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Abstract 

This study evaluated the impact of different biochar sources on the growth performance and serum biochemical profiles 
of broiler chickens. A total of 120 broilers were used in this experiment. They were randomly assigned to four treatment 
groups (T1, T2, T3, and T4) in a completely randomized design (CRD). Each treatment was replicated three times with 
10 birds per replicate. Treatment 1 served as the control without biochar, while T2, T3, and T4 were supplemented with 
biochar from mahogany, maize stover, and maize cobs, respectively, at a concentration of 20g/kg of feed. Data collected 
were subjected to analysis of variance (ANOVA) in CRD. The results showed that broilers in T3 maize Stover biochar 
(MSB) had the highest body weight gain (BWG) of 3.53 ± 0.155 kg, while the lowest value (2.97 ± 0.06 kg) was recorded 
in control group (T1). Similarly, T3 (2.32) and T4 (2.87) exhibited the most efficient feed conversion ratios (FCR), which 
were significantly (p < 0.05) better than the control group (3.10). In serum biochemical indices, the highest high-density 
lipoprotein (HDL) level of 70.33 ± 1.86 mg/dl was recorded in T3, whereas the lowest value of (35.00 ± 0.58 mg/dl) 
occurred in T1. For low-density lipoprotein (LDL), the control group (T1) had the value of (56.00 ± 1.15 mg/dl), which 
was significantly (p < 0.05) higher than T2 (22.00 ± 1.15), T3 (27.33 ± 1.76), and T4 (25.67 ± 1.86 mg/dl). Furthermore, 
T3 (MSB) effectively reduced cholesterol levels from 119 mg/dl in the control group to 88 mg/dl. In conclusion, T3 
(MSB) demonstrated the most significant improvements in body weight gain, feed conversion ratio, and serum 
biochemical parameters compared to the other biochar sources.  
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1. Introduction

Biochar is a carbon-rich material produced through the incomplete combustion of biomass in the absence of oxygen, a 
process known as pyrolysis (Kutlu et al., 2001). Its highly porous structure makes it an excellent natural filter with a 
significant capacity to retain water and ions. When compared to other organic materials, biochar has a stronger affinity 
for ammonia, ions, and other nutrients or irritants. In Japan and China, biochar bokashi is commonly used as a feed 
supplement, reportedly enhancing digestion and feed conversion ratios (Gerlach and Schmidt, 2012). 

When pyrolysis is more complete, biochar production results in charcoal. Studies have shown that dietary 
supplementation with charcoal can lead to increased live weight gain and improved feed conversion ratios (FCR) in 
commercial meat chickens and ducks (Kana et al., 2010; Ruttanavut et al., 2009). The proposed benefits of including 
biochar or charcoal in animal diets include toxin binding, enhanced growth, reduced ammonia emissions, and lower 
rectal temperatures (Omeje et al., 2023). One potential mechanism behind the improved FCR involves alterations in the 
gastrointestinal tract (GIT) microbiota. 
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Various sources of nutritional biochar have been used in farm animal diets, and the specific source of biochar plays a 
critical role in determining its nutritional and health benefits. Investigating the effects of different biochar supplements 
is therefore essential to ascertain biochar supplement with best significant impact. This study was designed to assess 
the growth performance and some serum biochemical responses of broiler chickens fed varying sources of biochar 
supplements.  

2. Material and methods 

2.1. Location of the Study  

The study was carried out at the Department of Animal Science Teaching and Research Farm, University of Nigerian, 
Nsukka. Nsukka lies in the Derived Savannah Region, and is located on longitude 600C 25 N and latitude 70C 24 E at an 
altitude of 430m above sea level (Ofiomata, 1975). The climate is a humid tropic setting with a relative humidity range 
of 56.01%-103%. Average diurnal minimum temperature ranges from 220C -24.70C while the average maximum 
temperature ranges from 330c -370c (Energy Centre UNN, 2008), the annual rainfall ranges from 1680mm-1700mm 
(Breinholt et al., 1981). 

2.2. Duration of the Study 

The experiment lasted for eight (4) weeks during which the experimental birds were fed ad-libitum. 

2.3. Experimental Material (Biochar) 

 

Figure 1 Biochar Supplement  

Three different biomasses were collected and prepared into biochar using the normal process i.e. (pyrolysis). They are 
maize Stover, maize cobs and mahogany. They were pulverized into powdered form after burning them in a kiln and 
were included at the level of 20g/kg of the diet.  

