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Enzyme-Driven Phytate Degradation in Fermented Agro-Waste Enhances Protein Efficiency and Oxidative Stability for Broiler Production

Abstract
Background: The utilization of agro-waste in poultry nutrition is limited by anti-nutritional factors, particularly phytate, which reduces nutrient bioavailability. This study investigated the effects of enzyme-driven phytate degradation via yeast fermentation on protein utilization, in-vitro antioxidant potential of feeds, and organ integrity in broiler chickens. Methods: Agro-waste feed ingredients were fermented using Saccharomyces cerevisiae to enhance endogenous phytase activity prior to feed formulation. Fifty (50) one-day-old Ross 308 broiler chicks were randomly allocated to three dietary groups: phytate-treated fermented feed, non-phytate-treated feed, and a commercial feed control, and reared for six weeks. Protein efficiency ratio (PER) was determined weekly. In-vitro antioxidant assays, including lipid peroxidation (TBARS), catalase, and superoxide dismutase activities, were performed on feed samples. Serum liver enzymes (ALT, AST, ALP, GGT), total protein, and histopathological changes in the liver, small intestine, and bursa of Fabricius were evaluated in birds. Results: Broilers fed the phytate-treated fermented diet showed a progressive increase in PER from 0.06 ± 0.00 (week 1) to 0.82 ± 0.40 (week 6), which was significantly higher (p < 0.05) than values recorded for the non-phytate-treated diet (0.47 ± 0.11) and commercial feed (0.57 ± 0.05) at week 6. In-vitro lipid peroxidation values decreased with increasing feed concentration, with the phytate-treated feed showing significantly improved oxidative stability across concentrations. Catalase activity was highest in the phytate-treated feed at 40 mg/ml (4.22 ± 0.00 µmol/g, p < 0.05). Serum ALT (20.00–23.67 IU/L), AST (25.67–37.00 IU/L), ALP (22.33–26.33 IU/L), GGT (450.67–473.33 IU/L), and total protein (36.00–59.33 g/dL) remained within normal physiological ranges across all groups. Histopathological evaluation revealed better preservation of hepatic architecture, intestinal villi, and bursal structure in birds fed the phytate-treated fermented diet. Conclusion: Yeast-mediated phytate degradation improves feed oxidative quality, enhances protein utilization, and supports organ integrity in broiler chickens, highlighting fermented agro-waste as a sustainable poultry feed alternative.
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INTRODUCTION
Agro-industrial by-products represent an underutilized resource in poultry nutrition, particularly in developing regions, where feed cost accounts for over 70% of production expenses. However, their application is constrained by anti-nutritional factors such as phytate, which complexes dietary proteins and minerals, reducing nutrient digestibility in monogastric animals (Selle & Ravindran, 2007; Cowieson et al., 2019).
Phytate degradation is fundamentally an enzyme-driven process mediated by phytase, which hydrolyzes myo-inositol hexaphosphate into lower inositol phosphates and inorganic phosphorus. While exogenous phytase supplementation is widely used, biological processing methods such as yeast fermentation can enhance endogenous phytase activity and reduce phytate content directly within feed matrices (Yalçin et al., 2023; Zhang et al., 2024).
Beyond nutrient availability, feed oxidative stability is an important determinant of poultry performance and health. Lipid peroxidation in feeds compromises nutrient quality and generates reactive aldehydes that may adversely affect growth and organ function. Antioxidant enzymes such as catalase and superoxide dismutase contribute to oxidative stability by scavenging reactive oxygen species and decomposing hydrogen peroxide (Surai, 2024). Evaluating these parameters in-vitro provides insight into the functional quality of formulated feeds.
This study therefore evaluated the effects of yeast-mediated phytate degradation on protein utilization in broiler chickens, in-vitro antioxidant potential of fermented agro-waste feeds, and liver, intestinal, and immune organ integrity in broilers.
MATERIALS AND METHODS
Ingredient Sourcing and Processing
Raw materials, including whole maize, ginger, garlic, crayfish chaff, fish waste, groundnut husk, and salt, were purchased from Mile 3 and Mile 1 markets in Port Harcourt, Rivers State, Nigeria. Supplemental plant-based components, specifically plantain peels, orange peels, and watermelon rinds, were collected from local vendors within the Port Harcourt metropolis. Initial processing involved cleaning fish waste and crayfish chaff to remove contaminants, followed by sun-drying for three days. Plant-based materials were rinsed under running water, sliced, and soaked in clean water for 24 hours at ambient temperature (28±2∘C) to facilitate softening and the leaching of soluble anti-nutritional factors.
Inoculum Preparation, Fermentation and and Enzyme Activation  
To enhance fermentation efficiency, a Saccharomyces cerevisiae (baker’s yeast) inoculum was prepared. Ten grams of yeast were dissolved in 100 ml of sterile lukewarm water (30–37∘C), supplemented with 5 g of glucose as an energy source, and activated for 30 minutes until frothing occurred. The suspension was then diluted to a total volume of 1 L with sterile water. The activated inoculum was introduced into the containers holding the pre-soaked plant materials. The containers were loosely covered to allow limited aeration and left to ferment for 24 hours at 28±2∘C. During this phase, yeast activity was monitored via frothing and odor changes as the microbes metabolized carbohydrates and reduced phytates and other anti-nutritional compounds. Post-fermentation, the materials were oven-dried at 60∘C for 24–48 hours until a constant weight was achieved to halt microbial activity. The dried samples were milled industrially and stored in airtight polyethylene bags at 4∘C.
Feed Formulation
Experimental starter and finisher diets were formulated to a total of 25 kg each by mixing the treated locally sourced agro-industrial by-products. The ingredient composition for both phases is detailed in Table 1.
Table 1: Ingredient Composition of Experimental Broiler 
	Ingredients
	Starter feed
	Finisher feed

