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Abstract: This study investigated the haematological, serum lipid, and antioxidant status of broiler chickens fed 
diets containing Saccharomyces cerevisiae fermented cassava peels. The objective was to evaluate the nutritional and 
physiological impacts of this unconventional feed ingredient. Ninety (90) one-day-old Cobb 500 broilers were randomly 
assigned to three dietary treatments (0%, 25%, and 50% maize replacement) in a completely randomized design. Fermented 
cassava peels were prepared using S. cerevisiae and incorporated into starter and finisher diets as a maize replacement. On 
day 42, blood samples were collected for haematological and biochemical analyses, and muscle samples were collected for 
antioxidant analyses. Results showed significant reductions (P<0.05) in WBC, RBC, HGB, and HCT at higher replacement 
levels, while MCV, MCH, and MCHC remained unaffected. Serum lipid profiles improved with increased HDL and reduced 
LDL, total cholesterol, and triglycerides. Liver enzymes (ALT, AST) decreased, indicating no hepatic stress. Antioxidant 
enzyme activities (SOD, GST, and catalase) were significantly elevated in muscle tissues, especially at 50% replacement. 
S. cerevisiae-fermented cassava peels enhanced antioxidant status and lipid metabolism without compromising liver or 
kidney function, though high inclusion levels may affect haematological indices. Optimizing fermentation and inclusion 
rates is essential for safe and effective use in broiler nutrition.
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INTRODUCTION

Broiler chickens are a vital component of the 
poultry industry, providing a significant source 
of protein for human consumption (Alagawany et 
al., 2018). However, nutrition is the most expen-
sive factor in broiler production, taking approxi-
mately 70% of production budgets (Sugiharto and 
Ranjitkar, 2019). Recent studies have highlighted 
the potential of unconventional feed ingredients, 
such as cassava peels, which are often considered 
agricultural waste (Narasimha and Raghavendra, 
2018). These peels contain various nutrients that 
can benefit poultry if properly processed, and 
fermentation using micro-fungi has been recog-

nized for its ability to improve the nutritional pro-
file of feed ingredients. 

Microbial fermentation enhances the digest-
ibility and bioavailability of nutrients, thereby 
improving growth performance and health out-
comes in poultry (Chang et al., 2022). One prom-
ising approach to repurposing cassava peels is 
micro-fungi fermentation. This biological pro-
cess involves using fungi such as Aspergillus 
niger, Saccharomyces cerevisiae, and Rhizopus 
oryzae to break down complex organic matter 
into simpler, more beneficial compounds (Eg-
bune et al., 2023). Specifically, the use of these 
micro-fungi to ferment cassava peels may aug-
ment their nutritional value and offer an alterna-
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tive energy source in broiler diets (Akinmola-
dun and Olaniyan, 2020). Using Saccharomyces 
cerevisiae, a widely recognized probiotic yeast, 
has emerged as an effective biotechnological ap-
proach to enhance the nutritional profile of cassa-
va peels (Shareef and Al-Dabbagh, 2009). More-
over, S. cerevisiae has been shown to exert im-
mune-modulatory and antioxidant effects, which 
may translate into improved haematological and 
biochemical parameters in broilers.

Haematological indices and serum lipids are 
critical indicators of the overall health and nutri-
tional status of broiler chickens. These param-
eters can reflect the physiological responses to 
dietary interventions, and can be used to assess 
the effectiveness of alternative feed ingredients 
(Musa and Adebayo, 2021). Reports have shown 
that blood components (biochemical and haema-
tological) are influenced by the quantity and qual-
ity of feed, including feed additives offered to the 
animals (Olafedehan et al., 2010). For a feedstuff 
to be considered safe for animal health, its effects 
on blood parameters must be studied to under-
stand its nutritional potential and safety based on 
its acceptability (Attia et al., 2017). Antioxidant 
markers reveal the bird’s ability to counteract ox-
idative stress, a common challenge in intensive 
poultry systems (Oke et al., 2024). Therefore, this 
study explores the innovative use of S. cerevisi-
ae-fermented cassava peels as a partial maize re-
placement in broiler diets, evaluating its impact 
on haematological indices, serum lipid profiles, 
and antioxidant status. This approach aligns with 
circular economy principles by valorizing waste, 
reducing feed costs, and promoting sustainable 
poultry production.

MATERIALS AND METHODS

Experimental sites
The study was conducted at the Poultry Unit 

of the Research and Teaching Farm, Federal Uni-
versity of Technology, Akure, Nigeria (FUTA). 
This site is situated between latitude 7° 15’ north 
of the equator and longitude 5° 12’ east of the 
Greenwich Meridian, within the humid tropi-

cal rainforest region. The climatic conditions in 
Akure align with the southwest region of Nigeria, 
characterized by an average annual rainfall of ap-
proximately 1300 to 1650 mm and daily tempera-
tures ranging from 27°C to 38°C (Daniel, 2015).

Cassava tubers and peels / microorganisms 
A pure fungal strain of Saccharomyces cere-

visiae was sourced from the microbiology labo-
ratory at the Federal University of Technology, 
Akure. Fresh cassava tubers were also collected 
from the vicinity of the university. Following 
thorough washing with fresh water, the cassava 
tubers were peeled and milled. The peels were 
then dried and ground using a hammer mill at 
the university’s feed mill, while the tubers were 
milled into pulp, and the wastewater was extract-
ed for microorganism inoculation.

