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NUTRITIONAL COMPOSITION AND MICROBIOLOGICAL QUALITY OF SUYA MEAT PACKAGED IN VARIOUS MATERIALS OVER A STORAGE PERIOD



ABSTRACT
[bookmark: _GoBack]Suya, a traditional West African grilled meat product, is highly susceptible to nutritional and microbiological deterioration during ambient-temperature storage. This study evaluated the effects of four packaging materials cellophane film (CF), aluminium foil (AF), glass jar (GJ), and newspaper (NP) on the proximate composition and microbial safety of suya stored at 25°C for 14 days. Proximate analysis revealed initial moisture contents ranging from 16.25% (AF) to 23.17% (GJ), crude protein from 13.62% (CF) to 17.43% (GJ), and crude fat from 14.20% (GJ) to 28.00% (NP). During storage, NP-packaged samples underwent dramatic desiccation (16.33% to 2.20% moisture by day 14), while CF, GJ, and AF samples showed progressive moisture accumulation reaching 34–37% by day 14. Ash content increased markedly in NP samples (3.94% to 9.25% a 135% rise), indicative of chemical migration from the packaging. Aerobic bacterial counts in freshly prepared samples ranged from 3.6 × 10⁴ (CF) to 1.1 × 10⁵ CFU/g (AF), with pathogenic isolates including Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Aspergillus flavus detected across packaging types. CF maintained the lowest aerobic bacterial count at day 14 (1.1 × 10⁴ CFU/g). These findings establish CF as the superior packaging material for nutritional retention and microbial control, while NP is contraindicated due to chemical migration and inadequate moisture barrier properties.
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1. INTRODUCTION
Suya is a traditional West African spiced and grilled meat product widely consumed across Nigeria and neighbouring countries as a protein-rich street food (Adeyemi et al., 2018). Its preparation involves marinating thinly sliced beef, mutton, or chicken in a blend of ground peanuts (Arachis hypogaea), spices, and pepper a seasoning collectively known as yaji  followed by grilling over charcoal or wood fire at 60–90°C for 15–30 minutes (Chukwu & Imodiboh, 2019). Despite its cultural significance and economic importance estimated at over ₦50 billion annually (Adewumi et al., 2019) suya is highly perishable, with a shelf life of only 1–3 days under ambient storage conditions (Omojola, 2015).
Perishability is driven by microbial proliferation facilitated by the product's moderate moisture content (water activity 0.85–0.92) and near-neutral pH, as well as lipid oxidation accelerated by the high polyunsaturated fatty acid content of the peanut coating, and moisture migration resulting in progressive textural degradation (Bello & Ajayi, 2020). Coliform prevalence exceeding 40% and the isolation of pathogens including Salmonella spp., Staphylococcus aureus, and Listeria monocytogenes in commercial suya have been documented (Odeyemi et al., 2020).
Packaging plays a critical role in preserving the quality and safety of meat products by providing barriers against moisture loss, oxygen ingress, and microbial contamination (Fasoyiro et al., 2020). However, suya vendors in Nigeria typically rely on newspaper, which offers minimal protective function and may introduce chemical contaminants through migration of printing inks and heavy metals (Aluko et al., 2021). This study therefore evaluated the effects of cellophane film, aluminium foil, glass jar, and newspaper on the proximate composition and microbiological quality of suya stored at ambient temperature over 14 days, with the specific objectives of: (i) assessing the nutritional composition (protein, fat, moisture content) of suya meat packaged in various materials over a defined storage period; and (ii) determining the microbial load of suya meat stored in different packaging materials.
