems 

 1st 2nd 3rd 4th 5th 6th

Lack of knowledge regarding balanced ration preparation 21 16 10 7 4 2

Lack of knowledge regarding area specific mineral mixture 22 11 10 95 3

Lack of knowledge regarding bypass nutrients and other feed additives 14 20 16 4 3 3

Lack of year round fodder availability 78 13 8 10 1 4

Unable to pay constant attention 5 7 11 11 9 17
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Lack of support from family member 6 6 12 11 10 15

High cost of compounded feeds for dairy animals 32 11 5 5 4 3

Lack of access to land for cultivation of fodder crops 14 20 16 4 3 3

Insufficient infrastructure at household level 24 14 10 8 3 1

Lack of gender specific extension support 22 14 9 7 5 3

No preparation of silage and hay 7 9 14 16 7 7

Limited access to technical knowledge, resources 22 11 10 9 5 3

Limited access to  markets and mass media 14 20 16 4 3 3

Awareness of feed additives, anti-nutritional factors 16 14 10 6 7 7

Table 3. Calculation of Garret Value and Ranking by beneficiary women (n=60)

Challenges/ problems
Rank order

1st 2nd 3rd 4th 5th 6th

Total 
score

RankAverage 
score

Lack of year round fodder availability 595 592 884 504 590 784 3949 65.82 IX

Unable to pay constant attention 425 518 748 693 531 952 3867 64.45 XI

Lack of support from family member 510 444 816 693 590 840 3893 64.88 X

High cost of compounded feeds for dairy animals 2720 814 340 315 236 168 4593 76.55 I

Lack of access to land for cultivation of fodder crops 1190 1480 1088 252 177 168 4355 72.58 VI

Insufficient infrastructure at household level 2040 1036 680 504 177 56 4493 74.88 II

Lack of gender specific extension support 1870 1036 612 441 295 168 4422 73.7 IV

No preparation of silage and hay 595 666 952 1008 413 392 4026 67.1 VIII

Limited access to technical knowledge, resources 1870 814 680 567 295 168 4394 73.23 V

Limited access to  markets and mass media 1190 1480 1088 252 177 168 4355 72.58 VI

Awareness of feed additives, anti-nutritional factors 1360 1036 680 378 413 392 4259 70.98 VII

1785 1184 680 441 236 112 4438 73.97 III

1870 814 680 567 295 168 4394 73.23 V

1190 1480 1088 252 177 168 4355 72.58 VI

Lack of knowledge regarding balanced ration 
preparation

Lack of knowledge regarding area specific mineral 
mixture

Lack of knowledge regarding bypass nutrients and 
other feed additives

Conclusion

Women participation in managing livestock was significantly higher 

than men however the constraints limited the realization of their 

potential. Poor access to training, preoccupation with other 

household chores, lack of participation in decision making, costly 

inputs like feed, additives, veterinary services etc. for higher animal 

productivity were the major constraints faced by them. Therefore,  

women need to be provided with technical training on scientific 

livestock farming in order to strengthen and encourage their 

participation in livestock sector. These findings emphasize the 

need for targeted policy implementation and gender specific 

extension support to strengthen dairy farming as a sustainable and 

profitable enterprise for rural women.
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