Sample preparation
The whole cassava roots were washed, peeled, 

and milled. The pulp was inoculated with fungal 
inoculum and nutrient solution (750 mL of nu-
trient solution containing 8.0 g of urea, 1.3 g of 
KH₂PO₄, 11 g of MgSO₄, and 2.0 g of citric acid). 
The mixtures were allowed to ferment for five 
days, after which the wastewater was collected 
through pressing. The resulting material was then 
processed into flour and garri. Additionally, cas-
sava peels obtained from both the processing and 
external sources were washed, dried, and ground. 
The ground cassava peels were spread in fermen-
ter trays to an average thickness of approximately 
2 cm. They were subsequently fermented using 
the wastewater from the pulp, nutrient solution, 
and S. cerevisiae inoculum. The fermentation 
lasted for seven days before it was concluded, and 
subsequent analysis was conducted. Fermented 
cassava peel meal used in the experiment was ab-
breviated as FCPM.

Experimental dietary layouts
A total of 90 one-day-old unsexed Cobb 500 

broilers were obtained from a Hatchery and were 
randomly allocated to three treatment groups. 
Each treatment group was replicated thrice, with 
each replicate consisting of ten chicks. The ex-
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perimental design followed a (1 x 3) augmented 
factorial arrangement in a completely random-
ized design. Treatment 1 (T1), a diet without fer-
mented cassava peel meal, served as the control 
diet; Treatment 2 (T2) and Treatment 3 (T3) re-

placed 25% and 50% of the maize with fermented 
cassava peel meal in the diet, respectively.

The experimental diets were formulated for 
both starter (1 - 21 days) and finisher (22 - 42 
days) phases, with the chickens fed ad libitum. 

Table 1. The experimental feed formulation (Starter phase 1 - 21 days)
Ingredients (%) T1 T2 T3 
MFCP 0.00 12.55 25.10
Maize 50.20 37.65 25.10
Soybean meal 35.60 35.60 35.60
Wheat offal 1.50 1.50 1.50
Fish meal 3.50 3.50 3.50
Soya oil 3.50 3.50 3.50
Limestone 1.10 1.10 1.10
Bone meal 1.60 1.60 1.60
Methionine 0.20 0.20 0.20
Lysine 0.10 0.10 0.10
Salt 0.20 0.20 0.20
Premix 0.50 0.50 0.50
Total 100.00 100.00 100.00
Crude protein (%)
ME (Kcal/kg)

23.01	
3130.69

22.98
3129.34

23.11
3131.33

MFCP=microbe-fermented cassava peels, T1=control diet (0% FCPM), T2=25% maize replacement with FCPM, T3=50% 
maize replacement with FCPM, ME=Metabolizable energy
Source: Authors’ own elaboration

Table 2. Composition (%) of the broiler Finisher diet 
Ingredients (%) T1 T2 T3 
MFCP 0.00 13.17 26.35
Maize 52.70 39.53 26.35
Soyabean meal 28.90 28.90 28.90
Wheat offal 1.50 1.50 1.50
Fish meal 3.00 3.00 3.00
Soya oil 3.50 3.50 3.50
Limestone 1.00 1.00 1.00
Bone meal 1.40 1.40 1.40
Methionine 0.20 0.20 0.20
Lysine 0.10 0.10 0.10
Salt 0.20 0.20 0.20
Premix 0.50 0.50 0.50
Total 100.00 100.00 100.00
Crude protein (%)
ME (Kcal/kg)

20.00	
3170.93

19.96
3168.15

20.07
3170.67

MFCP=microbe-fermented cassava peels, T1=control diet (0% FCPM), T2=25% maize replacement with FCPM, T3=50% 
maize replacement with FCPM, ME=Metabolizable energy
Source: Authors’ own elaboration
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Details of the experimental starter and finisher 
diets are presented in Tables 1 and 2, respectively.

Haematological and serum lipid analysis
At day 42 of the experiment, blood samples 

were collected from one bird randomly selected 
from each replicate per treatment for the evalu-
ation of haematological and serum parameters. 
Blood collection was carried out by using a ster-
ile needle to puncture the right jugular vein, and 
blood was drawn into the syringe. The blood 
samples were collected into labelled sterile bot-
tles containing EDTA (ethylenediaminetetraace-
tic acid) powder as an anticoagulant. These sam-
ples were used in the laboratory to determine he-
matological parameters such as Red Blood Cell 
(RBC), White Blood Cell (WBC), Haemoglobin, 
Mean Corpuscular Volume (MCV), Mean Cor-
puscular Haemoglobin (MCH), and Mean Cor-
puscular Haemoglobin Concentration (MCHC) 
were all determined according to Ukorebi and 
John (2023) and Jain (1989). Also, blood samples 
were collected into another labelled sterile bot-
tle without anticoagulant to analyze serum bio-
chemical constituents such as total protein, albu-
min, globulin, creatinine, total cholesterol, HDL, 
LDL, Urea, Uric acid and triglycerides, using en-
zymatic methods (Ukorebi and John, 2023; Frie-
dewald et al., 1972).

Antioxidants analysis 
At day 42 of the experiment, muscle samples 

were collected from one bird randomly selected 
from each replicate per treatment for the evalu-
ation of antioxidant markers. Muscle collection 
was carried out using a knife to cut a piece of 
the muscle samples (approximately 4 cm distal 
part of the muscle), which were collected no lat-
er than 10 min after death. The tissues were cut 
into small pieces (10 × 5 mm), immediately fro-
zen in liquid nitrogen, and then stored at − 80 °C 
(Arctico ULUF 450-2M, Denmark). A 100 mg 
portion of each muscle was homogenized (Ul-
tra-Turrax T25, Janke and Kunkel GmbH & Co. 
KG, Germany) in 0.8 mL ice-cold sucrose buffer 
containing 0.05 M Tris–HCl and 1 mM EDTA 
(pH 7.4).

