


Effect of Storage Time and Temperature on the Microbial Quality of Samosa

 
Abstract
The effect of storage time (Day 0 to 7) and temperature (4°C, 25°C, and 37°C) was tested on microbial quality, physicochemical parameters and sensory acceptability of samosas. On Day 0, the baseline values for each group were; 2.18 ± 0.08 log CFU/g TVC, 0.95 ± 0.05 log CFU/g coliforms, 1.20 ± 0.06 log CFU/g yeast and mould, pH 6.12, and sensory score of 8.5. Microbial counts (3.21 ± 0.11 log CFU/g and 2.04 ± 0.10 log CFU/g for TVC and coliforms, respectively, on Day 7) and sensory scores (6.3) were adequate, and showed good control of microbial proliferation during refrigeration. On the other hand, the rates of spoilage were greatly promoted by abuse temperatures. By Day 7, TVC increased to 5.54 ± 0.18 log CFU/g, coliforms to 4.72 ± 0.17 log CFU/g and sensory scores dropped to an unacceptable 2.4 at 25°C. When subjected to extreme abuse at 37°C, there was the fastest deterioration on Day 7, when the TVC count was 6.78 ± 0.22 log CFU/g, the coliform count 5.92 ± 0.20 log CFU/g and the yeast and mould count 5.40 ± 0.19 log CFU/g. Moreover, pathogenic microflora were transitioned from "Not detected" to "Fully detected" by Day 1 (37°C) and Day 3 (25°C). Finally, it was concluded that the temperature control is a key factor: Samosa stored at 4°C maintains good quality for up to 7 days while the ambient and elevated temperatures result in rapid microbial spoilage and make the product unsafe within 1-3 days.
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Introduction
Background of the Study
The pastry used to make samosa is deep fried and filled with a substance which is rich in nutrients and moisture, while it is under deep fried condition, it is a good media for the growth of microorganisms if it is not cooked and stored properly. How real the risk is can be seen in surveys of street-vended foods. About 525 street food samples collected in four Ethiopian cities, 53% were found to be contaminated with bacteria, with Staphylococcus aureus being the most common of the seven species found, and Samosa being one of the types that had all 7 species (Moges et al., 2024). Samosa sampled in Arba Minch was estimated to contain the aerobic contaminations of around 3.8×10-5 CFU/g; the authors warned that S. aureus in street foods that were stored at ambient temperature can lead to food poisoning (Alelign et al., 2023).
Surviving cells and post cooking-contaminants multiply to a large extent based on the storage conditions. The results showed that the samosa from open air stalls had the higher count at 8.88 ± 0.91 log10 CFU/g while the samosa from indoor shop had 2.22 ± 1.88 log10 CFU/g; this was due to the poor handling, poor storage condition, exposure to flies and dust from the open-air stall, and the authors recommended that proper temperature should be maintained and covered properly with the samosa (Verma & Mishra, 2025). Frozen storage at −18 °C or less stops the growth of spoilage organisms but will not sterilise the product since Salmonella, Staphylococcus, Listeria and Bacillus cereus do not grow at freezing temperatures, but can remain alive (Shamimuzzaman et al., 2022). This study showed that the effect of storage on the mean aerobic plate count of frozen samosa product was modified by the type of filling with counts of 4.36, 5.96 and 6.18 log/g of the vegetable, chicken and beef fillings respectively. Meat based fillings are particularly susceptible to spoilage due to specific spoilage communities and mechanisms in meat-based foods (Odeyemi et al., 2020).
Few recent studies have monitored the microbial quality of samosa over specific set of samosa/shrimp and storage duration and temperature. Published reports are generally from a single location, and provide little usable guidance on the "how long" and "how cold" it can be held before becoming unsafe to eat. The effect of storage time and storage temperature on the microbial quality of samosa therefore is evaluated and evidence provided for the safer handling, storage and shelf-life recommendations for the samosa vendors and consumers.
