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 Introduction: Ethnic meat products are traditional meat-based foods that have gained cultural 

and commercial significance worldwide. Suya is a popular West African ready-to-eat meat 

product made from skewered and grilled meat in Nigeria. However, concerns about its safety 

have increased due to the use of poor-quality meat and unhygienic processing practices, which 

could lead to food poisoning. Therefore, this study assessed the effects of different meat types 

on the proximate and microbial quality of suya produced in the Wukari Metropolis. 

Materials and methods: Four thousand five hundred naira of Suya samples were randomly 

collected in clean, tightly sealed containers from various Suya processors in Wukari Metropolis. 

A total of nine suya samples from each meat type (beef, chevon, and mutton) were gathered 

within the metropolis. The samples were stored at 4˚C for eight hours before conducting 

proximate and microbial analysis. Plate Count Agar (PCA) was used to measure total viable 

counts, Eosin Methylene Blue Agar (EMB) for coliform detection, Salmonella and Shigella 

Agar (SSA) for pathogenic identification, and Mannitol Salt Agar (MSA), MacConkey Agar, 

Blood Agar Base, and Potato Dextrose Agar (PDA) for fungal growth analysis. 

Results: No significant differences were observed in the proximate composition of suya based 

on meat type, except for moisture content. Suya made from mutton had the highest moisture 

content (37.48 ± 1.38%), while suya from beef had the lowest (31.88 ± 1.88%). Suya made from 

chevon recorded the highest crude protein and ash content at 26.87 ± 0.19% and 7.80 ± 0.53%, 

respectively, though the variations were insignificant. Similarly, no significant differences were 

noted in microbial counts across the different suya samples. Coliform, Salmonella, E. coli, 

Staphylococcus, and fungi were isolated from the samples, except for beef-based suya, which 

showed no presence of Salmonella. Despite the microbial presence, the suya samples were 

deemed safe and nutritious, as their microbial levels fell within the acceptable range of 2.5 × 10⁵ 

to 1.0 × 10⁸ CFU/g. 

Conclusion: The study confirmed that suya produced from different meat types is both 

nutritious and safe for consumption. However, improved hygiene practices during the 

production and handling of suya are recommended to ensure better safety and quality in the 

study area. 
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1. Introduction

Ethnic meat products refer to traditionally developed meat 

products which have become culturally and commercially 

valuable food products in different parts of the world1. They can 

be produced with different types of meat and constitute 

important elements of the food heritage and ecology of many 

countries where they have been consumed for centuries2. 

According to Laranjo et al.3, these traditional meat products are 

high-sensory quality foods, usually with high nutritional value, 

produced on a small scale, using ingredients and procedures 

from ancient times. In Nigeria, the common indigenous ready-

to-eat meat products are balangu4, kilishi5,6 , Danbu nama7, tsire8, 

jirga9, Kamsa10,11, ndako, banda and suya12. These products are 
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highly valued due to their unique flavours13,14 and cultural 

significance15. They have similar ingredients, but the method of 

production and the meat used differ from one to another, 

depending on location and the consumer's choice. Recently, 

there has been an increase in consumers' concern about the 

wholesomeness and safety of these products due to the status of 

animals which affects the meat quality, unhygienic and poor 

sanitary practices during the production and retail of the 

products which adversely affect their microbiological quality 

and hence pose a health risk to the public4,16-18. These led to the 

study of the safety and quality of suya produced from different 

meat. 

Suya is a popular West African street food made from 

skewered and grilled meat19. It is a meat product that is rich in 

nutrients such as protein, fats, minerals, and vitamins20. Suya 

originated in the Northern parts of Nigeria21, but it has 

permeated the society because of its affordability and 

availability. It is typically prepared from skewered pieces of 

beef seasoned with a spicy peanut-based marinade and then 

grilled17. Other meats can be used in its production, but beef is 

most preferred because rearing of cattle is predominantly 

known among the northerners and their major source of 

livelihood21.  Suya has been called a unifying factor in 

Nigeria22 because it is the most common ready-to-eat meat 

product among Nigerians23.  Due to these attributes, an 

increase in the demand for suya in Nigeria was observed24, and 

it’s due to factors such as increased population25, cultural 

significance26, its taste and flavor27, convenience28, and health 

considerations29. The continuing production of suya as a 

sustainable venture for meat processors depends on their 

ability to provide nutritious, wholesome, and safe products to 

the consumers30. Concern about the safety of suya for 

consumption has greatly increased due to the unwholesome 

meat and unhygienic practices employed during its 

production18. Hence, quantitative studies on the proximate 

composition and microbial load of suya products produced in 

different cities and states have identified suya as a dense, 

nutritious snack and a possible source of food poisoning16-

18,20,31-34. However, little or no research has been conducted on 

the qualities of suya produced from different meats in Wukari 

Metropolis, Taraba State. Therefore, there is a need to evaluate 

the microbial and nutritional quality of suya produced from 

different meats in the Wukari metropolis. This will provide 

database line information and bridge the knowledge gap of the 

nutritional and safety of suya produced from different meats in 

Wukari Metropolis. Hence, the study aims to evaluate the 

effects of meat types on the proximate and microbial qualities 

of Suya produced in the Wukari Metropolis. 

2. Materials and Methods 

The study was conducted in Wukari Metropolis. Wukari is 

a well-known city in Nigeria, located in Taraba State, with a 

significant population that enjoys suya as a popular street food. 

The city's geographical coordinates are latitude 7°52'36.4"N 

and longitude 9°47'01.8"E. The total land area of Wukari was 

4,308 km2, and it had a population of 241,546 as of the 2006 

census35. The vegetation of the area is predominantly 

characteristic of the savannah zone, with major climatic 

seasons of wet or rainy seasons, which start in March or April 

and end in October, and the dry season, which starts in 

November and ends in March or April. The average rainfall is 

about 1350 mm, and the average temperature is 26.8ºC36. 

Wukari is recognized for its diverse cultural heritage and 

traditional food practices37. 