Determination of catalase activity 
The activity of catalase in the tissue homoge-

nates was assayed according to a procedure that 
was based on the method of Clairborne (1995). 
The method was based on catalase decompos-
ing hydrogen peroxide to form water. Typically, 
clean-sterilized test tubes containing 1.25 mL of 
10 mM sodium phosphate buffer (pH 7.0) were 
pipetted with 1 mL of 0.2 M H₂O₂, 0.5 mL of tis-
sue aliquot (0.1 mL of 1000 mg/kg (w/v) homog-
enate and 0.4 mL of distilled water). The reac-
tion was terminated at varying times (15, 30, 45, 
and 60 s) by the addition of 1 mL of 5% dichro-
mate-glacial acetic acid (1:3). The reaction mix-
ture was heated at 100℃ for 10 min and allowed 
to cool down in running water. The absorbance 
was read at 570 nm against the reagent blank 
(prepared by replacing the tissue homogenates 
with distilled water). The catalase activity was 
calculated.

Determination of glutathione-s-transferase 
activity (GST) 

Using 1-chloro-2,4-dinitrobenzene (CDNB) as 
a substrate, the GST activity was measured using 
the method of Habig and Jakoby (1981), with little 
modification. 1.0 mL of phosphate buffer, pH 6.5, 
was added along with CDNB and distilled water. 
At 37°C, the mixture was incubated for 5 min. 
Then, 100 uL of tissue supernatant and 100 uL of 
GSH (300 mM) were added. After that, the ab-
sorbance was measured at 340 nm. 

Determination of glutathione level 
The reduced glutathione (GSH) content of the 

tissue homogenates was assayed according to the 
procedure based on the method of Moron et al. 
(1979).

Determination of superoxide dismutase 
(SOD) activity

Superoxide dismutase activity in the tissue 
homogenates was determined according to the 
method of Misra and Fridovich (1972). About 40 
μL of homogenate was pipetted into clean-ster-
ilized test tubes containing 160 μL of distilled 
water to make a 1:4 (5-fold) dilution, followed by 
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the addition of 2.5 mL of 0.05 M carbonate buffer 
(pH 10.2). The reaction was initiated by the addi-
tion of 300 μL of 0.3 mM adrenaline (freshly pre-
pared), and quickly mixed by inversion. The ab-
sorbance was read at 480 nm for 150 sec at 30-sec 
intervals against the reagent blank (prepared by 
replacing the homogenate with distilled water). 
The SOD activity was expressed as a percentage 

inhibition of adrenaline oxidation. 1 unit of SOD 
activity was defined as the amount of SOD neces-
sary to cause 50% inhibition of the oxidation of 
adrenaline.

Statistical analysis
Data were analyzed using Ordinary one-way 

ANOVA with GraphPad Prism software (version 
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Figure 1. Hematology indices of broiler chicken fed Saccharomyces cerevisiae fermented cassava peels  

(a) White blood cells, (b) Red blood cells, (c) Hematocrit, (d) Hemoglobin, (e) Mean corpuscular Hemoglobin 
(f) Mean corpuscular volume (g) Monocytes (h) Lymphocytes  

(i)  mean corpuscular hemoglobin concentration
Bars are significantly different from normal (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). Control: Feed without 

cassava peel; B: Feed with 25% cassava peel; C: Feed with 50% cassava peel.
Source: Authors’ own elaboration
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10). Differences among treatment means were de-
termined using Dunnett’s multiple comparisons, 
and the results are reported as mean ± SEM and 
considered significantly different at p <0.05, p 
<0.001, and p<0. 01.

RESULTS AND DISCUSSION

The results of the haematological indices of 
broiler chickens fed Saccharomyces cerevisiae-
fermented cassava peels were analyzed and are 
shown in Figure 1. Increasing replacement levels 
of fermented cassava peels (from 0% to 50%) re-
sulted in significant reductions in WBC (Figure 
1a), RBC (Figure 1b), HGB (Figure 1d), and HCT 
(Figure 1c), values (P<0.05). MCV, (1f) MCH, 
(1e) and MCHC (1i) values showed no signifi-
cant differences across replacement levels, indi-
cating that erythrocyte size remained consistent 

regardless of diet. However, lymphocyte counts 
(LYMP) (1h) decreased with higher replacement 
levels, while monocyte counts (MONO) (1g) in-
creased significantly at 50% replacement.

The results of the serum lipids of birds fed Sac-
charomyces cerevisiae-fermented cassava peels 
diets are shown in the charts below. It shows that 
increasing the replacement level in the diet had a 
substantial impact on serum lipid profiles, kidney 
and liver function markers in broiler chickens. 
Replacement levels of 25% and 50% resulted in 
greater levels of high-density lipoprotein (Figure 
2d) compared to the control. Meanwhile, higher 
cassava peel replacement levels showed a drop in 
TRIG (Figure 2b), low-density lipoprotein, and 
total cholesterol levels compared to the control 
(P<0.001). Similarly, there was a drop in total 
bilirubin (BIL) (Figure 4c) at 50% replacement. 
Creatinine (Figure 3a) and urea levels (Figure 3b) 
were unaffected by replacement levels (p >0.05). 
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 Figure 2. Serum lipid of broiler chicken fed Saccharomyces cerevisiae fermented cassava peels replacement 

diets (a) Cholesterol, (b) Triglycerides, (c) Low-density lipoprotein, (d) High-density lipoprotein
Bars are significantly different from normal (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). Control: Feed without 

cassava peel; B: Feed with 25% cassava peel; C: Feed with 50% cassava peel. 
Source: Authors’ own elaboration
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However, alanine aminotransferase (ALT) (Fig-
ure 4a) and aspartate aminotransferase (AST) 
(Figure 4b), important liver enzymes, were dra-
matically reduced at higher replacement levels 
(p<0.01), indicating that the diet did not impose 
hepatic stress.