Materials and Methods
Sample Collection
Forty-five (45) freshly prepared, ready-to-eat vegetable samosa samples (35 ± 2 g) from a single commercial batch were procured aseptically using sterile instruments immediately post-frying. Samples were transferred into individual sterile polyethylene bags and transported to the laboratory within 30 minutes in insulated containers maintained at 4°C to prevent post-processing microbial proliferation. Baseline parameters (Day 0) were established immediately upon arrival. The remaining samples were distributed into temperature-controlled incubators adjusted to 4°C, 25°C, and 37°C for subsequent analysis in triplicate across the 7-day storage lifecycle.
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Plate 1: Samosa
Sample Procurement and Storage Conditions
Freshly prepared samosas were procured from a standardised local vendor under aseptic conditions and transported immediately to the laboratory in insulated thermal bags (Aslan et al., 2026; Ema et al., 2022). The samosas were randomly divided into three batches and stored in temperature-controlled incubators at 4 °C (refrigeration), 25 °C (ambient temperature abuse) and 37 °C (elevated temperature abuse), the same temperatures used in storage studies of ready-to-eat foods (Li et al., 2025). Microbial, physicochemical and sensory analyses were carried out on days 0, 1, 3, 5 and 7.
Sample Homogenisation and Serial Dilution
At each sampling time, a 10 g analytical unit comprising crust and filling was aseptically excised and transferred into a sterile stomacher bag containing 90 mL of sterile 0.1% (w/v) buffered peptone water (1:10 dilution), then homogenised at high speed for 2 min. Ten-fold serial dilutions (10⁻¹ to 10⁻⁶) were prepared by transferring 1 mL of homogenate into 9 mL of sterile physiological saline (0.85% w/v NaCl) (Ema et al., 2022; Moges et al., 2024).
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Microbiological Enumeration
Total aerobic mesophilic counts were determined by the pour-plate method. One millilitre of each appropriate dilution was dispensed into sterile Petri dishes, and molten Plate Count Agar (45 °C) was added. The plates were inverted and incubated at 35 °C for 48 h (Shamimuzzaman et al., 2022).
One millilitre of each dilution was pour-plated with Violet Red Bile Agar (VRBA) and overlaid with an additional 5 mL of VRBA. The plates were incubated at 37 °C for 24 h, and typical purplish-red colonies surrounded by a zone of bile precipitation were counted (Aslan et al., 2026; Feng et al., 2020).
A 0.1 mL aliquot of each dilution was spread on Potato Dextrose Agar supplemented with chloramphenicol (100 mg/L) to suppress bacterial growth, and the plates were incubated at 25 °C for 5 days (Shamimuzzaman et al., 2022).
Selective enrichment broths and differential chromogenic agars were used to detect the target microorganisms, reported qualitatively as detected or not detected (Alelign et al., 2023; Moges et al., 2024). All plate counts were log₁₀-transformed and expressed as log₁₀ CFU/g.
Physicochemical Assessment (pH)
A 10 g sample was blended with 90 mL of carbon dioxide-free distilled water to form a uniform slurry. pH was measured with a digital pH meter calibrated with standard buffers (pH 4.01 and 7.00), and stable readings were recorded at 25 °C (Li et al., 2025).
Sensory Evaluation
Organoleptic quality was assessed by a panel of semi-trained consumer judges. Appearance, aroma, texture and taste were rated on a 9-point hedonic scale (9 = like extremely, 1 = dislike extremely), the most widely used scale for consumer acceptance testing (Addo-Preko et al., 2023). A score of 5.0 was taken as the shelf-life acceptability threshold.
Statistical Analysis
Data are presented as mean ± standard deviation of triplicate trials. Differences were analysed by two-way ANOVA with storage temperature and storage time as factors, at a 95% confidence level (p < 0.05) (Aslan et al., 2026).