2.4. Experimental diets 

Broiler finisher diet was formulated and used to feed the experimental birds. The compositions of the diets are as shown 
in table 1 below. 
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Table 1 Percentage composition of the broiler finisher diet 

Ingredients %composition 

Maize 53.0 

Wheat offal 10.0 

P K C  5.5 

G N C 15.0 

Fish meal 1.5 

S B M 10.0 

Bone meal 4.0 

Salt 0.25 

Lysine   0.25 

Methionine 0.25 

Vitamin premix 0.25 

Total 100 

Calculated composition  

Crude protein (%) 20.1 

Gross energy (Mcal/kg) 2.72 

2.5. Experimental Procedure  

The experiment, which spanned eight weeks, involved a total of 120 broiler chicks. The chicks were randomly assigned 
to four treatment groups, each consisting of three replicates. Treatment 1 served as the control and did not include any 
biochar. Treatment 2 included 20 g/kg of biochar derived from mahogany, Treatment 3 contained 20 g/kg of biochar 
produced from maize stover, and Treatment 4 consisted of 20 g/kg of biochar made from maize cobs. Standard poultry 
routine management practices were consistently implemented throughout the experiment. 

2.6. Management of Experimental Birds 

Day-old chicks in each replicate were brooded in a deep litter pen measuring 1.50 x 1.50 meters within the experimental 
house until they reached four weeks of age. The poultry house was open-sided and divided into individual pens 
separated by wire gauze, with fresh wood shavings used as litter material. Heat was supplied using charcoal stoves 
placed under metal hovers. The birds were provided with feed and water, and additional lighting was supplied at night 
using rechargeable lamps to illuminate the pens. 

The chicks were vaccinated against Newcastle disease on day one via the intraocular route and again at three weeks. 
They were also vaccinated against Gumboro disease at weeks two and four. All other standard routine poultry 
management practices were meticulously followed throughout the study. 

2.7. Experimental parameters measured 

The experimental parameters measured were; initial body weight, final bodyweight, weight gain, feed intake and feed 
conversion ratio for growth response and cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), 
triglycerides (TAG), aspartate aminotransferase (AST), alanine aminotransferase ( ALT), alkaline phosphatase (ALP), 
Albumin, bilirubin, Urea and Creatinine for the serum biochemical profiles.  

2.8. Growth Performance Evaluation 

Body weight, feed intake, and feed-to-gain ratio were monitored weekly throughout the experimental period. Key 
parameters calculated at the end of the experiment included, body weight gain, final weight, feed intake, feed conversion 
ratio (FCR), feed cost/kg and feed cost per kilogram of weight gain. 
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All birds in each replicate were individually weighed using a 5 kg top-loading Salter weighing scale. Weighing was 
conducted weekly in the morning before feeding. Initial body weights were recorded at the start of the experiment and 
used to calculate weight gain as follows: 

Weight gain = Final weight – Initial weight 

Feed conversion ratio (FCR) = 
Feed intake 

weight gain
 

Daily feed intake was determined by subtracting the leftover feed from the total feed supplied. Feed cost per kilogram 
of weight gain was calculated by multiplying the price of a kg of feed by the feed conversion ratio.  

2.9. Serum biochemical analysis 

At the end of the week 8, one bird from each replicate was randomly selected and blood samples were collected from 
their wing veins with sterile needles to determine the serum biochemical indices of the broiler birds using randox kit. 

Table 2 Normal range of blood chemistry indices of domestic fowl 

Parameters  Values 

Total protein (g%) 3.3-5.5 

Albumin (g%) 1.3-2.8 

Globulin (g%) 1.5-4.1 

Creatinine (mg%) 0.9-1.8 

Uric acid (mg%) 2.5-8.1 

Glucose (mg%) 227-300 

Cholesterol (mg%) 86-211 

Ca (mg%) 13.2-23.7 

P (mg%) 6.2-7.9 

Na (mEq/L) 131-171 

K (mEq/L) 3.0-7.3 

Source: Aiello and Mays (1998)  

3. Results  

Table 3 Growth Response of Finisher Broilers Fed Varying Sources of Biochar Supplements 

