



PROXIMATE AND HEAVY METAL ANALYSIS OF PROCESSED DRIED MEAT (KILISHI) SOLD IN SELECTED AREAS IN DELTA STATE, NIGERIA

Abstract
Our study evaluated the proximate composition and heavy metal concentrations of processed dried meat (Kilishi) sold in selected parts of Delta State, Nigeria. Kilishi samples were collected from three primary locations: Asaba, Warri, and Ozoro. Standard procedures were used to determine moisture, ash, crude protein, fat, and carbohydrate contents, as well as the concentrations of heavy metals like cadmium (Cd), chromium (Cr), Iron (Fe), Nickel (Ni), and lead (Pb). Our results showed that moisture content ranged from 8.45 ± 0.01% in Warri to 9.78 ± 0.01% in Ozoro, while crude protein was highest in Warri (54.45 ± 0.01%) and lowest in Ozoro (52.01 ± 0.01%). Fat content ranged between 16.78 ± 0.01 % and 18.40 ± 0.17 %, and carbohydrate content varied from 10.44 ± 0.02 % to 13.91 ± 0.01 %. For heavy metals, cadmium and chromium were not detected in any of the samples assessed. Iron concentrations were highest in Asaba (39.06 ± 1.24 mg/kg) and lowest in Ozoro (35.56 ± 1.67 mg/kg). All the heavy metals detected were within the World Health Organisation/Food and Agriculture Organisation permissible limit. The results indicate that Kilishi sold in the study areas is rich in both protein and fat, and the levels of the analysed heavy metals are within safe limits for human consumption. However, continuous monitoring is advised to ensure food safety and public health.
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1.0.  INTRODUCTION
Kilishi is a spicy beef jerky, very popular in Northern Nigeria and a typical snack consumed in different parts of Nigeria. Since their ingredients are similar but their preparation and texture differ, it is frequently confused with suya (Ibrahim & Adaka, 2022). Kilishi is lean, trimmed meat that has been dehydrated (sliced into strips) to keep it from going bad. It is a processed meat product made in Nigeria from lean cattle flesh, supplemented with plant-based ingredients, then sun-dried and smoked (Nuhu et al., 2021). It is essential to the human diet because it has higher levels of protein, fat, and ash than raw meat, but lower levels of moisture and microbiological count. This suggests that kilishi is not susceptible to severe mould infestation (Okorie, 2018). According to reports, jerky meat is made up of 50% protein, 18% fat, 9.6% ash, and 7.6% moisture, with 60% meat and 40% non-meat components. In a dry setting, kilishi can be kept for more than a year (Umar et al., 2025; Igene, 2018). High amounts of triglycerides, phospholipids, polyunsaturated fatty acids, and malonaldehyde are found in the curing materials used to make Kilishi (Iyiola et al., 2025; Igene, 2018). Although it has a stable shelf life due to its low moisture content and better storage conditions, it is also somewhat acidic (Igene, 2018). Made from defatted groundnut paste and spiced meat, it is a traditional dry meat product that is produced abundantly across the majority of Northern Nigerian states (Millward, 2019). According to research, the quality of Kilishi made by traditional processors differs between producers and even within batches from the same producer (Umar et al., 2025; Iyiola & Bulus, 2024; Adeyeye & Adesina, 2015). Approximately 1% of all meat contains minerals (Adeyeye & Adesina, 2015). Traditional processed meat preparations like Kilishi may have different mineral contents depending on the materials used in their production, such as spices, flavourings, and defatted groundnut cake (Adeyeye et al., 2021; Adeyeye & Ayejuyo, 2017). Recent studies from Nigeria have shown that kilishi and related dried meat products (suya, meat jerky) are generally high in protein and vary in their fat and ash content. The mineral profiles of these products also differ depending on the type of meat and the ingredients used in their processing. In addition, some studies raise concerns about heavy-metal contamination in commercially sold kilishi from selected markets (Iyiola et al., 2025; Ndife et al., 2022).
There is relatively little information that clearly addresses kilishi sales in Delta State. Local research is vital because meat sources, slurry recipes, drying techniques, and environmental exposure vary by region and can affect safety and nutritional value. Our objectives were to determine the proximate composition and levels of selected heavy metals in kilishi from various locations in Delta State, and to compare the findings with current research and relevant food safety standards.