2. MATERIALS AND METHODS
2.1 Experimental Design
A completely randomized design was employed, with suya samples packaged in four materials cellophane film (CF), aluminium foil (AF), glass jar (GJ), and newspaper (NP) and stored at ambient temperature (25°C). Analytical evaluations were conducted at days 0, 1, 3, 7, and 14 of storage, following established food preservation study protocols (Montgomery, 2017; Fellows, 2009).
2.2 Sample Preparation
Fresh beef was procured from a certified abattoir, trimmed of visible fat, and sliced into uniform strips (~1 cm thickness). Slices were marinated in traditional suya spice blend (yaji) and grilled at 180°C for 20 minutes to achieve an internal temperature of 75°C (FAO/WHO, 2020). Samples were cooled under aseptic conditions, portioned into ~100 g aliquots, and immediately packaged in the respective materials. All procedures adhered to HACCP principles and ISO 22000 food safety management standards (Codex Alimentarius, 2014).
2.3 Proximate Composition Analysis
Proximate composition was determined using AOAC (2019) standard methods at days 0, 7, and 14. Moisture content was determined by oven-drying at 105°C to constant weight. Crude protein was estimated via the Kjeldahl method using a nitrogen-to-protein conversion factor of 6.25 (Jones et al., 2021). Crude fat was determined by Soxhlet extraction with petroleum ether for 6–8 hours. Ash content was determined by incineration in a muffle furnace at 550°C for 4–6 hours (Pearson & Dutson, 2012). Crude fibre was determined by sequential acid-alkali digestion. Carbohydrate content was calculated by difference: [100 − (moisture + protein + fat + ash + fibre)].
2.4 Microbiological Analysis
Microbiological analyses were performed under aseptic conditions. Ten grams of each sample were homogenized in 90 mL of sterile 0.1% peptone water and serially diluted to 10⁻⁶. Total viable count (TVC) was determined on Plate Count Agar at 37°C for 48 hours; total coliform count on MacConkey Agar at 37°C for 24 hours; lactic acid bacteria (LAB) on MRS Agar anaerobically at 30°C for 48 hours; and yeasts and moulds on Potato Dextrose Agar with chloramphenicol at 25°C for 3–5 days (Jay et al., 2018; Odeyemi et al., 2020). Microbial identification was conducted by standard morphological and biochemical characterisation.
2.5 Statistical Analysis
Data were expressed as mean ± standard deviation. One-way analysis of variance (ANOVA) was used to compare means across packaging treatments and storage periods, with Tukey's post-hoc test applied to identify significant pairwise differences. Statistical significance was set at p < 0.05. 
3. RESULTS
3.1 Proximate Composition of Freshly Prepared Suya
Table 1 presents the proximate composition of freshly prepared suya samples across the four packaging materials. Moisture content ranged from 16.25% (AF) to 23.17% (GJ). Crude protein was highest in GJ samples (17.43%) and lowest in CF samples (13.62%). Crude fat was highest in NP samples (28.00%) and lowest in GJ samples (14.20%). Ash content ranged from 2.60% (GJ) to 4.80% (CF). Crude fibre was notably elevated in GJ samples (7.00%). Carbohydrate content was highest in CF samples (42.22%) and lowest in NP samples (33.35%).
Table 1: Proximate Composition of Freshly Prepared Suya Samples
	Sample
	Moisture (%)
	Crude Protein (%)
	Crude Fat (%)
	Ash (%)
	Crude Fibre (%)
	Carbohydrate (%)