2.1. Collection of suya samples 

Ready-to-eat suya samples of four thousand five hundred 

naira (Nigerian currency) were randomly collected in clean 

plastic, tightly sealed containers from different suya processors 

in different wards (Puje, Avyi, Hospital, and Chonku). A total 

of 9 samples of suya for each of the meat types (beef, chevon, 

and mutton) were collected within Wukari Metropolis, Taraba 

State. The samples were stored in tightly sealed containers and 

kept in the refrigerator at 4˚C for 8 hours for proximate and 

microbial analysis. 

2.2. Proximate analysis  

The proximate composition of suya, such as the moisture 

content, crude protein, fat, ash, and nitrogen-free extract 

contents, was determined according to the procedure described 

by AOAC38. The process started with sample preparation, 

followed by drying to a certain moisture level. Ash content 

was determined by incineration while protein was measured 

using a nitrogen determination method, such as the Kjeldahl 

method ISO 2048339. Fat was extracted with solvents and 

quantified gravimetrically. 

2.3. Microbial analysis  

This was done according to the procedure described by Buhari 

et al.40. Using a sterile knife, 10 g of the sample was cut and 

transferred aseptically into 90 mL of 0.1% sterile peptone water. It 

was allowed to soak for about 10 minutes, after which 1 mL was 

transferred into a bottle containing 0.1 % sterile peptone water 

(10-1) dilution. This was severely diluted with a 10-7 dilution and 

obtained with the aid of a sterile pipette. 0.1 mL of 10-5 dilution 

was aseptically transferred onto the surface of an agar Plate Count 

Agar (PCA) used for total viable counts, Eosin methylene blue 

agar (EMB) was used for coliform, Salmonella and Shigella agar 

(SSA) for pathogenic detection, mannitol salt agar (MSA) 

Macconkey agar, blood agar base and potato dextrose agar plates 

(PDA) for fungal growth and were spread evenly on the surface 

by using a spreader respectively. The plates were then incubated 

at 37 ˚C for 24 hours. At the end of the incubation period, the 

bacterial and fungal colonies grown on both media were counted 

and the result was expressed as colony forming unit per gram 

(CFU/g) by using the formula41: 

 

2.4. Statistical analysis 

The data was statistically analyzed using one-way Analysis 

of Variance (ANOVA), and significantly different means were 

separated using Least Significant Difference (LSD). SPSS 

software version 20 was used at a 5% level of probability. 

3. Results 

3.1. Effects of meat types on proximate composition  

Effects of meat types on the proximate composition of suya 

produced in Wukari Metropolis, presented in Table 1, showed 
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no significant differences across the suya samples (p > 0.05) 

except for moisture content, where a significant difference was 

only observed (p < 0.05). Suya produced from mutton 

significantly (p < 0.05) differs from other suya samples in 

moisture content. The highest moisture content (37.48 ± 

1.38%) was found in suya produced from mutton, followed by 

suya produced from chevon (33.85 ± 1.96%), while the lowest 

moisture content (31.88 ± 1.88%) was found in suya produced 

from beef. Although there were no significant differences in 

other proximate parameters however, numerically the 

highest crude protein, ash, and carbohydrate contents (26.87 

± 0.19, 7.80 ± 0.53 and 10.95 ± 7.72 %) were found in suya 

made from chevon respectively compared to other suya 

samples while the highest fat content (19.95 ± 6.88%) was 

found in suya made from beef and the lowest fat content 

(15.65 ± 6.69%) was recorded in suya produced from 

chevon across the samples.

 
Table 1. Effects of Meat Types on Proximate Composition of Suya Produced in Wukari Metropolis of Taraba State, Nigeria in 2024 

 

Parameters 

Suya produced from beef 

(%) 

Suya produced from chevon 

(%) 

Suya produced from Mutton 

(%) P-Value 

Mean± SD Mean± SD Mean± SD 

Moisture 31.88±1.88b 33.85±1.96b 37.48±1.38a 0.02 

Crude protein 25.59±1.04 26.87±0.19 25.80±1.18 0.26 
Fat 19.95±6.88 15.65±6.69 19.00±3.06 0.65 

Crude fibre 4.87±0.31 3.22±2.79 5.02±0.05 0.38 

Ash 7.61±1.70 7.80±0.53 7.73±0.49 0.98 
Carbohydrate 10.10±3.59 10.95±7.72 3.28±0.31 0.19 

Results represent Means ± Standard Deviation (SD), abc Means with different superscripts along the same rows show significant differences at (p < 0.05) 

 

3.2. Effects of meat types on microbial counts  

Table 2 showed no significant difference in the effects of 

meat types on microbial counts of suya produced in Wukari 

Metropolis (p > 0.05). However, microbes such as Salmonella, 

Fungi, Staphylococcus, coliform, and Escherichia coli were 

isolated from the suya samples. Variations that were not 

significantly different were found on suya produced from beef, 

having the highest total bacteria of 3.65×102 ± 364.2 CFU/g (p 

> 0.05). While suya produced from mutton had the highest 

counts (8.40×102 ± 150.2 and 6.21 ×102 ± 259.4 CFU/g) for 

total coliform and fungi, respectively. Additionally, 

Salmonella was absent in suya produced from beef, while 

the highest Salmonella and Escherichia coli count (1.68 

×102±361.1 and 1.63 ×102±139.2 CFU/g) were found in 

suya produced from chevon. The Total Bacteria Count 

(TBC) in this study ranged from 2.20 ×102 ± 90.55 - 

3.65×102 ± 364.2 CFU/g. 