2.0. MATERIALS AND METHODS
2.1 Study Area: Delta State is not known for producing kilishi. However, the packaged product is sold in different regions of the state. For our study, packaged kilishi were purchased from various supermarkets and retail stores in Asaba, Warri and Ozoro axis to represent the three major areas of Delta State.
2.2 . Sample Collection Preparation
The different kilishi samples were collected in polyethene bags and immediately transported to the laboratory, where proximate and heavy metal analyses were performed. The processed, dried meat samples were dried at 105 °C in an oven, ground into powder, and subsequently stored in capped plastic containers for further analysis.
2.3. Proximate Analysis 
Standard procedures outlined by AOAC (2007) were used to determine the proximate composition (moisture, ash, fat, crude protein, and carbohydrate) of the processed dried meat (kilishi) samples.
2.4. Moisture Content 
2g of the pulverised kilishi samples were weighed into an evaporating dish and placed in an oven at 105 0C for 3 hours. The samples were removed from the oven, placed in a desiccator to cool, and then weighed until a constant weight was achieved. The percentage moisture content was calculated using the formula:
% moisture content = (weight difference) / (initial weight of sample) X 100
2.5. Ash Content 
2g of the kilishi samples were weighed into clean, dry crucibles, which were then placed in a furnace set to 550 0C. The crucibles were removed from the stove after it had burned to ash and the temperature had been allowed to drop. After being put within the desiccators, the crucibles were allowed to cool before being weighed. The percentage of ash was determined thus:
%Ash = (x-y) / (z-y) X100
Where Y = weight (g) of crucible, Z = weight (g) of the crucible + sample before burning to ashes, X = weight (g) of crucible + sample after burning to ashes.
2.6. Crude Protein Content 
2g of the kilishi samples were digested using 10 ml of concentrated H2SO4. The digest was diluted up to 50 ml using distilled water. The digest was later neutralised with NaOH and distilled into boric acid. The distillate was titrated with NH2SO4. The crude protein content was determined using the formula:
% Crude protein = (Titre value x 0.0014x6.25)/(sample weight)  X 100
2.7. Fat Content 
In a reflux apparatus, 2g of the kilishi samples were treated with petroleum ether. The sample was refluxed until all potential lipids were removed, then transferred to a 500 mL round-bottom flask. Following the solvent's recovery, the oil-containing flask's fat content was measured and calculated as follows:
% Fat = (weight of lipid)/ (weight of sample) × 100
2.8. Carbohydrate content 
The carbohydrate content was calculated using the difference. That is % Carbohydrate = 100 - (crude fibre + lipids + crude protein + moisture content + ash).
2.9. Heavy Metal Composition 
Sample Preparation: 0.2g sieved (2mm mesh) kilishi sample was accurately weighed and placed in a beaker. To the beaker was added 30ml of the digestion mixture in the ratio (1:4:3) (HClO4:H2SO4:HNO3), and the beaker was placed on a hot plate in a fume cupboard. The mixture was heated at 150 °C until it boiled. The heating continued until the brown fumes disappeared, leaving dense white fumes, and the content was reduced to about 5 cm³. After cooling to room temperature, the mixture was made up to 50 cm³ with distilled water, shaken, and filtered into a polyethene terephthalate (PET) bottle. The samples were analysed using an Atomic Absorption Spectrophotometer (Perkin Elmer A Analyst 200).
Statistical Analysis 
All data obtained from the samples collected in the selected areas were subjected to a one-way Analysis of Variance (ANOVA) at the 5% level of significance using SPSS (23.0).
3.0. RESULTS
3.1 Proximate composition of the dried meat (Kilishi)
The results of the proximate composition of the meat are presented in Table 1 and Figure 1. Kilishi samples collected from Asaba, Warri and Ozoro varied significantly (p<0.05) in moisture, ash, crude protein, fat and carbohydrate contents. Moisture content ranged from 8.45% to 9.78%, with the highest value observed in Ozoro and the lowest in Warri. Kilishi from Asaba had the highest ash content of 7.69% while Kilishi from Warri had the highest crude protein content of 54.45%. The fat content ranged from 16.78% to 18.40% with the lowest and highest from Ozoro and Asaba, respectively. Carbohydrate contents of kilishi from Ozoro had the highest value of 13.91% while kilishi from Asaba had the lowest carbohydrate content of 10.44%. 