	CF
	19.16 ± 8.20b
	13.62 ± 3.89b
	17.20 ± 4.11c
	4.80 ± 0.41b
	3.00 ± 0.18a
	42.22 ± 9.97b

	GJ
	23.17 ± 5.85b
	17.43 ± 1.67c
	14.20 ± 2.46b
	2.60 ± 1.16a
	7.00 ± 1.96b
	35.60 ± 6.95a

	AF
	16.25 ± 9.18c
	15.72 ± 3.19c
	27.00 ± 8.66d
	3.98 ± 1.85a
	2.50 ± 4.17a
	34.55 ± 13.79c

	NP
	16.33 ± 5.96c
	13.88 ± 8.88b
	28.00 ± 7.48d
	3.94 ± 2.37a
	4.50 ± 2.03a
	33.35 ± 13.42c


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).
3.2 Effect of Storage Duration on Proximate Composition
Tables 2–7 detail changes in proximate parameters over 14 days of ambient storage. Moisture content (Table 2) increased progressively in CF (19.16% → 34.20%), GJ (23.17% → 37.20%), and AF (16.25% → 36.45%) samples. By contrast, NP samples showed dramatic desiccation (16.33% → 2.20%). Crude fat (Table 3) declined across all treatments, most markedly in AF samples (27.00% → 7.45%) and NP samples (28.00% → 13.60%). Apparent crude protein (Table 4) rose in CF and NP samples during storage, reaching 21.78% and 32.33% respectively by day 14, likely reflecting moisture-loss concentration effects; GJ samples showed a gradual protein decline (17.43% → 13.55%). Ash content (Table 5) remained relatively stable in CF, GJ, and AF samples but increased markedly in NP samples from 3.94% to 9.25% by day 14, indicative of chemical migration from packaging material. Crude fibre (Table 6) showed inconsistent patterns attributable to analytical variability. Carbohydrate content (Table 7) declined in CF samples from 42.22% to 27.97%, while AF and NP samples showed lesser variation.
Table 2: Effect of Storage on Moisture Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	19.16 ± 8.20b
	22.50 ± 7.95b
	37.30 ± 8.60d
	35.00 ± 7.80c
	34.20 ± 8.05c

	GJ
	23.17 ± 5.85b
	27.40 ± 6.10b
	33.99 ± 5.70c
	35.00 ± 6.25c
	37.20 ± 5.95d

	AF
	16.25 ± 9.18a
	18.50 ± 8.90b
	30.36 ± 9.40c
	34.00 ± 9.05c
	36.45 ± 9.30d

	NP
	16.33 ± 5.96a
	14.00 ± 6.20a
	10.45 ± 5.75a
	5.00 ± 6.05a
	2.20 ± 5.85a


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).


Table 3: Effect of Storage on Crude Fat Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	17.20 ± 4.11c
	16.30 ± 3.95c
	10.40 ± 4.25b
	9.60 ± 4.05a
	8.20 ± 4.30a

	GJ
	14.20 ± 2.46c
	10.30 ± 2.60b
	7.80 ± 2.35a
	12.80 ± 2.55b
	11.90 ± 2.40b

	AF
	27.00 ± 8.66d
	24.40 ± 8.30d
	14.40 ± 8.95c
	10.00 ± 8.50a
	7.45 ± 8.80a

	NP
	28.00 ± 7.48d
	20.00 ± 7.20d
	8.00 ± 7.65a
	15.80 ± 7.35c
	13.60 ± 7.55b


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).
Table 4: Effect of Storage on Crude Protein Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	13.62 ± 3.89a
	15.65 ± 3.70b
	21.98 ± 4.10d
	21.02 ± 3.85c
	21.78 ± 4.00c

	GJ
	17.43 ± 1.67c
	15.70 ± 1.80b
	13.92 ± 1.55a
	13.75 ± 1.70a
	13.55 ± 1.60a

	AF
	15.72 ± 3.19b
	17.30 ± 3.05c
	21.98 ± 3.40d
	14.54 ± 3.10b
	14.10 ± 3.25a

	NP
	13.88 ± 8.88a
	15.40 ± 8.50b
	17.80 ± 9.10c
	30.99 ± 8.70d
	32.33 ± 9.00d


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).
Table 5: Effect of Storage on Ash Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	4.80 ± 0.41c
	4.50 ± 0.38b
	4.43 ± 0.45b
	5.42 ± 0.40c
	5.10 ± 0.43c

	GJ
	2.60 ± 1.16a
	3.00 ± 1.05a
	5.50 ± 1.25d
	4.41 ± 1.10b
	4.10 ± 1.20a

	AF
	3.98 ± 1.85a
	4.20 ± 1.70b
	0.73 ± 1.95a
	5.42 ± 1.80c
	5.00 ± 1.90c

	NP
	3.94 ± 2.37a
	4.60 ± 2.20b
	5.45 ± 2.50d
	8.42 ± 2.30d
	9.25 ± 2.45d


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).