 
Table 2. Effects of meat types on microbial counts of suya produced in Wukari Metropolis of Taraba State, Nigeria in 2024 
 

Parameter 

Suya produced from beef 

(CFU/g) 

Suya produced from chevon 

(CFU/g) 

Suya produced from Mutton 

(CFU/g) P-Value 

Mean± SD Mean± SD Mean± SD 

Total bacterial count 3.65×102±36.2 2.20 ×102±90.55 2.73 ×102±154.1 0.56 

Total Coliform 6.16 ×102±223.8 6.50 ×102±164.6 8.40×102±150.2 0.10 
Salmonella 0.00 1.68 ×102±361.1 1.31 ×102±109.1 0.39 

Fungi 3.23 ×102±308.7 2.65 ×102±313.2 6.21 ×102±259.4 0.11 

Staphylococcus 4.06 ×102±217.1 5.03 ×102±294.3 2.23 ×102±78.40 0.11 
Escherichia coli 0.73 ×102±82.62 1.63 ×102±139.2 1.36×102±120.4 0.41 

Results represent Means ± Standard Deviation (SD) 

 

4. Discussion 

4.1. Effects of meat types on proximate composition  

Proximate composition refers to the analysis of the basic 

macronutrients and components that make up a food or 

biological sample. It provides a breakdown of the major 

constituents, typically expressed as a percentage of the total 

mass39. Water is one of the important constituents of all food 

materials. The significant variations found in moisture content 

with suya produced from mutton having the highest content 

(Table 1) could be due to the variations in the moisture content 

of the different meats used, the grilling period, and the 

intensity of the fire used by the processors during their 

production. This agrees with the report that the differences in 

the proximate composition of suya could be the processing 

technology18. The moisture content found in this study showed 

that the suya samples were not a staple food. According to 

Ahmad et al.41 stable food materials have less than 15% 

moisture content. Therefore, the suya samples are prone to 

microbial spoilage if not consumed immediately after 

production or preserved by refrigerating. This is in 

agreement with the report of Azad et al.42 that the higher the 

water contents of any food material, the shorter its shelf life 

due to invasion by micro-organisms, which reduce their 

quality and shelf life. However, an increase in the moisture 

content could enhance their sensory qualities. According to 

Mir et al. 43, moisture content affects the color, texture, and 

flavor of the muscle tissues of meat. The range of moisture 

content found in this study is similar to the range of 36.65 – 

39.09% reported by Ogbonna et al.18, but lower than the 41 

% reported by Salihu et al.44. However, it is higher than 

22.75 - 23.11% reported by Ayanniyi et al.45 and within the 

range of 28.31 - 47.76% reported by Ahmad et al.46. 
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Proteins are naturally occurring complex nitrogenous 

compounds having a very high molecular weight consisting of 

carbon, hydrogen, oxygen, and most importantly, nitrogen47. 

No significant difference (p > 0.05) was found in the crude 

protein content of the suya samples, implying that the different 

meats used in suya production had similar crude protein 

contents and the crude protein content was not affected by the 

meat types. The little variation and higher crude protein found 

in suya produced with mutton could be attributed to the 

amount of the spices used which could add its crude protein 

content to the suya sample while the numerical reduction in 

suya produced from beef and chevon could be attributed to the 

leaching of soluble proteins due to increase in intensity of the 

heat during processing. Young et al.48 reported that heating of 

meat and meat products causes muscle proteins to denature, 

and the production process can lead to the loss of some soluble 

proteins49.  Processing of meat to suya aids in enhancing the 

protein content of raw meat by adding value to it. According to 

Naclerio et al.50 protein content of beef ranges between 18 – 25 

%, while the range of 16 – 22% and 20 – 28 % was obtained in 

mutton and chevon, respectively. These values are lower than 

the value of protein found in suya51,52.  It implies that suya is a 

good source of protein because, according to WHO52 estimated 

average daily protein requirement for an adult is 52.5 g. 

Protein is essential for muscle growth, repair, immune 

function, and overall cell health53. The range of crude protein 

found in this study is higher than 8.83 ± 0.58 % reported by 

Nworu et al.54 and 8.21 - 16.88 % reported by Ahmad et al.46, 

but lower than 29.51 % reported by Salihu et al.44 and the 

range of 28.33 – 35.10 % reported by Ogbonna et al.18. 

The fat content of meat functions as energy deposits, 

protective padding in the skin and around organs, especially 

the heart and kidneys as well as provides insulation against 

body temperature losses47. No significantly lower fat content 

found in suya produced from chevon could be attributed to the 

differences in the fatty acid composition of fatty tissues of the 

meat since the range of fat content (3 - 5%) of chevon55,56 is 

lower than 5 - 10% of beef 53 and 6 - 15% of mutton56,57. This 

agrees with the report of Ahmad et al.41 that there are 

significant differences in the fatty acid composition of fatty 

tissues in different locations in poultry and other animals. In 

addition, Champomier-Verge et al.57 also reported that the 

physicochemical parameters of various meat products depend 

on the type of meat. Furthermore, it could be due to the 

intensity of the grilling process. This agrees with Grunert et 

al.58 who reported significant losses of fat in many meat cuts 

during broiling, grilling, and pan frying without added fat. 

However, the suya produced by chevon could be preferred by 

consumers who like low-fat products and have a bias against 

foods that are high in fat due to health-related issues related to 

animal fat consumption59,60. Higher fat content found in 

samples of suya produced from beef and mutton is expected to 

enhance flavor and juiciness, and hence the acceptability of the 

products61. The range of fat content recorded in this study is 

similar to 19.30 % reported by Salihu et al.44 but higher than 

5.22 – 8.75 % reported by Ayanniyi et al.45 and lower than 

20.54 ± 4.0 % reported by Nworu et al.54 and 20.90 – 28.26 % 

reported by Ogbonna et al.18.  

Furthermore, according to AOAC62 ash content of a 

material is the inorganic residue remaining after the organic 

matter has been destroyed by combustion in the muffle 

furnace. Minerals are the nutrients present in food materials 

that do not contain the element carbon in them and are required 

for the proper growth, development, as well as maintenance of 

the human body63. The similar ash content found across the 

samples is an indication that all the suya samples are good 

sources of minerals. The ash content is not affected by the 

different meats but rather by the spices used during production. 

This agrees with the report of Elizabeth64 that the ash content 

of any processed meat would be the ash content of the muscle 

tissue, including that of the ingredients used. The range of ash 

contents in this study is higher than the 6.61 % reported by 

Salihu et al.44 range of 1.80 - 2.86 % reported by Ogbonna et 

al.18, 4.57±0.10 % reported by Nworu et al.54, 6.61 % reported 

by Salihu et al.44 but lower than 24 – 46 % reported by Ahmad 

et al.46. 