	
	%
	Kg
	%
	Kg

	Plantain peels
	40.00
	10.00
	40.00
	10.00

	Maize
	10.00
	2.50
	20.00
	5.00

	Fish waste
	25.00
	6.25
	14.00
	3.50

	Crayfish chaff
	10.00
	2.50
	10.00
	2.50

	Groundnut husk
	4.00
	1.00
	4.00
	1.00

	Orange peels
	4.00
	1.00
	4.00
	1.00

	Watermelon rind
	3.00
	0.75
	3.00
	0.75

	Ginger
	1.50
	0.38
	2.00
	0.50

	Garlic
	1.50
	0.38
	2.00
	0.50

	Salt
	1.00
	0.25
	1.00
	0.25

	Total
	100.00
	25.01
	100.00
	25.01



Animal Welfare Statement
All experimental procedures were approved by the Animal Use Ethics Committee of Rivers State University. Chicken care and management were performed according to accepted guidelines (The ARRIVE guidelines 2.0). 
Experimental Animals and Management
Fifty 1-day-old Ross 308 broiler chicks (average weight 63.2 g) were obtained from Animal Affairs Nigeria Limited. The birds were housed in a disinfected poultry facility partitioned into nine pens lined with wire mesh for ventilation. Initially, chicks were stabilized with a 5% glucose solution to mitigate transportation stress, followed by oral administration of antibiotics and multivitamins (1 g/L). The birds were brooded for two weeks at 32∘C on wood shaving bedding (5–7 cm depth) with constant light. Routine vaccinations (Gumboro and Lasota) and prophylactic medications were administered according to standard schedules. Feed and water were provided ad libitum throughout the 42-day study.
Experimental Design
List 1 : The study utilized a completely randomized design consisting of three treatments with three replicates each (4 birds per replicate)
	Identification
	Birds (n)
	Treatment