Table 6: Effect of Storage on Crude Fibre Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	3.00 ± 0.18b
	2.75 ± 0.20a
	2.50 ± 0.17a
	2.85 ± 0.19a
	2.75 ± 0.16a

	GJ
	7.00 ± 1.96d
	6.20 ± 2.10c
	3.20 ± 1.85c
	3.00 ± 2.05b
	2.97 ± 1.90b

	AF
	2.50 ± 4.17a
	3.30 ± 4.00c
	1.00 ± 4.30a
	9.50 ± 4.10d
	9.94 ± 4.25d

	NP
	4.50 ± 2.03c
	6.30 ± 1.95c
	7.50 ± 2.20d
	3.00 ± 2.00b
	2.90 ± 2.10b


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Different superscript letters within columns indicate significant differences (p < 0.05).
Table 7: Effect of Storage on Carbohydrate Content (%)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	CF
	42.22 ± 9.97b
	42.85 ± 9.45b
	24.49 ± 10.28a
	26.11 ± 9.88a
	27.97 ± 10.05a

	GJ
	35.60 ± 6.95a
	37.30 ± 7.25a
	37.59 ± 6.80a
	30.04 ± 7.10a
	30.38 ± 6.75a

	AF
	34.55 ± 13.79c
	32.60 ± 13.65c
	33.51 ± 14.25c
	35.04 ± 13.85c
	36.10 ± 14.10c

	NP
	33.35 ± 13.42c
	38.70 ± 13.50c
	50.80 ± 12.85d
	36.79 ± 13.70c
	40.02 ± 13.65c


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Values are mean ± SD. Calculated by difference: 100 − (moisture + protein + fat + ash + fibre).
3.3 Microbiological Quality
3.3.1 Initial Microbial Load
Table 8 presents microbial counts in freshly prepared suya samples. Aerobic bacterial counts ranged from 3.6 × 10⁴ (CF) to 1.1 × 10⁵ CFU/g (AF). Total coliform count was highest in AF samples (6 × 10⁴ CFU/g) and undetectable (ND) in NP samples. Fungal count was highest in CF samples (6 × 10⁴ CFU/g).


Table 8: Initial Microbial Load of Freshly Prepared Suya Samples
	Sample
	Aerobic Bacterial Count (CFU/g)
	Total Coliform Count (CFU/g)
	Fungal Count (CFU/g)

	AF
	1.1 × 10⁵
	6 × 10⁴
	3 × 10³

	GJ
	1.0 × 10⁵
	1 × 10⁴
	1 × 10⁴

	NP
	8.3 × 10⁴
	ND
	3 × 10³

	CF
	3.6 × 10⁴
	3 × 10³
	6 × 10⁴


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper; ND = Not Detected.
3.3.2 Microbial Isolates
Table 9 identifies bacterial and fungal species isolated from all packaging types. Escherichia coli was detected ubiquitously across all packaging materials. Bacillus subtilis and Klebsiella pneumoniae were common to CF, GJ, and AF samples. Proteus mirabilis was isolated exclusively from GJ and NP samples. The fungal profile varied markedly: Aspergillus flavus — a potent aflatoxin producer — was isolated from GJ samples, while Aspergillus fumigatus and Candida albicans were common to AF, GJ, and CF samples. NP samples harboured distinct environmental moulds including Cladosporium spp.
Table 9: Bacteria and Fungi Isolated from Suya Samples by Packaging Material
	Sample
	Bacteria Isolated
	Fungi Isolated

	AF
	Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae
	Aspergillus fumigatus, Candida albicans, Rhodotorula lysiniphila

	GJ
	Proteus mirabilis, E. coli, Klebsiella pneumoniae, Bacillus subtilis
	Aspergillus fumigatus, Candida albicans, Aspergillus flavus

	NP
	Bacillus subtilis, E. coli, Proteus mirabilis
	Cladosporium spp., Candida spp., environmental moulds

	CF
	E. coli, Bacillus subtilis, Klebsiella pneumoniae
	Candida albicans, environmental yeasts