Meat has little or no crude fiber. Therefore, the low crude 

fiber found across the suya samples could be attributed to the 

spices used during production, since they are of plant origin, 

which is high in common sugars65. The range of crude fiber in 

this study is within the range of 0.99 – 13.58 % reported by 

Ahmad et al.46. Similarly, meat has little carbohydrate, 

however, the carbohydrate contents found across the suya 

samples are from the spices used. The lower carbohydrate 

content found in suya made from mutton could be attributed to 

the higher amount of spices used during production. 

Carbohydrates are the main source of energy in humans, and 

the range found in this study is higher than the range of 1.05 - 

2.74 % reported by Ahmad et al.46. 

4.2. Effects of meat types on microbial counts  

The microbial counts of any meat product reflect the level 

of microbial contamination present, which can indicate the 

food's safety and quality. No significant difference found 

across the suya samples is an indication that the different 

meats used have no significant effect on the microbial load of 

the suya samples; rather, the microbial load could be from the 

environment, unhygienic handling practices, or poor sanitary 

conditions, and inadequate cooking temperatures12,66-69. The 

absence of salmonella found in suya produced from beef could 

also be attributed to proper hygiene practices or proper 

handling practices during production, compared to other suya 

samples. Despite the presence of microbes isolated in this 

study, the suya samples had lower microbial counts, safe for 

consumption, and did not pose any health risk since they fall 

within the recommended range of less than 106 CFU/g as a 

satisfactory limit and 106 to <107 CFU/g as an acceptable 

range70. Additionally, the acceptable limits of ≤ 103 and 

tolerable limits of 104 to 105 for total aerobic bacterial and 

fungal counts were reported by the International Commission 

on Microbiological Specifications for Foods71. For ready-to-eat 

foods, the Commission recommended a range limit of 2.5 ×105 

- 1.0 ×108 CFU/g for consumable meat products. The study is 

in agreement with the report of Ike and Ogwuegbu12 that 

isolated Escherichia coli, Salmonella species, and 

Staphylococcus aureus from locally processed suya sold in 

Owerri metropolis, Imo State, Nigeria. Ogbonna et al.18 also 

reported isolation of Escherichia coli, Salmonella, and Shigella 

in suya samples from Maiduguri, Northern Nigeria. Omotoso 

et al.68, Adeleye et al.71 also reported that Staphylococcus spp, 



Vivian Ogechi et al. / Farm Animal Health and Nutrition. 2025; 4(1): 14-20 

 

18 

Escherichia coli, Bacillus sp, Salmonella, and Klebsiella sp. 

were the most identified bacterial contaminants in suya. The 

range of coliform and fungi counts in this study is within the 

range of 0.5x101 ± 0.13 – 1.5×102 ± 0.10 and 3.9×101 ± 0.08 – 

1.3 ×103±0.14 CFU/g of coliform and fungi counts reported by 

Ike and Ogwuegbu12, respectively. But lower than 5.83×103 

CFU/g of coliform count reported by Salihu et al.44. In 

addition, the range of total bacterial count in this study is lower 

than 2.14×105 CFU/g reported by Salihu et al.44, which is an 

indication that the suya samples were done in poorer, 

unhygienic practices compared to those of this study. 

5. Conclusion 

In the study of the effects of meat types on proximate and 

microbial qualities of suya produced in Wukari Metropolis, no 

significant difference was observed in the effects of meat types 

on proximate composition across the suya samples except on 

moisture content where a significant difference was observed. 

Suya produced from mutton had the highest moisture content 

(37.48 ± 1.38%) while the lowest moisture content was found 

in suya produced from beef (31.88 ± 1.88%). Furthermore, no 

significant differences were found in the effects of meat types 

on microbial counts across the suya samples. However, 

microbes such as Coliform, Salmonella, E. coli, 

Staphylococcus, and Fungi were identified and isolated from 

the suya samples except on suya produced from beef where 

Salmonella was absent. However, despite the isolation of these 

microbes the suya samples were fit for consumption and do not 

pose any health risk since they fall within the recommended 

acceptable range of 2.5 ×105 - 1.0 ×108 CFU/g. Therefore, the 

study implies that the meat types (beef, chevon, and mutton) 

have similar effects on the proximate and microbial qualities of 

the suya produced in Wukari Metropolis. They are nutritious, 

safe for consumption, and do not pose any health risk to the 

public. Nevertheless, proper hygiene practices and sanitary 

conditions in the production and handling of the suya should 

be improved in the study area. 
 

Declarations 

Competing interests 

There is no conflict of interest. 
 

Authors’ contributions 

Research conceptualization and design, supervision, 

drafting of the article, review, and editing was done by Iyiola 

Vivian Ogechi while the acquisition of data, methodology, 

data validation, and analysis was carried out by Danladi Philip, 

and Aladi Nnanyere also participated in writing, reviewing, 

and editing. Msughter Gloria contributed to the acquisition of 

data or analysis. All authors gave final approval of the version 

to be published and agreed to be accountable for all aspects of 

the work in ensuring that questions related to the accuracy or 

integrity of any part of the work are appropriately investigated 

and resolved. 
 

Acknowledgments  

We appreciate the contributions and assistance of the staff 

of the Department of Soil Science, as well as the students and 

staff of the Department of Animal Production and Health, 

Faculty of Life Sciences and Agriculture. 
 

Funding 

This research received no specific grant from any funding 

agency in the public, commercial, or not-for-profit sectors. 
 

Availability of data and materials 

The data and materials can be made available to the 

community 

 

Ethical considerations  

We declare that we have observed ethical issues, including 

plagiarism, double submission, and data originality. 

All protocols adhered to the ethical approval by the Board 

of Examiners of the Department of Animal Production and 

Health, Federal University Wukari, Taraba State, Nigeria. 

 
References 

1. Gagaoua M, and Boudechicha HR. Ethnic meat products of the North 

African and Mediterranean countries: An overview. J Ethn Foods. 2018; 
5(2): 83-98. DOI: 10.1016/j.jef.2018.02.004 

2. Campos SD, Alves RC, Mendes E, Costa AS, Casal S, and Oliveira MBP. 
Nutritional value and influence of the thermal processing on a traditional 

Portuguese fermented sausage (alheira). Meat Sci. 2013; 93(4): 914-918. 