 T1 Control  T2 (M)  T3 (MSB) T4 (MC) P value 

Initial Body Weight (kg)  0.05±0.00 0.05±0.00 0.05±0.00 0.05±0.00 1.00 

Final Body weight (kg) 2.56±0.00d 2.79±0.02b 2.95±0.02a 2.72±0.03c 0.00 

Total weight gain (kg) 2.51±0.00d 2.74±0.02b 2.90±0.02a 2.67±0.03c 0.00 

Av. Daily weight gain(g) 44.94±0.15d 49.04±0.47b 51.78±0.40a 44.79±0.55c 0.00 

Total feed intake (kg) 7.81±0.05a 7.63±0.04b 6.72±0.04c 7.69±0.05ab 0.00 

Av. Daily feed intake (g) 139.49±0.96a 138.28±0.88b 120.14±0.85c 137.42±0.95ab 0.00 

Feed conversion ratio 3.10±0.01a 2.78±0.00b 2.32±0.00d 2.87±0.01c 0.00 

Feed cost/kg 960.00b±1.73 978.00a±0.53 963.00b±0.33 963.67b±1.15 0.00 

Feed cost/kg wt. gain 2,976.00a±2.31 2,718.84b±2.89 2,234.16d±2.89 2,765.73c±2.30 0.00 
abcd: Means on the same row with different superscripts are significantly different (P ≤ 0.05 or P ≤ 0.01). Key: M= Mahogany, MSB= Maize Stover 

Biochar,  MC= Maize cob. 
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The results indicated that broilers on T3 (MSB) achieved the highest final body weight of 2.95 ± 0.02 kg, which was 
significantly higher than the values recorded for treatments T2 (2.79 ± 0.02 kg), T4 (2.72 ± 0.03 kg), and the control 
group T1 (2.56 ± 0.00 kg). Total weight gain followed a similar trend, with T3 showing the highest value of 2.90 ± 0.02 
kg. Birds on T3 also had the highest average daily weight gain of 51.78 ± 0.40 g, which was significantly (p<0.05) higher 
than the values recorded for T2 (49.04 ± 0.47 g), T1 (44.94 ± 0.15 g), and T4 (44.79 ± 0.55 g). 

In feed intake, the control group (T1) recorded the highest total feed intake of 7.81 ± 0.05 kg, which was significantly 
(p<0.05) higher than the values for T4 (7.69 ± 0.05 kg), T2 (7.63 ± 0.04 kg), and T3 (7.63 ± 0.04 kg). Similarly, in feed 
cost/kg weight gain, T1 had the highest feed cost/kg weight gain of ₦2,976.00±2.31 which was significantly (p<0.05) 
higher than the values of ₦2,718.84±2.89 and ₦2,765.73±2.30 recorded for T2 and T4 respectively. T3 had the least feed 
cost/kg weight gain of ₦2,234.16±2.89 which was significantly lower than the other treatment groups. 

For feed conversion ratio (FCR), birds on T1 recorded the poorest (highest) FCR of 3.10 ± 0.01, which was significantly 
(p<0.05) different from the values obtained from T4 (2.87 ± 0.01), T2 (2.78 ± 0.00), and T3, which had the best FCR of 
2.32 ± 0.00. 

Table 4 Serum Biochemistry indices of finisher broilers fed varying sources biochar supplements 