The effect of the Saccharomyces cerevisiae-
fermented cassava-replaced diets on the activi-
ties of antioxidant indices, such as reduced glu-
tathione (GSH), glutathione-S-transferase (GST), 
superoxide dismutase (SOD), and catalase in the 
tissue analysis (breast, thigh, and drumstick) of 
broiler chicken following exposure to the diets 
for 6 weeks was studied. As depicted in Figure 
5a, b, and c below, diets replaced with the Sac-
charomyces cerevisiae fermented cassava peels 
exhibited significantly (p <0.05) higher GST (5 
a(iv),b(iv),c (iv) and SOD (5 a(iii), b(iii), c(iii) ) 
activities when compared with those of the con-
trol group, which were fed the normal diet. Fur-
thermore, the level of replacement (25% and 50%) 
did not affect this increase in SOD and GST ac-
tivity, especially the diets with 50% replacement, 
which caused an increase in the tissue SOD activ-
ity after the 6 weeks of treatment. Furthermore, 
the tissue catalase activity 5 a (ii), b (ii), c (ii) in 
the broiler chickens revealed that the replaced di-
ets also caused a marked increase in the tissue 
catalase activity in the birds fed the diets with 
50% replacement compared to those of the con-
trol group. Regarding the non-enzymatic antioxi-
dant, reduced glutathione (GSH) (5 a(i), b(i), c(i)) 
levels were also elevated in the breast, thigh, and 
drumstick tissues of birds fed fermented cassava 
peel replacement diets, with the 50% replacement 
level showing the greatest increase compared to 
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Figure 3. Kidney function markers of broiler 

chicken fed Saccharomyces cerevisiae fermented 
cassava peels replacement diets. (a) Creatinine, (b) 

Urea in the blood of broiler chickens
Bars are not significantly different from normal (*p<0.05; 

**p<0.01; ***p<0.001; ****p<0.0001). Control: Feed 
without cassava peel; B: Feed with 25% cassava peel; C: 

Feed with 50% cassava peel.
Source: Authors’ own elaboration
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 Figure 4. Liver function markers of broiler chicken fed Saccharomyces cerevisiae fermented cassava peels 
replacement diets (a) Alanine aminotransferase, (b) Aspartate aminotransferase, (c) Bilirubin in the blood of 

broiler chicken
Bars are significantly different from normal (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). Control: Feed without 

cassava peel; B: Feed with 25% cassava peel; C: Feed with 50% cassava peel.
Source: Authors’ own elaboration
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5a. Breast 
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the control group (p <0.05), indicating enhanced 
non-enzymatic antioxidant defense.

According to Oboh and Oladunmoye (2007), 
fermentation, particularly with microfungi such 
as Aspergillus niger, Rhizopus oryzae, and Sac-
charomyces cerevisiae, has been shown to im-
prove the protein content and digestibility of cas-
sava peels. This not only enhances the nutritional 
profile, but also reduces the levels of cyanogenic 
glycosides, which are toxic compounds naturally 
present in cassava (Jayanegara et al., 2025). The 
inclusion of fermented cassava peels in broiler 
diets has been associated with improved growth 
performance, feed efficiency, and meat quality, 
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Figure 5. Antioxidant status of broiler chicken (a) Breast, (b) Thigh, (c) Drumstick fed Saccharomyces 

cerevisiae fermented cassava peels replacement diets (i) Reduced Glutathione, (ii) Catalase, (iii) Superoxide 
dismutase, (iv) Glutathione S-transferase in the meat of Broiler Chicken

Bars are significantly different from normal (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). Control: Feed without 
cassava peel; B: Feed with 25% cassava peel; C: Feed with 50% cassava peel. 

Source: Authors’ own elaboration

making it a viable alternative to traditional feed 
ingredients (Sugiharto, 2019). 