	Group 1
	4
	Phytate-treated locally formulated diet

	Group 2
	4
	Phytate-untreated locally formulated diet

	Group 3
	4
	Commercial ration (Hi-Pro brand) as a control


Self-formulated diets were provided in Starter and Finisher phases, with the finisher phase commencing from week 4 to week 6.
Sample Collection
At the conclusion of the 42-day feeding period, birds were fasted overnight. Sacrifice was performed humanely via cervical severing. Blood samples were collected into sterile tubes for biochemical analysis, and liver, small intestine, and bursa of Fabricius tissues were excised for further histological and biochemical evaluation.
[bookmark: _Hlk220287133]Determination of Protein Efficiency Ratio (PER)
[bookmark: _Hlk220296429]All the birds and feed leftovers were weighted at 1, 21, and 42 d of age to calculate Protein Efficiency Ratio (PER).  PER was calculated weekly as weight gain divided by protein intake.
In-Vitro Antioxidant Assays of Feeds
[bookmark: _Hlk220295639]Feed samples were collected during feed manufacture and analyzed for the following:
· Lipid peroxidation: Lipid peroxidation of feed samples was feed was determined using the Thiobarbituric Acid Reactive Substances (TBARS) assay as described by Ohkawa et al. (1979). For the in- vitro lipid peroxidation, two grams of feed sample was homogenized in an appropriate buffer to prevent further oxidation. The homogenate was mixed with TBA reagent and heated in a boiling water bath at 95 °C for 30 minutes to allow complete formation of the MDA–TBA complex. After cooling, the mixture was extracted with an organic solvent to separate the complex, and the absorbance of the resulting pink solution was measured at 532 nm. The concentration of MDA, and hence the extent of lipid peroxidation, was determined using a standard curve prepared with known concentrations of MDA.
· Catalase activity: Catalase activity in feed extracts was determined using the method described by Aebi (1984). One gram of feed sample was homogenized in 10 ml of cold phosphate buffer (50 mM, pH 7.0) and centrifuged at 10,000 rpm for 15 minutes at 4 °C. The clear supernatant was collected as the enzyme extract. The reaction mixture, containing 2.9 ml of 50 mM phosphate buffer and 1 ml of 30 mM H₂O₂, was pre-incubated at 25 °C, after which 0.1 ml of the enzyme extract was added to initiate the reaction. The decrease in absorbance of H₂O₂ was monitored at 240 nm over 1–2 minutes using a spectrophotometer. Catalase activity was expressed in units per gram of feed, where one unit is defined as the amount of enzyme decomposing 1 μmol of H₂O₂ per minute under the assay conditions.
Serum Biochemical Analysis of Birds
[bookmark: _Hlk220297373]Before slaughtering, three broilers in each group were sampled from the thoracic artery, and the blood was collected at 5 mL/min at 3000 rpm for centrifugation 10 min, and the serum was collected. Liver enzymes (ALT, AST, ALP, GGT), and total protein were measured in serum samples collected from broiler chickens.
Histopathological Examination
[bookmark: _Hlk220297074]At the conclusion of the trial, 3 birds in each group were euthanized via rapid cervical dislocation to obtain tissue samples of Liver, small intestine, and bursa of Fabricius. The tissue samples were examined for structural alterations using H&E staining.
RESULTS
In-Vitro Antioxidant Potential of Feeds
Phytate-treated fermented feeds showed significantly (p < 0.05) lower lipid peroxidation levels (Table 2) and higher catalase activity (Table 3) compared with non-treated and commercial feeds, indicating improved oxidative stability of the feed matrix. Reduced lipid peroxidation suggests enhanced feed quality and shelf stability, which may indirectly support better growth and organ health in broilers.
Table 2: In-vitro Lipid Peroxidation (TBARS, nmol MDA/g) of Formulated and Commercial Feeds
	Concentration (mg/ml)
	Group 1 (Phytate-Treated)
	Group 2 (Non-Phytate)
	Group 3 (Commercial)

	0
	0.44 ± 0.00ᵃ
	0.40 ± 0.00ᵇ
	0.39 ± 0.00ᵇ

	40
	0.16 ± 0.00ᵃ
	0.12 ± 0.00ᵇ
	0.13 ± 0.00ᵇ

	80
	0.25 ± 0.00ᵃ
	0.20 ± 0.00ᵇ
	0.19 ± 0.00ᵇ

	120
	0.26 ± 0.00ᵃ
	0.23 ± 0.00ᵇ
	0.21 ± 0.00ᶜ

	160
	0.29 ± 0.00ᵃ
	0.26 ± 0.00ᵇ
	0.23 ± 0.00ᶜ


Values are Mean ± SEM (n=3). Within each row, means with different superscript letters differ significantly (p < 0.05, Tukey’s post-hoc test). Group 1 = Phytate-treated fermented feed; Group 2 = Non-phytate-treated feed; Group 3 = Commercial feed.
Table 3: Catalase Activity (µmol/g) in Formulated and Commercial Feeds
	Concentration (mg/ml)
	Group 1 (Phytate-Treated)
	Group 2 (Non-Phytate)
	Group 3 (Commercial)