Parameters T1 Control T2Mahogany T3 MSB MC P. value 

Cholesterol (mg/dl) 119.00±2.64a 95.33±3.53b 88.00±1.15b 86.00±2.52b 0.00** 

HDL(mg/dl) 35.00±0.59d 62.67±1.76c 70.33±1.86b 81.00±1.50a 0.00** 

LDL (mg/dl) 56.00±1.15a 22.00±1.15b 27.33±1.76c 25.67±1.86b 0.00** 

TAG (mg/dl) 111.67±1.45a 95.00±3.79b 91.67±0.88b 90.00±0.58b 0.00** 

AST (IU/L) 62.33±2.85a 62.00±2.31a 53.00±2.08b 62.33±1.86a 0.00** 

ALT (IU/L) 30.67±1.76c 36.67±2.73a 33.67±1.20b 29.33±2.40c 0.00** 

ALP (IU/L) 86.00±.15 82.00±1.00 84.00±2.85 85.67±0.88 0.05* 

Albumin (mg/dl) 4.19±0.04 4.60±0.31 4.71±0.33 4.41±0.11 0.00** 

Bilirubin (mg/dl) 3.17±0.35 3.17±0.47 2.91±0.51 3.36±0.15 0.00** 

Urea (mg/dl) 42.33±1.45b 44.67±2.91a 44.00±1.00a 45.00±3.21a 0.00** 

Creatinin (mg/dl) 4.84±0.39 4.39±0.11 4.22±0.17 4.99±0.52 0.00** 
abc: Means on the same row with different superscripts are significantly different (P ≤ 0.05 or P ≤ 0.01) M= Mahogany, MSB= Maize stover biochar, 

MC= Maize Cob, HDL= High density lipoprotein, LDL= Low density lipoprotein, TAG= Triglycerides, AST= Aspartate Aminotransferase 

In triglycerides (TAG), the results showed that birds on control diet (T1) had the highest value of 111.67 ± 1.45 which 
was significantly (p<0.05) different from the values of 95.00 ± 3.79, 91.67 ± 0.88 and 90.00 ± 0.58 recorded for T2, T3 

and T4 respectively. For Aspartate Aminotransferase (AST) levels, birds on the control diet (T1) had the highest value of 
62.33 ± 2.85, which did not differ significantly from 62.00 ± 2.31 (T2) and 62.33 ± 1.86 (T4). However, these values were 
significantly higher than the value of 53.00 ± 2.08 recorded for T3. Alanine Aminotransferase (ALT) levels were highest 
in birds on T1 (36.67 ± 2.73), while the lowest value of 29.33 ± 2.40 was observed in birds on T4. However, there were 
no significant differences in ALT levels across the treatment groups. For Alkaline Phosphatase (ALP), birds on the 
control diet (T1) recorded the highest value of 86.00 ± 1.15, while the lowest value of 82.00 ± 1.00 was observed in birds 
on T2. Similar to ALT, there were no significant differences in ALP levels across the treatment groups. 

4. Discussion 

4.1. Growth Performance of finisher Broilers Fed Varying Sources of Biochar Supplements 

The inclusion of biochar in broiler feed has significant benefits, including enhanced digestion, improved growth rate, 
better feed conversion ratio (FCR), and increased feed efficiency, which maximizes the energy absorbed from feed. 
Biochar effectively binds toxins, mitigating their adverse effects on the digestive system and intestinal flora 
(Sivaranjanee et al., 2024). These properties were evident in this study, where birds supplemented with biochar from 
maize stover (T3) demonstrated superior performance in final body weight, body weight gain, and average daily weight 
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gain. Furthermore, birds on T3 had lower total feed intake, average daily feed intake, and FCR, suggesting that the 
inclusion of maize stover biochar enabled better energy utilization from the feed, leading to higher weight gain 
compared to other biochar treatments and the control group. 

The findings align with previous studies, such as Kana et al. (2010) and Jiya et al. (2013), who reported that while dietary 
biochar at levels of 2% or higher can sometimes suppress growth rates and final body weights, it can also enhance 
growth performance when used at appropriate levels. Mongo et al. (2020) demonstrated the growth-promoting 
potential of coconut shell charcoal in broilers, while Dim et al. (2018) showed that broilers fed with 4% and 6% corn 
stover biochar achieved similar final body weights, significantly exceeding those fed with 2% biochar and the control 
diet (0% biochar). 

Additionally, Omeje et al. (2023) reported improved growth performance and reduced ammonia emissions in broilers 
fed diets supplemented with 1.5% inclusion level of maize stover biochar. Chu et al. (2013) observed better growth 
performance, immune response, and fecal microflora populations in fattening pigs supplemented with bamboo charcoal 
and bamboo vinegar as antibiotic alternatives. 

Contrastingly, Kajethan et al. (2020) found that adding 1–2% beech wood biochar to laying hen feed increased daily 
feed intake and FCR while reducing body weight. Similarly, Dim et al. (2018) noted improved growth rates, 
hematological profiles, and serum lipid profiles in broilers supplemented with 6% biochar. 

These findings reinforce the potential of biochar as an effective feed additive when used at optimal inclusion levels and 
sources, contributing to improved growth performance and overall health in poultry and other livestock animals. 