Results and Discussion
Table 1: Kinetic Progression of Samosa Microflora and Pathogen Prevalence  (Changes in microbial counts and detection of selected microorganisms in samosas during storage at different temperatures) 
	Microbiological Parameter
	Temperature
	Day 0
	Day 1
	Day 3
	Day 5
	Day 7

	Total Viable Count (log CFU/g)
	4°C
	2.18 ± 0.08
	2.30 ± 0.07
	2.56 ± 0.09
	2.88 ± 0.10
	3.21 ± 0.11

	
	25°C
	2.18 ± 0.08
	2.74 ± 0.09
	3.68 ± 0.12
	4.62 ± 0.15
	5.54 ± 0.18

	
	37°C
	2.18 ± 0.08
	3.20 ± 0.11
	4.46 ± 0.14
	5.72 ± 0.20
	6.78 ± 0.22

	Coliform Count (log CFU/g)
	4°C
	0.95 ± 0.05
	1.08 ± 0.06
	1.36 ± 0.07
	1.70 ± 0.08
	2.04 ± 0.10

	
	25°C
	0.95 ± 0.05
	1.55 ± 0.08
	2.62 ± 0.11
	3.68 ± 0.14
	4.72 ± 0.17

	
	37°C
	0.95 ± 0.05
	2.08 ± 0.09
	3.42 ± 0.13
	4.78 ± 0.16
	5.92 ± 0.20

	Yeast & Mould Count (log CFU/g)
	4°C
	1.20 ± 0.06
	1.34 ± 0.07
	1.62 ± 0.08
	1.94 ± 0.09
	2.25 ± 0.11

	
	25°C
	1.20 ± 0.06
	1.72 ± 0.08
	2.54 ± 0.11
	3.42 ± 0.14
	4.30 ± 0.16

	
	37°C
	1.20 ± 0.06
	2.00 ± 0.09
	3.18 ± 0.13
	4.34 ± 0.16
	5.40 ± 0.19

	Selected Microorganisms
	4°C
	Not detected
	Not detected
	Not detected
	Not detected
	Detected (some)

	
	25°C
	Not detected
	Detected (some)
	Detected
	Detected
	Detected

	
	37°C
	Not detected
	Detected
	Detected
	Detected
	Detected


The microbial counts increased during storage at all the temperatures but the increase rate was influenced significantly by the temperature (Table 1). The initial TFC (2.18 ± 0.08 log CFU/g) was near to that of the samosa purchased from indoor shop (2.22 log CFU/g) and much lower than that of the open-air shop (8.88 log CFU/g) showing good initial hygiene (Verma & Mishra, 2025). By day 7, total viable counts had risen by 1.03 log at 4 °C, 3.36 log at 25 °C and 4.60 log at 37 °C. Coliform counts (+1.09, +3.77 and +4.97 log) and yeast and mould counts (+1.05, +3.10 and +4.20 log) followed the same order. 
Refrigeration delayed the growth of microorganisms, but did not prevent it. This is consistent with the findings that frozen storage inhibits the microbial activity without destroying the contaminants (Shamimuzzaman et al., 2022) and the storage conditions are one of the significant factors affecting contamination of samosa (Verma & Mishra, 2025). The higher growth rates observed at 25 °C and 37 °C support the fact that the majority of spoilage and pathogenic bacteria are mesophilic. At 25 °C (typical street vending temperature in a hot climate), the total viable count was found to be 5.54 log CFU/g and the coliform count was 4.72 log CFU/g after 7 days. The coliform counts have increased even at 4 °C, which indicates that the product has been contaminated after cooking, likely during handling because the vegetative cells should have been destroyed during frying (Verma & Mishra, 2025). 
However, filling type may have contributed to these trends with meat containing foods being known as hosts of spoilage organisms that require storage conditions (Odeyemi et al., 2020). A total of three different microorganisms (S. aureus) were found in the selected media from day 1 at 25 °C, 37 °C, and day 7 at 4 °C. This is a concern regarding the safety of food as S. aureus was the most common bacterium isolated in street foods in Ethiopia (Moges et al., 2024), and it has been associated with food poisoning with foods stored at ambient temperature (Alelign et al., 2023). The findings show that samosa should not be kept at ambient temperature for more than one day and that the use of refrigeration will increase the safe storage time but will not eliminate the risk.