DOI: 10.1016/j.meatsci.2012.09.016 

3. Laranjo M, Talon R., Lauková A, Fraqueza M J, and Elias M. Traditional 

meat products: improvement of quality and safety. J Food. 2017; 2873793. 

DOI: 10.1155/2017/2873793 
4. Yusuf MA, Tengku A, Hamid TA, and Hussein I. Isolation and 

identification of bacteria associated with Balangu (roasted meat product) 

sold in Bauchi, Nigeria. IOSR J Pharm. 2012; 2(6): 38-48. Available at: 
http://www.iosrphr.org/papers/v2i6/Part_5/H02653848.pdf 

5. Iyiola VO, and Bulus SU. Effects of slurries on the quality of kilishi. J Anim 

Sci Vet Med.  2024; 9(5): 213-221. DOI: 10.31248/JASVM2024.470 
6. Iheagwara MC, and Okonkwo TM. Effect of processing techniques on the 

microbiological quality of Kilishi. A traditional Nigerian dried beef product. 

J Meat Sci Technol. 2016; 4(1): 11-17. Available at: 
www.jakraya.com/journal/jmst 

7. Tank OO, Dogo M, and Donaldben N. Proximate and sensory properties of 

danbu nama produced from three different meat source (Beef, Mutton, 
Chevon). J Health Syst Res. 2024; 6(3): 139-148. Available at: 

https://ssaapublications.com/sjhsr/article/view/379 

8. Olaoye OA, Ubbor SC, and Lawrence IG. Assessment of the effect of 
different packaging materials on some quality indices of a Nigerian stick 

meat (Tsire) during storage. Adv Food Sci  Eng. 2018; 2: 30-37. DOI: 

10.22606/afse.2018.21004 
9. Food and agricultural organization (FAO). Manual on simple methods of 

meat preservation. FAO animal production and health paper. 1990. 

Available at: http://www.fao.org/docrep/003/x6932e/X6932E00.htm#TOC 
10. Yusuf HL, Isma’il BB, Igwegbe AO, Idakwo PY, and Bako HK. Moisture 

Sorption Studies of Kamsa: A Smoke-dried meat product stored over a 

period of six months, using gab and bet models. European J Eng Tech Res. 
2020; 5(4): 501-509. DOI: 10.24018/ejeng.2020.5.4.1864. 

11. Yusuf H, Igwegbe AO, Idakwo PY, Ahmad G, and Sani A. Physico-

chemical and microbiological analyses of a smoke-dried meat product 
(Kamsa) during six months storage period. Agri Res and Tech: Open Access 

J. 2020; 24(2): 48-52. DOI: 10.24018/ejeng.2020.5.4.1864 

12. Ike CC, and Ogwuegbu HO. Microbial quality of locally processed suya 
sold in Owerri metropolis, Imo State, Nigeria. GSC Biol Pharm Sci. 2020; 

12(3): 44-50. DOI: 10.30574/gscbps.2020.12.3.0221 

13. Lee SJ, and Park GS. The quality characteristics of beef jerky prepared 
with various spices. Korean J Food Cookery Sci. 2004; 20(5): 489-497. 

Available at: https://koreascience.kr/article/CFKO200411922608995 

14. Biscola V, Todorov SD, Capuano VSC, Abriouel H, Gálvez A, and 
Franco BDGM. Isolation and characterizaion of a nisin-like bacteriocin 

produced by lacto- coccus lactis strain isolated from charqui, a Brazillian 

fer- mented, salted and dried meat product. Meat Sci. 2013; 93(3): 607-613. 
DOI: 10.1016/j.meatsci.2012.11.021 

15. Thomas P, Yanis C, Annesopie P, Sunita JS, and Antoine C. 

Physicochemical and microbiological characteristics of biltomg, a traditional 
salted dried meat of South Africa. Meat Sci. 2014;  96(3): 1313-1317. DOI: 

10.1016/j.meatsci.2013.11.003 

https://doi.org/10.1016/j.jef.2018.02.004
https://doi.org/10.1016/j.meatsci.2012.09.016
https://doi.org/10.1155/2017/2873793
http://www.iosrphr.org/papers/v2i6/Part_5/H02653848.pdf
https://doi.org/10.31248/JASVM2024.470
http://www.jakraya.com/journal/jmst
https://ssaapublications.com/sjhsr/article/view/379
https://dx.doi.org/10.22606/afse.2018.21004
http://www.fao.org/docrep/003/x6932e/X6932E00.htm#TOC
https://doi.org/10.24018/ejeng.2020.5.4.1864.
https://doi.org/10.24018/ejeng.2020.5.4.1864
https://doi.org/10.30574/gscbps.2020.12.3.0221
https://koreascience.kr/article/CFKO200411922608995
https://doi.org/10.1016/j.meatsci.2012.11.021
https://doi.org/10.1016/j.meatsci.2013.11.003


Vivian Ogechi et al. / Farm Animal Health and Nutrition. 2025; 4(1): 14-20 

 
 

19 

16. Akinyanju OO, and Odusote KA. Red suya syndrome. Lancet. 1983; 

23;1(8330):935. DOI: 10.1016/s0140-6736(83)91367-3  

17. Inyang CU, Igyor MA, and Uma EN. Bacteriological quality of a smoked 

meat product (suya). Nigerian Food J. 2005; 23(1): 239-242. DOI: 
10.4314/nifoj.v23i1.33622 

18. Ogbonna IO, Danladi MS, Akinmusire O, and Odu CE. Microbiological 

Safety and proximate composition of suya stored at ambient temperature for 
six hours from maiduguri, Northern Nigeria. J Food Saf. 2012; 14(2012): 

11-16. Available at: https://api.semanticscholar.org/ 

19. Adeyeye SAO. Effect of processing methods on quality and safety of 
suya, a west African grilled meat. J Culin Sci Technol. 2017; 15(2): 158-

170.  DOI: 10.1080/15428052.2016.1225536 

20. Adeyeye SAO. Safety issues in traditional West African foods: A critical 
review. J Culin Sci Technol. 2016; 15(2): 101-125. DOI: 