4.2. Serum Biochemical Profiles of finisher broilers fed varying sources of biochar supplements 

Blood is a complex fluid composed of various dissolved and suspended inorganic and organic substances (Jurado, 2013), 
functioning as a specialized circulating tissue. It carries oxygen from respiratory organs to body cells, distributes 
nutrients and enzymes, and removes waste products, thereby maintaining internal homeostasis (Baker and Silverton, 
1985). The functions of blood are facilitated by its constituents, and the biochemical properties of blood are influenced 
by the quality and composition of feed, including the presence of anti-nutritional factors (Akinmutimi, 2004). These 
biochemical components can serve as indicators of protein quality in feed and are often used to establish diagnostic 
baselines for managing farm animals (Tambuwal et al., 2002). 

In the present study, dietary biochar supplementation positively influenced serum biochemical parameters in broilers. 
Birds on biochar diets exhibited lower cholesterol levels and higher HDL values when compared to birds T1 (control 
diet)., while LDL and triglyceride (TAG) levels were significantly higher in birds on T1 (control diet). These findings 
align with Odunitan-Wayas et al. (2018) and Rao and Shen (2002), who reported that carotenoid-rich diets reduce 
serum cholesterol in chickens. The cholesterol-modulating effects of dietary components depend on factors such as 
breed, sex, age, and feed composition (Toghyani et al., 2010). TAG, synthesized in the liver from fatty acids, proteins, 
and glucose when energy demands are met, is stored in adipose tissue (Esubonteng, 2011). 

The results from this study on serum lipid profiles are consistent with Boonanuntanasarn et al. (2014), who observed 
significant reductions in blood cholesterol in Nile tilapia fed 20g/kg of activated charcoal. Similarly, Yoo et al. (2005) 
reported improvements in fatty acid composition and reductions in saturated fatty acids in flounders supplemented 
with charcoal and wood vinegar while Neuvonen et al. (1989) found that activated charcoal could interfere with 
enterohepatic bile acid circulation, lowering cholesterol levels. 

However, these findings are in contrast with the work of Majewska et al. (2009), who reported non-significant 
differences in triglycerides, cholesterol, or other biochemical indices in turkeys fed charcoal-containing diets. Edrington 
et al. (1997) and Majewska et al. (2003) similarly found no significant (p>0.05) biochemical changes in birds fed 
charcoal feed additives, which may be attributed to differences in biochar sources and their processing methods. 
Interestingly, this present study is in consonance with the earlier work of Chu et al. (2013) who reported decreased 
LDH, TAG, and bilirubin concentrations in pigs supplemented with bamboo biochar. 

In Aspartate Aminotransferase (AST), the control group (T1) exhibited an elevated AST values when compared to the 
treatment groups.  Report has it that Vitamin A deficiency is associated with an increase in AST and ALT levels 
(Roodenburg et al., 1996) thus, suggesting that the presence of vitamin A in the biochar may have resulted in normal 
AST levels as reported in this present study. Liver enzymes such as ALT, ALP, and AST are critical markers of liver 
function, with increased concentrations indicating potential liver damage or disease (Ambrosy et al., 2015). 
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Reduced serum albumin levels in the control group may reflect impaired protein utilization, as reported by Kakade and 
Evans (1966). This is further supported by the reduced weight gain in birds on the control diet compared to those on 
biochar-supplemented diets. Improved serum albumin levels in birds fed biochar diets indicate enhanced amino acid 
absorption and utilization, contributing to improved growth performance.  

5. Conclusion 

The research has revealed the beneficial effects of biochar as a dietary supplement in finishing broiler production. From 
the results obtained, T3 (MSB) had the best growth response, cheaper feed cost per kg weight gain and better feed 
conversion ratio (FCR). In serum biochemistry, T3 (MSB) performed better than the control and some other sources of 
biochar supplements as it was able to reduce the cholesterol level and improved the content of high density lipoprotein 
(HDL). 

Recommendation 

 It is recommended that T3 maize stover biochar (MSB) should be used as preferred biochar supplement for finisher 
broiler chickens for increased marginal profit.  