Meanwhile, blood, which is an active trans-
port medium in higher animals, especially in 
vertebrates, is explained to be a medium that 
constantly bathes all the organs and tissues of the 
body, enabling exchange of materials between the 
internal and external environment of the organs 
and tissues (Mallanagoud, 2023) The normal 
ranges of hematological parameters in chickens 
are Hb: 7.0 - 13.0g/dl, RBC: 3.0 - 3.5 x106ul, and 
WBC: 9.0 – 31.0 (103ul) (Jain, 1989). Others are 
MCV: 90.0 – 140.0 fl, MCH: 33.0 – 47.0 pg/cell, 
and MCHC: 26.0 – 35.0 (g/dl) (Ukorebi and John, 
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2023; Bounous and Stedman, 2000). It has been 
established that haematological parameters are 
useful in monitoring feed toxicity, especially with 
feed constituents that affect the blood (Isaac et al., 
2013). Nutrients absorbed after the digestion of 
food/feed are carried by the blood to the different 
cells and tissues of the body. If such nutrients are 
toxic, the physiology of the animal subject will 
be affected (Ukorebi, 2022). The results of this 
study demonstrated that increasing the replace-
ment levels of micro-fungi-fermented cassava 
peels in broiler diets (25% and 50%) significantly 
reduced haematological indices such as WBC, 
RBC, HGB, and HCT. The observed reduction 
in WBC count, alongside decreased RBC, HGB, 
and HCT, indicates potential adverse effects on 
hematopoiesis and oxygen-carrying capacity, 
and these parameters decreased in the presence 
of anti-nutritional factors (Predescu et al., 2024). 
This indicates potential adverse effects of higher 
replacement levels on hematopoiesis and oxygen-
carrying capacity, possibly due to residual anti-
nutritional factors such as cyanogenic glycosides 
in cassava peels (Olafadehan et al., 2011). Jiwuba 
et al. (2021) also reported similar trends in reduc-
tions in RBC and HGB in sheep and goats fed cas-
sava peel diets. Similarly, Eruvbetine et al. (2015) 
reported reductions in haematological indices of 
broiler chickens fed fermented cassava peel meal, 
corroborating the present findings. Meanwhile, 
the serum lipid results revealed that increasing 
the replacement level of micro-fungi-fermented 
cassava peels significantly influenced serum lipid 
metabolism, kidney function, and liver enzymes 
in broiler chickens. The significant decrease in 
low-density lipoprotein (LDL) at 25% and 50% 
replacement levels (p <0.001), suggests that high-
er fermented cassava peel replacement may re-
duce the transport of harmful lipoproteins in cir-
culation. The concurrent increase in high-density 
lipoprotein (HDL) (p <0.001) implies that the diet 
may also enhance reverse cholesterol transport, 
which is beneficial for cardiovascular health. The 
observed reduction in total cholesterol (CHOL) 
and triglycerides (TRIG) at higher replacement 
levels (p <0.001) aligns with findings by Tolulope 
et al. (2024), who reported improved lipid me-

tabolism in broilers fed fermented cassava peels 
due to microbial degradation of lipogenic precur-
sors. This suggests that fermentation effectively 
reduces lipid accumulation, likely by hydrolyzing 
residual cyanogenic glycosides, which are known 
to interfere with lipid metabolism. Adesehinwa et 
al. (2016) reported similar trends in pigs, where 
dietary cassava peel inclusion led to lower tri-
glyceride levels, indicating a potential hypolip-
idemic effect. Renal function markers, includ-
ing creatinine (CREAT) and urea (UREA), were 
not significantly affected by replacement levels 
(p >0.05), indicating that the diet did not impose 
nephrotoxicity. This finding is in agreement with 
the results of Adeosun et al. (2024), who found no 
adverse effects on kidney function in rabbits fed 
processed cassava peels, implying that replacing 
maize with sundried cassava peel up to 50% will 
not negatively affect the serum biochemistry of 
rabbits.  However, the increased uric acid (URIC) 
at 50% replacement could indicate protein catab-
olism or metabolic stress, warranting further re-
search. Amaefule et al. (2015) reported a simi-
lar trend, where excessive cassava peel inclusion 
in poultry diets led to increased uric acid levels, 
potentially due to residual anti-nutritional factors 
affecting protein utilization.

The significant reduction in alanine amino-
transferase (ALT) and aspartate aminotransfer-
ase (AST) at higher replacement levels indicates 
the absence of significant liver damage during 
the study period. It should be noted that lower 
ALT and AST levels do not necessarily indicate a 
healthier liver per se, but rather confirm that the 
diet did not induce hepatic injury under the ex-
perimental conditions. This aligns with the find-
ings of Unigwe et al. (2018), who reported lower 
liver enzyme activity in pigs fed fermented cas-
sava diets, suggesting hepatoprotective effects 
of microbial fermentation. However, studies by 
Oboh and Akindahunsi (2005) reported elevated 
ALT and AST in rats fed fermented cassava flour, 
reinforcing the importance of microbial fermen-
tation in reducing cassava-induced hepatic stress. 
The investigation of antioxidant indices such as 
glutathione-S-transferase (GST), superoxide dis-
mutase (SOD), reduced glutathione (GSH), and 
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catalase in the breast, thigh, and drumstick tis-
sues of broiler chickens fed a diet replaced with 
Saccharomyces cerevisiae fermented cassava 
peels shows significant increases in antioxidant 
enzyme activity across all tissue types. These 
results indicate that higher levels of dietary fer-
mented cassava peels influence the activities of 
these key antioxidant enzymes after six weeks 
of rearing. Specifically, GST, catalase, and GSH 
activity were elevated. However, it should be 
noted that increased antioxidant enzyme activ-
ity can reflect two possibilities: either a decrease 
in oxidative stress leading to upregulated defense 
capacity, or an adaptive response to increased 
oxidative stress whereby the body compensates 
by elevating enzyme production. To definitive-
ly confirm improved antioxidant status, further 
measurement of oxidative damage markers such 
as malondialdehyde (MDA), reactive oxygen 
species (ROS), or thiobarbituric acid reactive 
substances (TBARS) would be needed in fu-
ture studies. These findings nonetheless suggest 
that the replacement of fermented feed ingredi-
ents influences the antioxidant enzyme profile in 
poultry, with potential implications for improv-
ing overall health. The increased GST activity 
observed in the breast, thigh, and drumstick tis-
sues aligns with previous research highlighting 
the role of dietary antioxidants in enhancing de-
toxification pathways in poultry. Additionally, 
Galal et al. (2015) reported that phytochemicals 
from plants are known to induce GST activity, 
which plays a crucial role in detoxification and 
protection against oxidative stress, potential-
ly contributing to cancer prevention. Similarly, 
Sugiharto et al. (2020) also reported that feed-
ing fermented cassava pulp improved immune 
responses and the antioxidant status of broiler 
chickens, suggesting that dietary interventions 
aimed at increasing antioxidant enzyme activ-
ity contribute to better growth performance and 
meat quality in broilers. In terms of SOD activ-
ity, the results indicate a systemic enhancement 
across breast and drumstick tissues, which is 
crucial for the detoxification of superoxide radi-
cals and hydrogen peroxide, respectively. These 
enzymes are essential in protecting cells from 