10.1080/15428052.2016.1225533 

21. Edema MO, Osho AT, and Diala CI. Evaluation of microbial hazards 
associated with the processing of Suya (a grilled meat product). Sci Res 

Essays. 2008; 3(12): 621-626. Available at: 

https://www.academicjournals.org/app/webroot/article/article1380537185_E
dema%20et%20al%20Pdf.pdf 

22. Osalumhense OS, and Ekundayo IO. A review of street grilled meat 

(suya) in Benin city, Nigeria: A potential public health risk. Bact Emp. 
2020; 3(3): 58-61. DOI: 10.36547/be.2020.3.3.58-61 

23. Bello TK, and Bello OO. Bacteriological safety of suya, a ready-to-eat 

beef product, and its association with antibiotic-resistant pathogens in 
Nigeria. Carpathian. J Food Sci Technol.  2020; 12(5): 81-98. DOI: 

10.34302/crpjfst/2020.12.5.6 
24. Ahmadu J, and Aduwa M. Economic analysis of suya production in Benin 

City, Edo State, Nigeria. J Agric Sci Environ. 2015; 15(1): 15-24. DOI: 

10.51406/jagse.v15i1.1468 
25. Adebowale O, Ekundayo O, Olasoju M, Bankole N, Oladejo O, and 

Awoseyi A. Causes of organ condemnation in food animals slaughtered at a 

municipal bacteriological quality assessment of ready-to-eat hawked suya in 
Dutse urban, Northwest Nigeria abattoir in Oyo State, Nigeria. Savannah 

Vet J. 2021; 4: 14. DOI: https://doi.org/10.36759/svj.2021.140 

26. Iwar V. Hygiene beliefs, attitudes, and practices of suya producers in 
Nigeria. Doctoral dissertation, Walden University, Minneapolis, Minnesota 

United States, 2017. Available at: 

https://scholarworks.waldenu.edu/cgi/viewcontent.cgi?article=4889&context
=dissertations 

27. Nachay K, and Malochleb M. Ingredients solve product development 

challenges. Food Technol. 2019; 73: 53-85. Available at: 
https://www.ift.org/~/media/food%20technology/pdf/2019/05/0519_feat4_in

gredients.pdf 

28. Ayoade AA, Gbolahan SS, and Sowole AR. Assessment of road side 
snacks’ microbiological qualities in Ilese-Ijebu Southwestern Nigeria: 

Implications on packaging and bioaerosol monitoring. ABC Res Al. 2017; 

5(3): 9-18. DOI: 10.18034/ra.v5i3.315 
29. Petrikova I, Bhattacharjee R, and Fraser PD. The Nigerian diet and its 

evolution: review of the existing literature and household survey data. 

Foods, 2023; 12(3): 443. DOI: 10.3390/foods12030443 
30. Egbebi AO, and Seidu KT. Microbiological evaluation of suya (dried 

smoked meat) sold in Ado and Akure, South West Nigeria. Eur J Exp Biol. 

2014; 1(4): 1-5. Available at: 
https://www.primescholars.com/articles/microbiological-evaluation-of-suya-

dried-smoked-meat-sold-in-adoand-akure-south-west-nigeria.pdf 

31. Madueke SN, Awe S, and Jonah AI. Microbiological analysis of street 
foods along Lokoja-Abuja express way, Lokoja. Am J Res Commun. 2014; 

2(1): 196-211. Available at: http://www.usa-journals.com/wp-

content/uploads/2014/01/Madueke_Vol21.pdf  
32. Jegede OB, Ogunwole OA. and Omojola AB. Quality attributes and safety 

of processed meat products in Ibadan, Nigeria. Niger J Anim Prod. 2018; 

45(4): 210-221. DOI: 10.51791/njap.v45i4.549 
33. Amadi EC, Nwangwu CC, and Yusuf HI. Microbial quality of spicy 

roasted meat (suya) retailed in Ogbete main market and Oye Emene market, 

in Enugu Metropolis, Nigeria. Am J Food Technol. 2021; 9(4): 155-160. 
Available at: https://pubs.sciepub.com/ajfst/9/4/7/index.html 

34. Hassan IA, Emun HO, and Adekunle EO. Microbial quality of ready to eat 

Barbecue meat (suya) sold on the streets of Lagos State. Int J Adv Pharm 
Biol Chem. 2014; 3(4): 973-982.  Available at: 

https://www.ijapbc.com/files/03-12-14/23-3307.pdf 

35. World Atlas. Wukari, Taraba, Nigeria. 2015. Available at: 
https://www.worldatlas.com/af/ng/16/where-is-wukari.html  

36. Taraba state dairy. Climate.  2008. Available at: 

https://tarabastatedairy.org/climate/ 

37. Agbu AD. Women and economic development in nigeria: the case of 

Wukari local government area. Jalingo J of African Stu, 2012; 22-28. 

38. Association of official analytical chemists (AOAC). Official methods of 

analysis. Arlington, VA: AOAC International, 2016. 
39. ISO 20483: Determination of Nitrogen content and crude protein content- 

Kjeldahi method. 2006. Availablea at: 

https://www.iso.org/obp/ui/#iso:std:iso:20483:ed-1:v1:en 
40. Buhari ASM, Kamaldeen ASK, Hassan, and Ummu KM. Isolation of 

fungal flora in carpet and floor dust samples as an indicator of indoor air 

quality (IAQ): A case study of a Nigerian Institution. Int J Sci Res. 2012; 
2(8): 22-28. Available at: 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=49478d6

8358a4ac147506cc36881e2da6aaa492d#page=23 
41. Ahmad RS, Imran A, and Hussain MB. Nutritional composition of meat. 

In: Arshad MS, editor. Meat Sci Nut. 2018. DOI: 10.5772/intechopen.77045  

42. Azad ZAA, Ahmad MF, and Siddiqui WA. Food spoilage and food 
contamination. Health and safety aspects of food processing technologies, 

2019; p. 9-28. Available at: https://link.springer.com/chapter/10.1007/978-3-

030-24903-8_2 
43. Mir NA, Rafiq A, Kumar F, Singh V, and Shukla V. Determinants of 

broiler chicken meat quality and factors affecting them: A review. J Food 

Sci Technol. 2017; 54: 2997-3009. DOI: 10.1007/s13197-017-2789-z  
44. Salihu DY, Duru S, Abdu SB, Munza BM, Abdu MB, Sadiq AA, et al. 