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Akinmutimi, A. H. ; Ewa, E. U. ; Ojewola, G. S. ; Okoye, F. C. ; Abasiekong, S. F. (2004). Effect of replacing soybean 
meal with lima bean meal on finishing broiler chicken. Global J. Agric. Sci., 3 (1): 1-4 

[2]  Ambrosy, A. P., Dunn, T. P. and Heidenreich, P. A. (2015). Effect of minor liver function test abnormalities and 
values within the normal range on survival in heart failure. The American Journal of Cardiology, 115(7):938-941. 

[3] Baker, F. J. and R. E. Silverton (1985). Introduction to Medical Labouratory Technology. Butter Worth and Co-
publishers Ltd. 6th ed. Pg. 12-14. 

[4] Boonanuntanasarn, S., Khaomek, P., Pitaksong, T. and Hua, Y. (2014). The effects of the supplementation of 
activated charcoal on the growth, health status and fillet composition-odor of  

[5] Breinholt, K.A.A., gowen, F. A. and Nwosu, C. C. (1981). Influence of Environmental and Animal factor on day and 
night grazing activity of imported Holtein Freisian Cows in the humid lowland tropics of Nigeria. Trop. Anim. 
Prod. 6:4. 

[6] Chu G.M. Kim J.H. Kim H.Y. Ha J.H. Jung M.S. Song Y. Cho J.H. Lee S.J. Ibrahim R.I.H. Lee S.S. and Song Y.M. (2013a). 
Effects of bamboo charcoal on the growth performance, blood characteristics and noxious gas emission in 
fattening pigs. Journal of Applied Animal Research, 41: 1, 48.55 

[7] Dim, C.E., Akuru, E.A., Egom, M.A., Nnajiofor, N.W., Ossai, O.K., Ukaigwe, C.G. and Onyimonyi, A.E. (2018). Effect of 
dietary inclusion of biochar on growth performance, haematology and serum lipid profile of broiler birds Agro 
Science, 17 (2), 8 – 16.https://dx.doi.org/10.4314/as.v17i2.2.  

[8] Edrington, T. D., Kubena, L.F., Harley, R. B., and Rottinghaus, G. E. (1997). Influence of a superactivated charcoal 
on the toxic effects of aflatoxin or T-2 toxin in growing broilers. Poultary Science, 76: 1205-2011. 

[9] Energy Research Centre UNN (2008). Annual weather record of University of Nigeria Nsukka. 

[10] Esubonteng, P. K. A. (2011). An assessment of the effect of moringa olifera leaf powder as a nutritional 
supplement in the diet. Kumasi: Kwame Nkrumah University of Science and Technology. 

[11] Gerlach, H. and Schmidt, H. P. (2012). Biochar in Poultry Farming. Ithaka Journal 1: 262-264  

[12] Jiya, E.Z., Ayanwale, B.A., Ijaiya, A.T., Ugochukwu, A. and Tsado, D. (2013). Effect of Activated Coconut Shell 
Charcoal Meal on Growth Performance and Nutrient Digestibility of Broiler Chickens. British Journal of Applied 
Science & Technology, 3 (2), 268-276. 

https://dx.doi.org/10.4314/as.v17i2.2


GSC Biological and Pharmaceutical Sciences, 2025, 30(01), 239-246 

246 

[13] Jurado, C. (2013)Toxicology/Drugs of Abuse in Encyclopedia of Forensic Sciences (2nd Edition), PP 336 - 342 
2013. https://doi.org/10.1016/B978-0-12-382165-2.00301-9 

[14] Kajethan, K., Damian, K., Mariusz, K., Jacek, A. K. and S. Opalinski (2020). Laying Hens Biochar supplementation – 
Effects on performance, excreta, Nitrogen content, Ammonia and VOCs emission, egg traits and egg consumer 
acceptance. Agriculture. 10 (6) 237. Doi: org/10.3390/agriculture10060237. 

[15] Kakade, M. L. and Evans, R. J. (1966). Growth inhibitors of rats fed navy bean fraction Phaseolus vulgaris. Journal 
of Nutrition. 90: 191-198. 

[16] Kana, J., Teguia, A. and Tchoumboue, J. (2010). Effects of dietary plant charcoal from Canarium schweinfurthii 
Engl. And maize cob on aflatoxin B1 toxicosis in broiler chickens. Adv Anim Biosci, 1: 462-463. 