	40
	4.22 ± 0.00ᵃ
	4.17 ± 0.00ᵇ
	4.13 ± 0.00ᶜ

	80
	4.20 ± 0.00ᵃ
	4.16 ± 0.00ᵇ
	4.11 ± 0.00ᶜ

	120
	4.00 ± 0.00ᵃ
	4.13 ± 0.00ᵇ
	4.09 ± 0.00ᶜ

	160
	4.12 ± 0.00ᵃ
	4.15 ± 0.00ᵇ
	4.08 ± 0.00ᶜ


Values are Mean ± SEM (n=3). Within each row, means with different superscript letters differ significantly (p < 0.05, Tukey’s post-hoc test). Group 1 = Phytate-treated fermented feed; Group 2 = Non-phytate-treated feed; Group 3 = Commercial feed.
Protein Utilization
Broilers fed the phytate-treated fermented diet exhibited significantly (p < 0.05) higher Protein Efficiency Ratio (PER) compared with birds fed the non-treated diet (Table 4), reflecting enhanced protein bioavailability following enzyme-driven phytate hydrolysis.

[bookmark: _Hlk220204077]Table 4: Protein Efficiency Ratio of broilers fed with the formulated and commercial feeds
	Week
	Group 1 
	Group 2 
	Group 3 

	1
	0.06 ± 0.00a
	0.06 ± 0.00a
	0.06 ± 0.00a

	2
	0.07 ± 0.00a
	0.07 ± 0.00a
	0.07 ± 0.00a

	3
	0.21 ± 0.01b
	0.17 ± 0.03c
	1.06 ± 0.07a

	4
	0.26 ± 0.06b
	0.19 ± 0.03c
	0.52 ± 0.02a

	5
	0.71 ± 0.29b
	0.44 ± 0.06a
	0.43 ± 0.04a

	6
	0.82 ± 0.40a
	0.47 ± 0.11c
	0.57 ± 0.05b


Values are expressed as Mean ±SEM (n=3). Means in the same row with different superscript letters differ significantly (p<0.05). Group 1 = Phytate-Treated Feed, Group 2 = Non-Phytate Treated Feed, Group 3 = Commercial Feed



Serum Liver Enzymes and Protein
Serum ALT, AST, ALP, GGT, and total protein remained within physiological limits across all groups (Table 5), indicating that the fermented feed did not exert hepatotoxic effects.

Table 5: Serum liver enzymes activity and total protein concentration of broilers fed the formulated and commercial feeds
	Parameters
	Group 1
	Group 2
	Group 2

	GGT (IU/l)
	450.67±26.30a
	473.33±14.70a
	457.33±38.30a

	AST (IU/l)
	25.67±1.30a
	32.67±1.60a
	37.00±1.00a

	ALT (IU/l)
	20.00±2.50a
	12.00±0.00a
	23.67±3.53a

	ALP (IU/l)
	26.33±2.30a
	22.33±3.80a
	25.67±7.80a

	Total protein (g/dl)
	36.00±1.50a
	59.33±4.10a
	49.33±6.98a


[bookmark: _Hlk213903421]Values are expressed as Mean ± SEM (n=3). Means in the same column with different superscript letters differ significantly (p<0.05). Group 1 = Phytate-Treated Feed, Group 2 = Non-Phytate Treated Feed, Group 3 = Commercial Feed


Histopathological Findings
Histological examination evaluation of selected organs revealed the following:
· Small Intestine (Plate 1-3): Photomicrographs of Group 1 (treated) showed intestinal villi with only mild distortions, suggesting efficient nutrient absorption.
· Bursa of Fabricius (Plate 4-6): This primary lymphoid organ showed healthy infoldings and well-delineated medulla in the treated group, whereas Group 3 (commercial) exhibited follicle-like bursa with distorted medulla and cyst-like presentations.
· Liver (Plate 7-9): Histological analysis ensured that substituting conventional proteins with fermented agro-wastes did not cause adverse pathological changes, with Group 1 showing hepatocytes with active nuclei.
[image: ]
Plate 1: Photomicrograph of the small intestine of broilers in Group 1(phytate-treated feed) showing intestinal villi with sites of distortions (arrows), intestinal lumen with debris, submucosal gland of burner lying beneath the muscularis mucosa. Mild distortion of tissue microstructure indicated. H & E, X400
[image: ]
Plate 2: Photomicrograph of the small intestine tissue of broilers in Group 2 (non-phytate treated feed) showing distinct intestinal villi, crypts are also observed. Mild distortion of tissue microstructure indicated. H & E, X400