Table 2: Physicochemical Drift (pH) and Organoleptic Degradation
	Parameter
	Storage Temperature
	Day 0
	Day 1
	Day 3
	Day 5
	Day 7

	Matrix Ph
	4°C
	6.12
	6.10
	6.05
	5.98
	5.91

	
	25°C
	6.12
	6.02
	5.82
	5.61
	5.38

	
	37°C
	6.12
	5.91
	5.58
	5.24
	4.96

	Sensory Acceptability (Hedonic Score)
	4°C
	8.5
	8.2
	7.8
	7.1
	6.3

	
	25°C
	8.5
	7.4
	5.8
	3.9
	2.4

	
	37°C
	8.5
	6.2
	3.8
	2.1
	1.2


The pH of the samosa declined with storage time at all temperatures, and the decline was 
steeper at higher temperatures (Table 2). From an initial value of 6.12, pH fell by 0.21 units at 4 °C, 0.74 at 25 °C and 1.16 at 37 °C by day 7. Sensory acceptability declined in the same order. Hedonic scores fell from 8.5 to 6.3 at 4 °C, 2.4 at 25 °C and 1.2 at 37 °C. The pH decline follows the microbial growth in Table 1, and is consistent with the metabolic activity of the growing spoilage flora, which drives spoilage in foods (Odeyemi et al., 2020). The much smaller change at 4 °C shows that refrigeration limited both microbial activity and quality loss.
Sensory rejection occurred earlier as temperature increased. Using a score of 5 as the acceptability threshold, samosa stored at 37 °C became unacceptable by day 3 (3.8), samosa stored at 25 °C by day 5 (3.9), and samosa stored at 4 °C remained acceptable throughout the 7 days (6.3). Rejection at 25 °C and 37 °C coincided with total viable counts of about 4.5 log CFU/g (Table 1), which suggests that sensory deterioration became noticeable only after substantial microbial growth.
Sensory acceptability did not, however, guarantee safety. At 25 °C the samosa was still acceptable on day 3 (5.8) although the selected microorganisms had been detected since day 1, and at 4 °C they were detected on day 7 while the score remained 6.3 (Table 1). Because pathogens such as Staphylococcus aureus in street foods held at ambient temperature can cause food poisoning (Alelign et al., 2023), consumers and vendors cannot rely on appearance, smell or taste to judge whether stored samosa is safe. Temperature control and limits on holding time are therefore needed.
Table 3: Growth Kinetics and Quality Loss Slopes
	Storage Temperature
	TVC Growth Rate (log/day)
	Coliform Growth Rate (log/day)
	pH Shift Velocity (pH/day)
	Sensory Decay Rate (score/day)

	4°C
	+0.15
	+0.16
	−0.03
	−0.31

	25°C
	+0.48
	+0.54
	−0.11
	−0.87

	37°C
	+0.66
	+0.71
	−0.17
	−1.04


The changes in Tables 1 and 2 were expressed as daily rates to make the effect of temperature more obvious (Table 3). The TVC rose by 0.15 log/day at 4 °C, 0.48 log/day at 25 °C and 0.66 log/day at 37 ° C, showing 3.2- and 4.4-times faster growth at 25 ° C and 37 ° C, respectively, than at 4 ° C. The coliforms grew at the same relative rate (0.16, 0.54 and 0.71 log/day) and at each temperature they grew a little faster than the total viable count. The pH shift was 0.03, 0.11 and 0.17 units/day, and the sensory score decayed by 0.31, 0.87 and 1.04 points/day. The microbial growth rate was thus correlated with the quality loss and the four rates were significantly lowered by refrigeration. The rates of sensory decay from 25 °C to 37 °C were somewhat lower (1.2-fold) than the microbial rates (1.3 to 1.4-fold) which was probably due to the scores at 37 °C approaching the lower end of the hedonic scale. The rate of such an evaluation is the foundation for predictive shelf-life estimation. Cipriani et al. (2025) used measured growth rates to model the time required for a pathogen to reach a regulatory threshold in ready-to-eat fish products and Li et al. (2025) similarly monitored the sensory quality, pH and total viable count at 4, 25 and 37 °C, the temperatures used here, and fitted an Arrhenius-based model for the shelf life. The same approach can be used for samosa using the rates in Table 3. They suggest that the holding time should be shorter at ambient temperature as the microbial growth is approximately three times higher per day at ambient temperature as compared to refrigerated temperature.
[bookmark: _GoBack]Table 4: Two-Way ANOVA Source Total Viable Count (TVC) (Two-way analysis of variance (ANOVA) for total viable count (TVC) as influenced by storage temperature and duration
	Source of Variation
	Sum of Squares (SS)
	Degrees of Freedom (df)
	Mean Square (MS)
	F-Value
	p-Value
	Significance