Effect of breed, chilling duration and processed product on the quality 

characteristics of mutton. Niger J Anim Prod.  2020; 47(1): 100-113. DOI: 
10.51791/njap.v47i1.194 

45. Ayanniyi NN, Olusola OO, Adeyem, SA, Gbanguba AU, Umar A, Eze 
JN, et al. Quality attributes of suya from indigenous goat breeds (bucks) in 

Nigeria: Introduction. Badeggi J Agric Res Environ. 2022; 4(3): 23-34. DOI: 

10.35849/BJARE202203/72/004\ 
46. Ahmad A, Baba J, and Ahmed TS. Proximate analysis and mycological 

evaluation of mold species in grilled meat (suya) sold in Ilorin, Kwara State, 

Nigeria. EC Microbiology. 2022; 18(5): 10-20. 
https://ecronicon.net/assets/ecmi/pdf/ECMI-18-01216.pdf 

47. Mitch WA, Richardson SD, Zhang X, and Gonsior M. High-molecular-

weight by-products of chlorine disinfection. Nat Water. 2023; 1(4): 336-347. 
DOI: 10.1038/s44221-023-00064-x 

48. Young OA, Frost DA, and Agnew M. Analytical methods for meat and 

meat products. Handbook of meat and meat processing. Boca Raton, 
Florida: CRC Press; 2012. p. 140-159. Available at: 

https://www.taylorfrancis.com/chapters/edit/10.1201/b11479-11/analytical-

methods-meat-meat-products-young-frost-agnew 
49. Arihara K. Strategies for designing novel functional meat products. Meat 

science. 2006; 74(1): 219-229. DOI: 10.1016/j.meatsci.2006.04.028 

50. Naclerio F, Seijo M, Larumbe-Zabala E, Ashrafi N, Christides T, Karsten 
B, et al. Effects of supplementation with beef or whey protein versus 

carbohydrate in master triathletes. J Am Coll Nutr. 2006; 36(8): 593-601. 

DOI: 10.1080/07315724.2017.1335248 
51. Lalhriatpuii M, and Singh AK. Goat meat: No less source of protein in 

comparison to other meat for human consumption. In: Kukovics S, editor.  

Goat science-environment, health and economy. IntechOpen. DOI: 
10.5772/intechopen.97735 2021 

52. World health organization (WHO). Essential safety requirements for street 

vended foods. Foods safety unit, division of food and nutrition. 
WHO/FNUI/FOSF.  1996; 96: 7. 

53. Shao T, Verma HK, Pande B, Costanzo V, Ye W, Cai Y, et al. Physical 

activity and nutritional influence on immune function: An important strategy 
to improve immunity and health status. Front Physiol. 2021; 12: 751374. 

DOI: 10.3389/fphys.2021.751374 

54. Nworu JS, Chime EC, Edafiokena A, Amitaye AN, Ovili VU, Kazeem 
WO, et al, Proximate composition and microbial level estimation of some 

selected roasted/fried food items sold along Nigeria roadsides. Malays J 

Halal Res. 2021; 4(2): 31-35. DOI: 10.2478/mjhr-2021-0007 
55. Beisenov AK, Amanzholov KŻ, Mirzakulov SM, Miciński B, Pogorzelska 

J, and Miciński J. Fattening, slaughter features and meat mineral 

composition of 3 beef cattle breeds. J Elem. 2017; 22(3): 1141-1154. DOI: 
10.5601/jelem.2017.22.1.1394 

56. Momot M, Nogalski Z, Sobczuk-Szul M, and Pogorzelska-Przybyłek P. 

Effect of fattening intensity on the fatty acid profile and mineral content of 
meat from Holstein-Friesian bulls. J Elem. 2016; 21(4): 1081-1091. DOI: 

10.5601/jelem.2015.20.4.1085 

57. Champomier-Verge`s MC, and Zagorec M. Spoilage microorganisms: 
Risks and control. In: Toldra F, editor. Handbook of fermented meat and 

poultry. 2nd ed. John Wiley & Sons, Ltd; 2015. p. 385 - 388. DOI: 

10.1002/9781118522653.ch45  

https://doi.org/10.1016/s0140-6736(83)91367-3
https://doi.org/10.4314/nifoj.v23i1.33622
https://doi.org/10.1080/15428052.2016.1225536
https://doi.org/10.1080/15428052.2016.1225533
http://www.academicjournals.org/SRE
https://www.academicjournals.org/app/webroot/article/article1380537185_Edema%20et%20al%20Pdf.pdf
https://www.academicjournals.org/app/webroot/article/article1380537185_Edema%20et%20al%20Pdf.pdf
https://doi.org/10.36547/be.2020.3.3.58-61
https://doi.org/10.34302/crpjfst/2020.12.5.6
https://doi.org/10.51406/jagse.v15i1.1468
https://doi.org/10.36759/svj.2021.140
https://scholarworks.waldenu.edu/cgi/viewcontent.cgi?article=4889&context=dissertations
https://scholarworks.waldenu.edu/cgi/viewcontent.cgi?article=4889&context=dissertations
https://www.ift.org/~/media/food%20technology/pdf/2019/05/0519_feat4_ingredients.pdf
https://www.ift.org/~/media/food%20technology/pdf/2019/05/0519_feat4_ingredients.pdf
https://doi.org/10.18034/ra.v5i3.315
https://doi.org/10.3390/foods12030443
https://www.primescholars.com/articles/microbiological-evaluation-of-suya-dried-smoked-meat-sold-in-adoand-akure-south-west-nigeria.pdf
https://www.primescholars.com/articles/microbiological-evaluation-of-suya-dried-smoked-meat-sold-in-adoand-akure-south-west-nigeria.pdf
http://www.usa-journals.com/wp-content/uploads/2014/01/Madueke_Vol21.pdf
http://www.usa-journals.com/wp-content/uploads/2014/01/Madueke_Vol21.pdf
https://doi.org/10.51791/njap.v45i4.549
https://pubs.sciepub.com/ajfst/9/4/7/index.html
https://www.ijapbc.com/files/03-12-14/23-3307.pdf
https://www.worldatlas.com/af/ng/16/where-is-wukari.html
https://tarabastatedairy.org/climate/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=49478d68358a4ac147506cc36881e2da6aaa492d%23page=23
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=49478d68358a4ac147506cc36881e2da6aaa492d%23page=23
https://doi.org/10.5772/intechopen.77045
https://link.springer.com/chapter/10.1007/978-3-030-24903-8_2
https://link.springer.com/chapter/10.1007/978-3-030-24903-8_2
https://doi.org/10.1007/s13197-017-2789-z
https://doi.org/10.51791/njap.v47i1.194
https://doi.org/10.35849/BJARE202203/72/004/
https://ecronicon.net/assets/ecmi/pdf/ECMI-18-01216.pdf
https://doi.org/10.1038/s44221-023-00064-x
https://doi.org/10.1016/j.meatsci.2006.04.028
https://doi.org/10.1080/07315724.2017.1335248
https://doi.org/10.5772/intechopen.97735%202021
https://doi.org/10.3389/fphys.2021.751374
https://doi.org/10.2478/mjhr-2021-0007
https://doi.org/10.5601/jelem.2017.22.1.1394
https://doi.org/10.5601/jelem.2015.20.4.1085
https://doi.org/10.1002/9781118522653.ch45