oxidative damage, which can arise from high 
metabolic demands in poultry. The findings are 
consistent with research by Salami et al. (2015), 
who noted that an antioxidant-rich diet led to sig-
nificant increases in SOD and catalase activities, 
thereby improving oxidative stress management 
in broilers. However, contrasting studies have 
suggested that not all fermented feed types yield 
the same benefits. Ibukun (2012) reported that 
fermentation caused a reduction in the level of 
total phenolic compounds in raw sesame seeds 
from 0.026 mg/g to 0.01 mg/g after seven days of 
fermentation, establishing that raw sesame seeds 
exhibited better antioxidant ability than the fer-
mented samples, regardless of fermentation du-
ration. Overall, the comprehensive evaluation of 
antioxidant enzyme activities in broiler tissues 
highlights the potential of microfungi-fermented 
cassava peels as a valuable dietary supplement.

CONCLUSION

This study demonstrates the potential of Sac-
charomyces cerevisiae-fermented cassava peels 
as a sustainable feed ingredient in broiler produc-
tion. Regarding haematological indices, replac-
ing maize with fermented cassava peel meal at 
high proportions (25% and 50%) led to significant 
decreases in RBC, WBC, HGB, and HCT, indi-
cating anemia at elevated inclusion levels, which 
warrants careful consideration when determining 
safe inclusion rates in practical poultry nutrition. 
With respect to serum lipid levels, the reduction 
observed in broilers fed fermented cassava peel 
meal indicates improved lipid metabolism and the 
absence of significant hepatic damage during the 
study period. The antioxidant properties showed 
elevated activities of SOD, CAT, and GST, along-
side increased GSH levels, indicating a modula-
tion of the antioxidant defense system in broilers 
fed fermented cassava peel meal-based diets.

Acknowledgements 
The authors are grateful for the financial sup-

port provided by TETFUND-NRF for funding 
this research.



Животновъдни науки, 2026, 63 (5) Bulgarian Journal of Animal Husbandry, 2026, 63 (5)

60

Author’s contributions 
Conceptualization: Olufemi Adesanya Adu, 

Ganiyu Oboh, Stephen Adeniyi Adefegha, Ad-
ewale Johnson Atansuyi.

Methodology: Olufemi Adesanya Adu, Gani-
yu Oboh, Stephen Adeniyi Adefegha, Adewale 
Johnson Atansuyi, Tosin Oboh.

Investigation: Funmilayo Temidayo Azeez, 
Tosin Oboh, Akinlolu Oluwafemi Ayeni, Olajide 
Raymond Ojo.

Data Curation: Funmilayo Temidayo Azeez, 
Tosin Oboh, Ganiyu Oboh, Olufemi Adesanya 
Adu, Olajide Raymond Ojo, Adewale Johnson 
Atansuyi.

Writing-original draft preparation: Funmilayo 
Temidayo Azeez, Olajide Raymond Ojo, Akinlo-
lu Oluwafemi Ayeni, Adewale Johnson Atansuyi.

Writing-review and editing: Akinlolu Oluwa-
femi Ayeni, Stephen Adeniyi Adefegha, Funmi-
layo Temidayo Azeez, Olajide Raymond Ojo.

Project administration: Olufemi Adesanya 
Adu, Ganiyu Oboh, Stephen Adeniyi Adefegha, 
Funmilayo Temidayo Azeez.

All authors have read and agreed to the pub-
lished version of the manuscript.

Data availability statement 
The data presented in this study are available 

on request from the corresponding author.
 

Ethical statement
The study was conducted with the approval of 

the institutional ethics committee for the care and 
use of animals for research at the host institution. 
Ethics Reference No.: FUTA/ETH/23/121.

Conflict of interest 
All authors declare no conflict of interest. 

REFERENCES

Adeosun A. O., Akindele W. O. & Olarinwa, O. S. 
(2024) Haematological and Serum Biochemical indices 
of weaned rabbits fed diets containing varying levels 
of Sundried Cassava Peel (SCP) as a replacement for 

Maize. Journal of Agriculture and Veterinary Science, 
17(3), 16 – 20.

Adesehinwa, A. O. K., Olayemi, W. A. & Alabi, T. I. 
(2016). Cassava peel meal as a dietary energy source 
for pigs: Effects on blood parameters and performance. 
Livestock Research for Rural Development, 28(5), 
Article 102.

Akinmoladun, O. F. & Olaniyan, A. T. (2020). Nutri-
tional Evaluation of Fermented Cassava Peel as Feed 
Ingredient for Poultry. Animal Feed Science and Tech-
nology, 263, 114466

Alagawany, M., Abd El-Hack, M. E. & Farag, M. 
R. (2018). Nutritional Strategies to Produce Or-
ganic and Healthy Poultry Products. In A. Negm & 
M. Abu-hashim (Eds.), Sustainability of Agricul-
tural Environment in Egypt: Part II (The Handbook 
of Environmental Chemistry, 77). Springer, Cham. 
10.1007/698_2018_289.