	Storage Temperature (A)
	24.70
	2
	12.35
	1125.84
	< 0.0001
	* Extremely significant

	Storage Time, Days (B)
	50.25
	4
	12.56
	1145.43
	< 0.0001
	* Extremely significant

	Temperature × Time (A × B)
	13.44
	8
	1.68
	153.18
	< 0.0001
	* Extremely significant

	Residual (Error)
	0.33
	30
	0.011
	—
	—
	—

	Total
	88.72
	44
	—
	—
	—
	—


Table 4 reveal that Two-way ANOVA showed that storage temperature (F₂,₃₀ = 1125.84, p < 
0.0001), storage time (F₄,₃₀ = 1145.43, p < 0.0001) and their interaction (F₈,₃₀ = 153.18, p < 0.0001) all had significant effects on the total viable count. The main contributors to the total variation were storage time (56.6%) and temperature (27.8%) with interactions (15.1%) and the residual error (0.4%). The latter indicates good precision between replicates. There was significant interaction between the effect of temperature and the storage duration. The initial difference was negligible but increased over the time: 0.90 log CFU/g (on day 1 and 3) and 3.57 log CFU/g (on day 7) between samosa stored at 4 °C and 37 °C (Table 1). It is therefore necessary to consider the main effects in combination, rather than isolating one another, and it is impossible to give a safe storage time without reference to the storage temperature. This pattern is in line with the studies of storage conditions which has significant effect on the microbial population of samosa (Verma & Mishra, 2025) and the effect of different storage temperatures on quality indicators of ready to eat foods (4, 25 and 37 °C) (Li et al., 2025).
Conclusion
The present study illustrates that storage temperature plays a significant role in the microbiological quality and acceptability of RTE samosas. Microbial growth was well controlled at 4°C, with the total viable count only reaching 3.21 ± 0.11 log CFU/g on day 7, and sensory acceptability was relatively high throughout the storage. However, storage at 25°C and 37°C led to significantly higher microbial growth rates (total viable count, coliform count), with the pH dropping progressively and the sensory acceptability decreasing. The degradation was worse at 37°C and the pH of the matrix decreased to 4.96 and the sensory acceptability also was reduced significantly by Day 7. In general, the results showed that refrigeration of the products at around 4°C can significantly reduce the growth of microorganisms and consequently the quality of the ready-to-eat samosas over the 7-day storage period studied.
Recommendations
Based on these findings, the following actions are recommended to safeguard public health:
· Retailers, food service establishments, and consumers must store prepared samosas under constant refrigeration (≤ 4°C) if they are not consumed immediately.
· Food vendors must completely abandon the practice of storing and displaying samosas in open-air showcases or ambient-temperature glass boxes at room temperature.
· If refrigeration is unavailable, a strict 24-hour maximum shelf-life limit must be enforced. Any product held past 24 hours at room temperature should be discarded as a chemical and biological hazard.
· Public health agencies should launch targeted campaigns educating street-food handlers on the dangers of temperature abuse in high-moisture pastry fillings.
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