Table 1: Proximate composition of processed dried meat (Kilishi) from selected areas in Delta State
	S/N
	Sample Location
	Moisture content (%)
	Ash Content (%)
	Crude protein (%)
	Fat content (%)
	Carbohydrate (%)

	1.
	Asaba
	9.45±0.17
	7.69±0.17
	53.96±0.17
	18.40±0.17
	10.44±0.02

	2.
	Warri
	8.45±0.01
	6.10±0.01
	54.45±0.01
	18.09±0.01
	12.89±0.01

	3.
	Ozoro
	9.78±0.01
	7.52±0.01
	52.01±0.01
	16.78±0.01
	13.91±0.01


Mean ± SEM, n = 6 per group

Figure 1: Proximate composition of processed dried meat (Kilishi) from selected areas in Delta State

3.2: Concentrations of heavy metals (mg/kg) contained in the processed dried meat
The concentrations of heavy metals contained in processed dried meat (kilishi) from selected areas in Delta State are shown in Table 2. The research results revealed that heavy metals Cadmium and Chromium were both absent. The range of Iron was 35.36 mg/kg to 39.06 mg/kg, with the highest values recorded in Kilishi from the Asaba axis and the lowest in Kilishi from the Ozoro Axis. The heavy metal Nickel had the highest value in processed dried meat from the Warri region and the lowest value in processed dried meat from the Asaba region. Although heavy metals Iron, Nickel, and Lead were observed in processed meats from the three selected locations, they were all below the FAO/WHO permissible limits.
Table 2: Concentration of heavy metals (mg/kg) contained in processed dried meat (Kilishi) from selected areas in Delta State
	S/N
	Sample Location
	Cd (mg/kg)
	Cr (mg/kg)
	Fe (mg/kg)
	Ni (mg/kg)
	Pb (mg/kg)

	1
	Asaba
	ND
	ND
	39.06±1.24
	0.11±0.01
	0.15±0.01

	2
	Warri
	ND
	ND
	37.11±1.12
	0.17±0.01
	0.11±0.01

	3
	Ozoro
	ND
	ND
	35.56±1.67
	0.14±0.01
	0.18±0.02

	4
	FAO/WHO Limits
	0.05
	0.50
	48.00
	0.20
	0.20


Mean ± SEM, n = 6 per group, ND= Not Detected, Cd= Cadmium, Cr= Chromium, Fe= Iron, Ni= Nickel, Pb= Lead