Amaefule, K. U., Ironkwe, M. O. & Ojewola, G. S. 
(2015). Performance and blood profile of broiler birds 
fed processed cassava peel meal. Nigerian Journal of 
Animal Science, 17(2), 12 - 20.

Attia, Y., Al-Harti, M. A. & Hassan, S. S. (2017). Tur-
meric (Curcuma longa Linn.) as a phytogenic growth 
promoter alternative for antibiotics and comparable to 
mannan oligosaccharides for broiler chicks. Mexican 
Journal of Livestock Sciences (Revista Mexicana De 
Ciencias Pecuarias), 8(1), 11 - 21.

Bounous, D. & Stedman, N. (2000). Normal avian He-
matology: Chicken and Turkey. Intech Feldman, B. F., 
Zinkl, J. G., and Jain, N.C., editors. Schalm’s Veteri-
nary Haematology. New York: Wiley, 1147 – 1154.

Chang, Y. H., Omer, S. H. S., Li, G. Q., Lian, H. S. & 
Liu, Y. L. (2022). Research Advances on Application 
of Microbial Fermented Fodder in Broilers Production: 
A Short Review. Open Journal of Animal Sciences, 12, 
200 - 209. 

Clairborne, A. (1995) Catalase activity. In A.R. Green-
wald (Ed.). Handbook of methods for oxygen radical 
research, 237 - 242. Boca Raton, FL: CRC Press.1995.

Daniel, O. A. (2015). Urban extreme weather: a challenge 
for a healthy living environment in Akure, Ondo State. 
Niger Climate, 3(4), 775 - 791. 

Egbune, E., Ezedom, T., Clement, O., Egbune, O., 
Avwioroko, O., Aganbi, E., Anigboro, A. & Tonu-
kari, N. (2023). Solid-state fermentation of cassava 
(Manihot esculenta Crantz): a review. World Journal 
of Microbiology and Biotechnology, 39, 259. 10.1007/
s11274-023-03706-0. 

Eruvbetine, D., Oguntona, T. & Adewumi, O. (2015). 
Fermented cassava peel meal and its effect on haema-
tology of broiler chickens. Journal of Applied Animal 
Research, 43(3), 261 - 266.

Friedewald, W. T., Levy, R. I. & Fredrickson, D. S. 
(1972). Estimation of the Concentration of Low-Den-



Животновъдни науки, 2026, 63 (5) Bulgarian Journal of Animal Husbandry, 2026, 63 (5)

61

sity Lipoprotein Cholesterol in Plasma, Without Use 
of the Preparative Ultracentrifuge. Clinical Chemistry, 
18(6), 499 - 502.

Galal, A. M., Walker, L. A. & Khan, I. A. (2015). Induc-
tion of GST and related events by dietary phytochemi-
cals: sources, chemistry, and possible contribution to 
chemoprevention. Current topics in medicinal chemis-
try, 14(24), 2802 - 2821.

Habig, W. H. & Jakoby, W. B. (1981). Glutathione S-
transferases (rat and human). Methods Enzymol.,77, 
218 - 231. Academic Press.

Ibukun, E. O. (2012) Fermentation Attenuates the Free 
Radical Scavenging and Antioxidant Activities of 
Sesame Seed (Sesamum indicum). International Jour-
nal of Pharmaceutics, 3, 324 - 331.

Isaac, L. J., Abah, G., Akpan, B. & Ekaette, I. U. 
(2013). Haematological properties of different breeds 
and sexes of rabbits. Proc. of the 18th Annual Conf. of 
Anim. Sci. Assoc. of Nig., 24 – 27.

Jain, N. C. (1989). Veterinary Haematology. 4th Ed. Lea 
and Febiger, Philadelphia, U.S.A.

Jayanegara, M. A., Palupi, E. & Jayanegara, A. (2025). 
Reduction of cyanide concentration in cassava by 
lactic acid bacteria fermentation: A meta-analysis. 
BIO Web of Conferences, 153, 03004. 10.1051/bio-
conf/202515303004.

Jiwuba, P. C., Jiwuba, L. C., Ogbuewu, I. P. & Mba-
jiorgu, C. A. (2021). Enhancement values of cassava 
by-product diets on production and haemato-biochem-
ical indices of sheep and goats: a review. Tropical 
Animal Health and Production, 53(2), 207. 10.1007/
s11250-021-02656-9.

Mallanagoud, G. (2023). The Evolution of Circula-
tory Systems in Vertebrates. International Journal 
of Research and Analytical Reviews, 10(2), Article 
IJRAR2AA1737.

Misra, H. P. & Fridovich, I. (1972). The Role of Super-
oxide Anion in the Autoxidation of Epinephrine and 
a Simple Assay for Superoxide Dismutase. J. Biol. 
Chem., 244(10), 6049 – 6055. DOI: 10.1016/S0021-
9258(19)45228-9.

Moron, M. S., Dipierre, J. W. & Mannervik, B. (1979). 
Levels of glutathione, glutathione reductase and glu-
tathione S-transferase activities in rat lung and liver. 
Biochimica et Biophysica Acta (BBA) - General Sub-
jects, 582(1), 67 – 78.