Vivian Ogechi et al. / Farm Animal Health and Nutrition. 2025; 4(1): 14-20 

 

20 

58. Grunert KG, Bredahl L, and Brunsø K. Consumer perception of meat 

quality and implications for product development in the meat sector A 

review. Meat Sci. 2004; 66(2): 259-272. DOI: 10.1016/S0309-

1740(03)00130-X 
59. Youl P, Baade P, and Meng X. Impact of prevention on future cancer 

incidence in Australia. Cancer Forum. 2012; 36(1): 37-41. Available at:  

https://search.informit.org/doi/abs/10.3316/informit.131072562035189 
60. Winger RJ, and Hagyard CJ. Juiciness, its importance and some 

contributing factors. In: Pearson AM, Dutson TR, editors. Advances in meat 

research, quality attributes and their measurement in meat, poultry and fish 
products.  New York: Chapman and Hall. 1994. Available at:  

https://link.springer.com/chapter/10.1007/978-1-4615-2167-9_4 

61. Resconi VC, Escudero A, and Campo MM. The development of aromas in 
ruminant meat. Molecules. 2013; 18(6): 6748-6781. DOI: 

10.3390/molecules18066748 

62. Association of official analytical chemists (AOAC). Official methods of 
analysis of the association of the official analytical chemists. 17th ed. 

Washington, DC, USA: AOAC International; 2000.  

63. Godswill AG, Somtochukwu IV, Ikechukwu AO, and Kate EC. Health 
benefits of micronutrients (vitamins and minerals) and their associated 

deficiency diseases: A systematic review. Int J Food Sci. 2020; 3(1): 1-32. 

DOI: 10.47604/ijf.1024 
64. Elizabeth B. Ingredients in processed meat products paper 

presentation. Department of Animal Science and Industry Kansas State 

University, USA, 1995. 
65. Olusola OO, Abunwune RN, and Adeshola AT. Quality evaluation of 

kilishi, an intermediate moisture meat product sold in Zaria metropolis, 

Nigeria. Niger Anim Sci. 2017; 19(2): 271-279.  

66. Oyewole OS, Balogun DA, Alao AZO, Ibitoye OS, Ajao TO, Ogungbemi 

K, et al. Quality assessment and safety of commercially sold steak meat 
“suya” in Ibadan Metropolis: a menace to public health. FUDMA J Sci. 

2024; 8(4): 120-129. DOI: 10.33003/fjs-2024-0804-2596 

67. Ebabhamiegbebho PA, Abel ES, and Clementina S. An evaluation of the 
microbiological quality of commercial beef Suya sold in Benin city, South 

south of Nigeria. Association of Deans of Agriculture in Nigeria 

Universities. J Agric. 2020; 1(1): 180-190. DOI: 
10.36108/adanja/0202.10.0102 

68. Omotoso O, Adebesin AO, and Olubode, SO. Assessment of bacterial and 

fungal contamination in Suya – a public health concern. J Food Hyg Saf. 
2023; 9(2): 61-72. DOI: 10.18502/jfsh.v9i2.13420 

69. London health protection agency guidelines for assessing the 

microbiological safety of ready-to-eat foods. London: Health Protection 
Agency; 2009. p. 9. Available at: 

https://assets.publishing.service.gov.uk/media/66debd72e87ad2f1218265e1/

UKHSA-ready-to-eat-guidelines-2024.pdf 
70. International commission on microbiological specifications for food 

(ICMSF). Microorganisms in Foods 5: Microbiological specifications of 

pathogens. 1996. p. 89. 
71. Adeleye AO, Sim KM, and Yerima MB. Bacteriological quality 

assessment of ready-to-eat hawked suya in Dutse urban, Northwest Nigeria. 

S J Microbiol. 2022; 12(1): 25-30. DOI: 10.3329/sjm.v12i1.63340 

 

 

 

https://doi.org/10.1016/S0309-1740(03)00130-X
https://doi.org/10.1016/S0309-1740(03)00130-X
https://search.informit.org/doi/abs/10.3316/informit.131072562035189
https://link.springer.com/chapter/10.1007/978-1-4615-2167-9_4
https://doi.org/10.3390/molecules18066748
https://doi.org/10.47604/ijf.1024
https://doi.org/10.33003/fjs-2024-0804-2596
https://doi.org/10.36108/adanja/0202.10.0102
https://doi.org/10.18502/jfsh.v9i2.13420
https://assets.publishing.service.gov.uk/media/66debd72e87ad2f1218265e1/UKHSA-ready-to-eat-guidelines-2024.pdf
https://assets.publishing.service.gov.uk/media/66debd72e87ad2f1218265e1/UKHSA-ready-to-eat-guidelines-2024.pdf
https://doi.org/10.3329/sjm.v12i1.63340