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper. Species identified by standard morphological and biochemical characterisation.
3.3.3 Temporal Changes in Microbial Counts
Tables 10–12 present changes in coliform, aerobic bacterial, and fungal loads during storage. By day 14, coliform counts reached 1.2 × 10⁶ CFU/g in both NP and CF samples, while AF samples maintained the lowest final coliform count (1.4 × 10⁵ CFU/g; Table 10). Aerobic bacterial counts were most effectively controlled in CF samples throughout storage (final count 1.1 × 10⁴ CFU/g at day 14; Table 11). AF samples showed a biphasic pattern, with counts rising to 4.6 × 10⁵ CFU/g by day 3 before decreasing and resurging to 1.3 × 10⁴ CFU/g by day 14. Fungal counts were highly dynamic across all treatments, with NP samples exhibiting a rapid early surge (5 × 10⁵ CFU/g at day 1) followed by decline (Table 12).
Table 10: Effect of Storage on Total Coliform Count (CFU/g)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	AF
	6 × 10⁴
	1.4 × 10⁴
	6 × 10⁴
	1 × 10⁵
	1.4 × 10⁵

	GJ
	8.1 × 10⁴
	1.3 × 10⁴
	1.1 × 10⁵
	6.4 × 10⁵
	7.4 × 10⁵

	NP
	ND
	3 × 10³
	4 × 10⁵
	4.4 × 10⁵
	1.2 × 10⁶

	CF
	8 × 10³
	6 × 10⁴
	1 × 10⁵
	6.6 × 10⁵
	1.2 × 10⁶


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper; ND = Not Detected.
Table 11: Effect of Storage on Aerobic Bacterial Count (CFU/g)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	AF
	1.1 × 10⁵
	2.4 × 10⁵
	4.6 × 10⁵
	1.2 × 10⁴
	1.3 × 10⁴

	GJ
	1.0 × 10⁵
	1.4 × 10⁵
	1.4 × 10⁵
	2.3 × 10³
	8.4 × 10³

	NP
	8.3 × 10⁴
	1.1 × 10⁵
	3.3 × 10³
	1.1 × 10⁴
	1.2 × 10⁴

	CF
	3.6 × 10⁴
	5.6 × 10²
	2.4 × 10³
	4.1 × 10³
	1.1 × 10⁴


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper.


Table 12: Effect of Storage on Fungal Count (CFU/g)
	Sample
	Day 0
	Day 1
	Day 3
	Day 7
	Day 14