Musa, A. F. & Adebayo, A. (2021). Impact of Alterna-
tive Feedstuffs on the Hematological Indices of Broiler 
Chickens. Tropical Animal Health and Production, 
53(3), 1 - 9.

Narasimha, P. & Raghavendra, H. (2018). Utilization of 
Cassava Peels in Poultry Feeding: A Review. Journal 
of Animal Research, 8(3), 379 - 385.

Oboh, G. & Akindahunsi, A. A. (2005). Nutritional and 
toxicological evaluation of Saccharomyces cerevisiae 

fermented cassava flour. Journal of Food Composition 
and Analysis, 18(7), 731 - 738. https://doi.org/10.1016/j.
jfca.2004.06.013.

Oboh, G. & Oladunmoye, M. K. (2007). Biochemical 
Changes in Micro-Fungi Fermented Cassava Flour 
Produced from Low- and Medium-Cyanide Variety of 
Cassava Tubers. Nutrition and health, 18, 355 - 367.

Oke, O. E., Oluwaseun, A., Oni, A., Ibiyemi, O., Ishola, 
C. A., Adebiyi, J. O., Odeyemi, A., Adjei-Mensah, 
Uyanga, V. & Abioja, M. O. (2024). Oxidative stress 
in poultry production. Poultry Science, 103, 104003. 
10.1016/j.psj.2024.104003.

Olafadehan, O. A., Obun, C. O., Yusuf, M. K., Ad-
ewumi, M. K. & Omotugba, S. K. (2011). Influence 
of processing cassava peels on the hydrogen cyanide 
concentration, nutritive value, and performance of 
growing rabbits. Tropical Animal Health and Produc-
tion, 44(2), 285 - 291.

Olafedehan, C. O., Obun, A. M., Yusuf, M. K., Ad-
ewunmi, O. O., Olafedehan, A. O., Awofolaji, A. O. 
& Adeniji, A. A. (2010). Effects of residual cyanide in 
processed cassava peel meals on haematological and 
biochemical indices of growing rabbits. In: Proceed-
ings of the 35th Annual Conference of Nigerian Society 
for Animal Production, 212.

Predescu, N. C., Stefan, G., Rosu, M. P. & Papuc, C. 
(2024). Fermented Feed in Broiler Diets Reduces the 
Antinutritional Factors, Improves Productive Perfor-
mances, and Modulates Gut Microbiome: A Review. 
Agriculture, 14(10), 1752. 10.3390/agriculture14101752.

Salami, S. A., Majoka, M. A., Saha, S., Garber, A. 
& Gabarrou, J.-F. (2015). Efficacy of dietary an-
tioxidants on broiler oxidative stress, performance, 
and meat quality: science and market. Avian Biology 
Research, 8(2), 65 - 78.

Shareef, A. M. & Al-Dabbagh, A. S. A. (2009). Effect 
of probiotic (Saccharomyces cerevisiae) on the perfor-
mance of broiler chicks. Iraqi J Vet Sci., 23 - 29.

Sugiharto, S. & Ranjitkar, S. (2019). Recent advances 
in fermented feeds towards improved broiler chicken 
performance, gastrointestinal tract microecology and 
immune responses: A review. Animal Nutrition, 5(1), 
1–10. 10.1016/j.aninu.2018.11.001.

Sugiharto, S., Widiastuti, E., Isroli, I., Yudiarti, T., 
Sartono & Tand Wahyuni, H. I. (2020). Effect of feed-
ing fermented mixture of cassava pulp and Moringa 
oleifera leaf meal on immune responses, antioxidative 
status, biochemistry indices, and intestinal ecology of 
broilers. Veterinary World, 13(2), 392 - 399.

Sugiharto, S. (2019). A Review on Fungal Fermented Cas-
sava Pulp as a Cheap Alternative Feedstuff in Poultry 
Ration. Journal of World’s Poultry Research. 9. 1-6. 
10.36380/jwpr.2019.0.

Tolulope, O. A., Mukaila, B. A., Saka, A. B., Loveth, 
O., Adeola, V. A. & Oyegunle, E. O. (2024) Carcass 



Животновъдни науки, 2026, 63 (5) Bulgarian Journal of Animal Husbandry, 2026, 63 (5)

62

trait, meat lipid profile, and meat quality of broiler 
chickens fed diets containing high inclusion level of 
high-quality cassava (manihot esculenta) peel meal. 
Proc. 49th Conf., Nig. Soc. for Anim. Prod. 24 – 27 
March, 2024, Univ. of Ibadan, Nigeria, 920.

Ukorebi, B. A. (2022). Hematology and Serum biochem-
istry of rabbits fed graded dietary levels of Rice offal 
and palm kernel cake. IOSR Journal of Agriculture and 
Veterinary Science, 15(8), 29 – 36.

Ukorebi, B. A. & John, U. E. (2023) Hematological and 
Serum Biochemical Characteristics of Broiler Chick-
ens Fed Graded Dietary Levels of Cassava Peel Meal 
And Palm Kernel Cake-Based Diets Supplemented 
With Exogenous Enzyme. Journal of Agriculture and 
Veterinary Science, 16(1), 2319 - 2372. 

Unigwe, C. R., Balogun, F. A. & Odeyemi, T. A. (2018). 
Liver enzymes and histo-morphology of pigs fed fer-
mented and enzyme-supplemented cassava peels meal-
based diets. Nigerian J. Anim. Sci., 20(3), 106 - 116.

Received: April 16, 2026; Approved: June 16, 2026; Published: October, 2026