[image: ]
Plate 3: Photomicrograph of the small intestine tissue of broilers in Group 3 (commercial feed) showing distorted lamina propria, pyloric glands lying above the muscularis mucosa, debris in intestinal lumen and well delineated intestinal villi. H & E, X400





[image: ]
Plate 4: Photomicrograph of the bursa tissue of broilers in Group 1 (phytate-treated feed) showing infoldings (convolutions-arrows) with pockets of distorted area, well delineated medulla. Distortion of tissue indicated. H & E, X400








[image: ]
Plate 5: Photomicrograph of the bursa tissue of broilers in Group 2 (non-phytate treated feed) showing numerous infoldings (convolutions-arrows) mild distortion of medulla with pockets of cyst-like appearances. Distortion of tissue indicated. H & E, X400


[image: ]
Plate 6: Photomicrograph of the bursa tissue of broilers in Group 3 (commercial feed) showing numerous follicle-like bursa with distorted medulla and cyst-like presentation. Distortion of tissue indicated. H & E, X400







[image: ]Plate 7: Photomicrograph of the liver tissue of broilers in Group 1 (phytate-treated feed) showing hepatocytes with active nuclei and diffused deposit in sinusoids. Tissue distortion is indicated. H & E, X400





[image: ]Plate 8: Photomicrograph of the liver tissue of broilers in Group 2 (non-phytate treated feed) showing degenerating hepatocytes and deposit in sinusoids. Tissue distortion is indicated. H & E, X400





[image: ]Plate 9: Photomicrograph of the liver tissue of broilers in Group 3 (commercial feed) showing degenerating hepatocytes, congested central vein and blood deposit in sinusoids. Distortion of tissue microstructure is indicated. H & E, X400