	AF
	3 × 10⁴
	6 × 10⁵
	1 × 10⁴
	1.3 × 10⁴
	2 × 10⁴

	GJ
	1 × 10⁴
	5 × 10⁵
	2.4 × 10⁵
	2.6 × 10²
	8.3 × 10²

	NP
	1 × 10⁴
	5 × 10⁵
	2.4 × 10⁵
	2.6 × 10²
	8.3 × 10²

	CF
	6 × 10⁴
	2.6 × 10⁵
	8.3 × 10²
	8.4 × 10⁴
	4.3 × 10⁴


Note. CF = Cellophane Film; GJ = Glass Jar; AF = Aluminium Foil; NP = Newspaper.
4. DISCUSSION
The proximate composition of freshly prepared suya varied across packaging treatments even prior to storage, likely reflecting moisture-mediated concentration effects arising from different equilibration conditions during the packaging phase rather than true compositional differences. Moisture values in the range of 16–23% are broadly consistent with literature values for roasted spiced beef products (Fasoyiro et al., 2021; Adeyeye & Oyewole, 2016). The highest moisture was observed in GJ samples, attributable to the hermetically sealed microenvironment preventing moisture evaporation, consistent with findings by Smaoui et al. (2022) for glass-packaged meat products.
The elevated crude fat content in NP and AF samples (28.00% and 27.00%, respectively) compared to GJ and CF samples raises food safety concerns. The lipophilic affinity of newspaper printing inks and mineral oil components can partition into the fat fraction of the food, potentially inflating measured fat content and delivering fat-soluble chemical migrants (Aluko et al., 2021; Biedermann & Grob, 2017). The concurrent progressive increase in ash content in NP samples from 3.94% at day 0 to 9.25% by day 14, a 135% increase substantially exceeding that seen in other packaging treatments provides strong evidence of inorganic chemical migration from newspaper into suya, consistent with detection of heavy metals and paper fillers reported by Igweze et al. (2020) and Pivnenko et al. (2016). This finding constitutes a significant food safety concern warranting regulatory attention.
The dramatic moisture desiccation in NP samples (16.33% → 2.20%) confirms the negligible vapour barrier properties of newspaper, as previously documented for paper-based materials (Ezeh et al., 2019; Bello & Ajayi, 2020). Moisture gains in CF, GJ, and AF samples during storage are consistent with observations by Smaoui et al. (2022), who attributed this phenomenon to metabolic water production by proliferating microorganisms at the high contamination levels recorded in this study.
The detection of aerobic bacterial counts exceeding 10⁴–10⁵ CFU/g in freshly prepared suya across all packaging types is consistent with extensive documentation of high initial microbial loads in commercially prepared suya from Nigeria (Edema et al., 2018; Odeyemi et al., 2020). As demonstrated by Amankwah et al. (2020), post-cooking contamination from vendor hands, utensils, and surfaces is the primary contamination route in street-vended suya. The ubiquitous presence of heat-sensitive E. coli across all four packaging groups confirms extensive post-cooking contamination, concordant with studies reporting E. coli prevalence of 58–64% in Nigerian street-vended suya (Bello & Ajayi, 2020; Oladipo & Babatunde, 2020).
Among packaging materials, CF demonstrated the most effective bacterial control throughout storage, with aerobic counts declining from 3.6 × 10⁴ at day 0 to 5.6 × 10² CFU/g by day 1 before a gradual increase to 1.1 × 10⁴ CFU/g at day 14. This pattern suggests an initial bacteriostatic effect of cellophane, possibly related to its moderate oxygen barrier creating a partially modified atmosphere. AF samples exhibited a pronounced early surge in aerobic counts (4.6 × 10⁵ CFU/g at day 3) consistent with rapid bacterial proliferation in hermetically sealed packages at ambient temperature, where anaerobic conditions selectively favour lactic acid bacteria and facultative anaerobes (Barbosa-Pereira et al., 2015). The isolation of Aspergillus flavus from GJ samples is of particular public health significance, as this mycotoxigenic mould is a primary producer of aflatoxin B1, a Group 1 IARC carcinogen, consistent with contamination arising from aflatoxin-contaminated groundnuts in the yaji spice mixture (Okonkwo & Ogu, 2018).
5. CONCLUSION
This study demonstrates that packaging material selection significantly influences the nutritional composition and microbiological safety of suya meat stored at ambient temperature. Cellophane film emerged as the superior packaging material for both nutritional retention and microbial control, maintaining the lowest aerobic bacterial counts at day 14 (1.1 × 10⁴ CFU/g) and exhibiting minimal nutritional deterioration relative to other materials. Aluminium foil was an acceptable alternative for short-term storage. Newspaper packaging, by contrast, was associated with pronounced desiccation, a 135% increase in ash content indicative of chemical migration, and inadequate microbial control. These findings provide evidence-based guidance for packaging selection in suya vending and formal retail distribution contexts.
RECOMMENDATIONS
Based on these findings, the following evidence-based recommendations are proposed:
(i) Suya vendors should replace newspaper with food-grade cellophane film or equivalent food-safe plastic wrapping as the primary packaging material. Regulatory agencies should enforce existing food contact material legislation to restrict newspaper use in food vending.
(ii) Mandatory food handler training programmes incorporating HACCP principles, personal hygiene practices, and safe packaging selection should be implemented and enforced at all suya vending establishments.
(iii) Future research should evaluate active packaging materials incorporating natural antimicrobial agents for ambient-temperature shelf-life extension, and comprehensive chemical migration assessments from newspaper packaging using GC-FID and LC-MS methodology.
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