[17] Kutlu, H. R., Unsal, I.and Gorgulu, M. (2001). Effects of providing dietary wood (oak) charcoal to broiler chicks 
and laying hens. Animal feed science and technology, 90 (3-4): 213-226. 

[18] Majeswka T. Mikulski D. and Siwik T. (2009). Silica grit, charcoal and hardwood ash in turkey nutrition. Journal 
of Elementology. 14 (3): 489-500. 

[19] Majewska, T. and Zaborowski, M. (2003). Charcoal in the nutrition of broiler chickens. Med. Weter., 59 (1): 81–
83. 

[20] Mongo, BV. G., Ghomsi, M. O. S., Tientcheu, B. L., Semi, A. Y., Menghueo, T. N. and Etchu, K. A. (2020). Effect of 
coconut (Cocos nucifera) shell charcoal on the growth performance of broilers. Livestock Research for Rural 
Development, 32 (3) 1-10. 

[21] Neuvonen P.J. Kuusisto P. Vapaatalo H. and Manninen V. (1989). Activate charcoal in the treatment of 
hypercholesterolaemia: doseresponse relationships and comparison withcholestyramine. European Journal of 
Clinical Pharmacology, 37: 225–230. 

[22] Odunitan-Wayas, F., Kolanisi, U. and Chimonyo, M. (2018). Haematological and Serum Biochemical Responses of 
Ovambo Chickens Fed Provitamin A Biofortified Maize. Brazilian Journal Poultry Science, 20 (3):1-11. 

[23] Ofomata, G.E.K. (1975). Soil Erosion. In: Nigeria in maps, Eastern States. Benin. Ethiope Pub. House. Pp 43-45. 

[24] Omeje, M. U., Onu, E. O., Ugwoke J. I., Onu, M. C. and A. E. Onyimonyi (2023). Growth Response, Ammonia Emission 
and Rectal Temperature of Finisher Broilers Fed Varying Levels of Maize Stover Biochar (MSB). . International 
Journal of Science Research Archives. Vol. 10 (2) pp 446-455.DOI:10.30574/ijsra.2023.10.2.1083. 

[25] Rao,A.V. and H. Shen (2002). Effect of low dose lycopene intake or lycopene bioavailability and oxidative stress. 
Nutr. Res., 22 (2002), pp. 1125-1131 

[26] Roodenburg, A. C., West, C. E., Hovenierl, R. and Beynen, A. C. (1996). Supplemental vitamin a enhances the 
recovery from iron deficiency in rats with chronic vitamin a deficiency. British Journal of Nutrition, 75(04):623-
636. 

[27] Ruttanavut, J., Yamauchi, K., Goto, H. and Erikawa, T. (2009). Effects of dietary Bamboo Charcoal Powder 
Including Vinegar Liquid on Growth Performance and Histological Intestinal Change in Aigamo Ducks. 
International Journal of Poultry Science, 2009; 8(3):229-236.  

[28] Sivaranjanee, R., P. Senthil K., B. Chitra, and Gayathri R. (2024) A critical review on biochar for the removal of 
toxic pollutants from water environment. Chemosphere-global-change-sciences. 
https://doi.org/10.1016/j.chemosphere.2024.142382  

[29] Tambuwal, F.M, Agale, B.M. and Bangana, A. (2002). Haematological and Biochemoical Values of Apparently 
Healthy Red Sokoto Goats. Proceedings of the 27th Annual Conference of Nigerian Society of Animal Production 
(NSAP), March, 17-21, 2002, FUTA, Akure, Nigeri, pp. 50-53 

[30] Toghyani, M., Toghyani, M., Gheisari, A., Ghalamkari, G. and Mohammadrezaei, M. (2010). Growth performance, 
serum biochemistry and blood hematology of broiler chicks fed different levels of black seed (Nigellasativa) and 
peppermint (Mentha piperita). Livestock Science, 129(1):173-178. 

[31] Yoo J.H Ji S.C. and Jeong G.S. (2005). Effect of dietary charcoal and wood vinegar mixture (CV82) on body 
composition of olive flounder Paralichthysolivaceus. J World Aquac. Soc., 36, 203–208.  

https://www.sciencedirect.com/science/article/pii/B9780123821652003019
https://www.sciencedirect.com/referencework/9780123821669/encyclopedia-of-forensic-sciences
https://doi.org/10.1016/B978-0-12-382165-2.00301-9