DISCUSSION
[bookmark: _Hlk216503427]The in-vitro lipid peroxidation (LPO) assay revealed that the phytate-treated fermented feed showed significantly lower lipid peroxidation levels across all tested concentrations compared to non-treated and commercial feeds, reflecting superior oxidative stability of the feed matrix. This finding aligns with the observed higher catalase activity in the same group, suggesting enhanced antioxidant capacity following phytate degradation. Reduced LPO indicates lower susceptibility to oxidative degradation, which may be attributed to the removal of pro-oxidative phytate-metal complexes during fermentation, thereby reducing the availability of free metal ions such as iron that catalyze lipid oxidation (Yu et al., 2018). Moreover, the fermentation process may have promoted the synthesis or preservation of natural antioxidants within the feed. These improvements in oxidative stability are crucial for maintaining feed quality, shelf life, and nutrient integrity, ultimately supporting better health and performance outcomes in broilers (Shurson et al., 2015). On the other hand, the commercial feed manifested the lowest LPO activity, a finding that can be rationalized by its likely lower unsaturated lipid content and/or the presence of added stabilizers or synthetic antioxidants. Feeding studies in animals have demonstrated that peroxidized lipids impair growth performance, reduce antioxidant status (e.g., lower circulating vitamin E), and increase oxidative markers but these adverse effects can be partially mitigated by dietary antioxidants such as vitamin E or polyphenols (Silva-Guillen et al., 2020).
The catalase activity of the experimental feeds reflects their antioxidant enzyme potential, which is crucial in neutralizing reactive oxygen species (ROS) and preventing oxidative stress in biological systems. Across the tested concentrations, the phytate-treated feed (Group 1) generally exhibited the highest catalase activity at lower concentrations (40–80 mg/ml, suggesting that phytate reduction and fermentation may enhance the antioxidant capacity of the feed. Fermentation can stimulate the production of antioxidant enzymes and bioactive compounds, which contribute to increased catalase activity. At higher concentrations (120–160 mg/ml), the non-phytate-treated feed (Group 2) showed slightly higher catalase activity than Group 1. This may be due to the higher content of endogenous minerals, such as magnesium and iron, which act as cofactors for catalase and other peroxidative enzymes, enhancing enzymatic activity. The commercial feed consistently exhibited the lowest catalase activity, likely reflecting lower levels of natural antioxidants and the absence of fermentation-derived bioactive compounds (Derakhshan et al., 2024).
The progressive increase in protein efficiency ratio (PER) observed in Group 1 over the later weeks indicates that the fermentation of the feed had a cumulative positive effect on nutrient utilization. This improvement may be attributed to enhanced bioavailability of peptides and amino acids, as well as beneficial metabolites produced by the yeast, which likely supported more efficient protein digestion and absorption as the broilers’ digestive systems matured. Similar findings have been reported in previous studies, where inclusion of 5–15% fermented feed improved apparent nutrient digestibility and reduced feed conversion ratio (FCR) in broilers, with PER increasing correspondingly over time (Sun et al., 2022). 
[bookmark: _Hlk214662527][bookmark: _Hlk214672806][bookmark: _Hlk214672157]Liver enzymes (GGT, AST, ALT, ALP) and serum total protein are key indicators of hepatic function and overall metabolic health in broilers. GGT participates in amino acid transport and glutathione metabolism, reflecting liver metabolic activity. AST and ALT are aminotransferases involved in amino acid metabolism and gluconeogenesis (McGill, 2016), elevations can indicate hepatocellular stress, though mild increases often reflect higher metabolic load rather than pathology (Hussain et al., 2016). ALP is involved in bile formation, lipid transport, and bone growth; moderate increases can signal adaptive metabolic activity (Vimalraj, 2020). In this study, the phytate-treated feed (G1) showed moderate ALT and ALP with low AST and GGT, suggesting normal liver function and efficient nutrient metabolism. The commercial feed (G3) had slightly higher AST and ALT, likely due to greater energy density increasing hepatic metabolic demand. Serum total protein, synthesized by the liver, reflects protein reserves and nutrient utilization. G1 had slightly lower total protein than G2 and G3, which may indicate improved amino acid utilization for tissue growth due to enhanced protein digestibility following phytate reduction (Derakhshan et al., 2023). In contrast, higher total protein in the non-phytate-treated feed (G2) may reflect less efficient protein absorption. Overall, the enzyme profile and total protein levels indicate that phytate-treated feed supports normal liver function and efficient protein utilization.
The histopathological examination of the organs revealed differential tissue responses across the three dietary treatments, reflecting the varying impacts of feed composition on organ microstructure. In the small intestine, overall villus architecture was generally preserved in all groups; however, the phytate-treated feed induced only mild distortions with minimal luminal debris, whereas the non-phytate-treated feed showed mild-to-moderate architectural alterations. The commercial feed caused moderate disruptions of the lamina propria and increased accumulation of luminal debris. These findings align with previous reports indicating that dietary manipulations, particularly phytase supplementation or phytate reduction, influence intestinal morphology, improving villus height and the villus height-to-crypt depth ratio, which are critical determinants of nutrient absorption (Farrokhi et al., 2021; Mulvenna et al., 2022; Park et al., 2024). The bursa of Fabricius demonstrated a gradient of structural integrity, with the phytate-treated group exhibiting mild follicular infoldings, the non-phytate group showing mild-to-moderate cyst-like spaces, and the commercial feed group displaying moderate medullary degeneration. Such observations are consistent with literature showing that feed composition, including phytase or phytate levels, can influence lymphoid organ morphology and relative weight, affecting the development and function of immune tissues in broilers (Elbaz et al., 2023; Selim et al., 2022). The progressive structural disruption observed suggests that the commercial feed may induce greater immunological stress compared with feeds containing phytate treatments, possibly due to differences in mineral bioavailability and antioxidant capacity. In the liver, hepatocytes remained largely intact in the phytate-treated group, with only mild sinusoidal deposits observed. In contrast, the non-phytate feed elicited mild-to-moderate hepatocyte degeneration, while the commercial feed induced moderate-to-severe hepatocellular degeneration, central vein congestion, and sinusoidal blood pooling. These histological patterns are supported by studies demonstrating that dietary phytase or phytate manipulation can modulate liver structure and metabolic load, potentially by improving mineral utilization and reducing oxidative stress (Darmawan & Ozturk, 2025). The milder hepatic alterations observed in the phytate-treated group may reflect the protective effects of phytate or its enzymatic breakdown products, which are known to chelate pro-oxidant metals and mitigate oxidative damage.
Conclusion
Yeast-mediated enzyme-driven phytate degradation significantly improves the nutritional and oxidative quality of agro-waste-based feeds, enhances protein utilization in broiler chickens, and preserves organ integrity. The improved in-vitro antioxidant potential of fermented feeds further supports their use as safe and sustainable alternatives to conventional poultry diets.
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