3.0.  DISCUSSION
The relatively low water content observed across all samples indicates that they were dried correctly, thereby hindering microbial growth, proliferation, and product spoilage and prolonging their shelf life (Iyiola et al., 2023). These values are consistent with those reported by Adeyemi et al. (2021), who found that well-dried kilishi typically contains less than 10% moisture. Variation in moisture content among samples could be due to age, sex, and marbling of the meat (Umar et al., 2025; Iyiola et al., 2025).
Ash content of the processed dried meat (kilishi) relates to the inorganic mineral content of the meat. It is the inorganic deposit that remains after the organic component has been burnt off (Ibrahim & Adaka, 2022). Ash content is an indication of food quality, meaning that a higher mineral composition increases the food material's propensity to supply micronutrients (Ndife et al., 2022). The ash levels in the present study indicate that the analysed kilishi samples could serve as excellent sources of minerals. This suggests moderate mineral retention, similar to reports by Musa et al. (2022), who found ash values between 6–8 % in Nigerian Kilishi. The ash content of kilishi was comparable to the submissions by Nuhu et al. (2021) and Iyiola et al. (2025, but was relatively lower than those reported by Adeyeye et al. (2020, 11%); Ndife et al. (2022; and Manuwa & Bratte (2023, 8.64%). The processing of beef into kilishi alters its ash content (Iyiola et al., 2025; Ndife et al., 2022).
Crude protein values were generally high among all samples, confirming that Kilishi remains a rich protein source. It is one of the most essential nutrients in human diets. The values of this study align with those of Omojola et al. (2020), who reported protein contents between 50–55 % in traditionally prepared Kilishi. Protein content influences the nutritional value and texture of kilishi (Madu et al., 2020). Therefore, monitoring protein levels ensures consistency in product quality and nutritional composition. Kilishi is a good source of protein (Adeyeye et al., 2020) and can be used in areas where animal products are scarce. The range of crude protein in this study is higher than that reported earlier. Ndife et al. (2022) reported 21.38-23.12%, while 27.13-34.13% was also reported by Ibrahim & Adaka (2022). However, these values are lower than the ranges of 61.30 - 61.72% reported by Iheagwara and Okonkwo (2016) and 66.91 - 68.83% reported by Iyiola et al. (2021). The difference in value might be due to the varying environmental conditions of each place. Other factors include the quantity of the groundnut cake paste used in the kilishi production, which also contains crude protein (Iheagwara & Okonkwo, 2016). Variations could also result from differences in the lean-to-fat ratio of the meat used, processing temperature and duration, and the different chemical composition of slurries (Iyiola & Bulus, 2024).
Fats are often incorporated into diets to enhance energy levels, and a deficiency in them can have a drastic effect on human growth. The fat content in kilishi samples ranged from 15.75±0.22 to 19.47±0.79 %. The fat content of kilishi from the four locations was higher than the value reported by Ajai (9.46±0.98 %) but lower than that reported by Okorie (22.33 %). This variation could result from the animal's feeding habits and other environmental factors associated with its habitat (Abolagba et al., 2015), as well as from residual oil in the defatted groundnut cake used in preparation, which increases the kilishi's fat content. Fat contributes to the product's palatability, but excessive levels may reduce shelf stability due to oxidative rancidity. The higher fat value in Asaba may be due to differences in the meat cut or the addition of oil during spice coating.
Carbohydrates are an essential source of energy that helps support body development (Nuhu et al., 2021). The carbohydrate content obtained from the samples under study is relatively lower than the value reported by Ndife et al. (2022) (37.43-45.90%), but quite similar to the values (10.04-14.99%) obtained by Nuhu et al. (2021). The low carbohydrate content in the analysed meat samples could be due to their high protein content. This increase could be attributed to the contributions of different ingredients in the slurry.
The concentration of metals in kilishi samples sold in Delta State is shown in Table 2 and Figure 2. The composition of all metals examined in this study did not exceed the tolerable limit stipulated by FAO/WHO (2001). 
4.0. CONCLUSION
The results of this study show that Kilishi, sold in Asaba, Warri, and Ozoro in Delta State, has high nutritional value, particularly in terms of its protein and fat content. This makes it a good source of animal protein for consumers. There was little risk of heavy metal contamination because the concentrations of Cd and Cr were below detectable levels, and those of Fe, Ni, and Pb were within acceptable limits set by international regulatory agencies. This implies that, in its current state, the product is typically safe to consume. To maintain product quality and prevent contamination, it is advisable to monitor handling and processing procedures regularly. To keep the safety and nutritional value of Kilishi in the area, there should be strict enforcement of food safety laws by strengthening sanitary standards and increasing consumer and producer knowledge
RECOMMENDATIONS
1. Improve drying procedures and hygiene by advocating the use of higher racks, covered drying (using ovens or solar dryers if possible), clean utensils, and designated surfaces to minimise contamination from dust, insects, and soil.
2. Establish regular market surveillance procedures to check for chemical pollutants (such as Pb, Cd, and Cr) and proximate quality in kilishi sold in marketplaces. High-volume urban markets should be given priority.
3. Extend research to thoroughly evaluate safety and shelf-life using lipid oxidation indicators (peroxide value, TBARS) and microbiological indicators (pathogens, spoilage organisms).
4. Assess consumer dietary exposure and risk (calculate sodium intake and any detected heavy metals in relation to RDA/TDI).
5. Public health nutritionists should be involved in educating vulnerable populations like children and those with hypertension about the advantages and risks of consuming kilishi, which is strong in protein but may be high in sodium.
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