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Background: It is well known that deterioration is a big concern in the food supply chain. The problem is more serious in handling of traditional foods in developing country such as Ethiopia, due to the limited knowledge about the optimum processing, packaging and storage conditions.

Objective: This study aimed to investigate the effect of packaging material and storage condition on the shelf life of Ethiopian traditional Awaze paste.

Methods: Six types of packaging materials were employed: Shekella pot, Gourd (Qelle), high-density polyethylene (plastic bag), plastic bottle, glass bottle and metal can. These packaging materials are traditionally used by household producers and cottage industries in Ethiopia. The paste was stored at two temperatures: room temperature (21 ± 2°C) and refrigeration temperature (4°C).

Results: Physical changes, color (a) value, pH, acidity, yeast and mold levels, total bacterial count (TBC), and lactic acid bacteria count (LAB) were assessed every 60 days over a period of 300 days. pH value, acidity, yeast and mold, TBC, and LAB count were significantly (p < 0.05) affected by packaging material, storage temperature and storage period. After 300 days of storage, the highest yeast and mold count, 4.06 log CFU/g, was observed in samples stored in plastic bags. The highest total bacterial count (TBC), 4.12 log CFU/g, was found in samples stored in metal cans. The samples stored in glass bottles at refrigeration temperature (4°C) were found to have a color (a*) value difference of 11.5 to 13.85, a yeast and mold count value of 3.2 log cfu/g, and a TBC value of 2.97 log cfu/g, which were acceptable after 300 days of storage as per the international food standards.

Conclusion: Taking into account all parameters including physical changes (color, mold growth, texture), acidity, yeast and mold, TBC, and LAB count, Awaze paste could be stored in glass bottles at 4°C for up to 300 days.
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Introduction

Awaze is a major fermented sauce used in various ways in rural Ethiopian households (1). It is created by fermenting a blend of spices such as red pepper, ginger, red onion and garlic. This mixture also includes smaller quantities of cardamom, fenugreek, white cumin, basil, black cumin, mekelesha, rue, coriander, rosemary, thyme, and salt. Lactic acid bacteria and Yeast are involved in the 30-day fermentation process, which occurs at ambient temperature (2). This process enhances the taste and flavor of the Awaze paste, making it rich in antioxidants, fiber, and minerals, with good storage stability because of the high spice and salt content. Red onion, ginger, and the wet spices (used in small amounts) are perishable, with spoilage typically caused by improper handling, natural enzymes, chemical reactions, and changes during storage. Post-harvest losses of red onion can be reduced through processing and proper storage (3), but there is a need to explore alternative preservation methods and value-added products. Awaze paste is a minimally processed alternative spice based food that can be stored for extended periods without significant changes in quality or freshness (4).

Fermented Awaze paste in Ethiopia is traditionally produced by each rural households in the winter, following the November harvesting season for red pepper. It is then consumed throughout the year by individual rural Ethiopian households (4, 5). Awaze paste is commonly prepared using traditional fermentation process and stored using traditional storage materials [Shekella pot and Gourd (Qelle)] at individual households. Modern industrial packaging materials such as plastics, glass and cans are not commonly used by the rural community.

Previous studies have investigated the formulation and optimization of Awaze paste in relation to the method of preparation and proportion of ingredients (1). Other studies have investigated the preservation of Awaze paste. Woldemariam et al. (6) reported on the microbial inactivation of Awaze paste treated by high pressure processing. Idris et al. (7) presented microbial and physicochemical studies on the fermentation of Awaze paste. Tigu et al. (8) reported on the probiotic properties of lactic acid isolates from Awaze paste. Tsegaye et al. (2) studied the behavior of E. coli O157: H7 after the fermentation of Awaze stored at atmospheric and refrigeration temperatures. Additionally, the effect packaging and storage have been conducted on various red pepper paste products from different countries around the world. The influence of packaging films on the characteristics of Gochujang was studied by Lee et al. (9). The effect of packaging materials on the quality of red pepper paste was reported by Uzel et al. (10). The inactivation of Aspergillus flavus in pepper paste by gamma ray and X-ray was studied by Byun et al. (11). Freeze-drying of chili paste was studied by Man et al. (12). The pasteurization of red pepper paste by ohmic heating was presented by Cho et al. (13).

Recently, the processed spice market has experienced growth, largely attributed to the success of fast food chains and restaurants. In the domestic channel, final users of processed spices include food processing industries (5–10%), the retail sector (80–90%), and the catering sector (5–10%) in Ethiopia (14). However, small-scale processors often lack the technologies necessary for proper storage and preservation of Awaze paste. Packaged paste products, made using traditional Ethiopian household procedures, have become popular in many homes. Consumers prefer non-pasteurized paste without preservatives to maintain high sensory quality. Unfortunately, the storage and packaging conditions do not always meet the paste’s requirements, leading to deterioration in quality during storage.

Literature reviews have revealed that there is limited research on the microbial and physicochemical properties of Awaze during storage using various packaging materials and temperatures. In rural households in Ethiopia, traditional packaging materials such as Shekella pots and Gourd (Qelle) are commonly used to store Awaze paste at room temperature. In urban households in Ethiopia, there is a very limited production of Awaze paste and it is commonly stored using packaging materials like plastic bottles, glass bottles, and plastic bags, both at room temperature and refrigeration conditions. Nevertheless, the best packaging materials and storage conditions to prolong the shelf life of Awaze in Ethiopia have not known yet.

To fill this gap, this study aims to evaluate the shelf life of Awaze by examining how its physicochemical and microbiological properties change when it is stored in different packaging materials at various temperatures. Acquiring knowledge about the physicochemical and microbial properties such as color value (a*), physical changes, pH, acidity, yeast, mold, and total bacteria under different packaging and storage conditions is crucial for determining the effective shelf life of the paste. This information could help to recommend suitable packaging material and storage conditions to household producers, cottage industries, entrepreneurs, supermarkets, and industries.



Materials and methods


Collection and preparation of Awaze paste

In the current study, raw materials for Awaze paste were obtained from Bure district, Amhara region, Ethiopia in September 2022. Red pepper was sourced from there, while garlic, ginger, red onion, cardamom, white cumin, fenugreek, black cumin, basil, rue, mekelesha, coriander, rosemary, thyme, and salt were purchased from Menegasha Market in September 2022, Oromia region, Ethiopia. After purchasing, the spices were transported to Food research laboratory at Holeta Agricultural Research Center, Ethiopia for product development.

Awaze paste used in the study was prepared according to the method (1). An optimized formula was used for the storage experiment of Awaze paste. Independent variables included (65.66: 10: 19.08: 5.25% red pepper, garlic, red onion, ginger, respectively), which were mixed with controlled variables of 5 g cardamom, 5 g fenugreek, 2.5 g white cumin, 2.5 g basil, 1.25 g black cumin, 1.25 g mekelesha, 1 g rue, 0.5 g coriander, 0.4 g rosemary, 0.4 g thyme, and 20 g salt. The mixed ingredients were milled and 200 g of composite powder was mixed with 300 mL of boiled water in a 400 mL capacity screw cap bottle to prepare Awaze paste.



Storage method of Awaze paste

Two traditional storage materials, Gourd (Qelle) and Shekella pots, commonly used by household producers, were employed. In Addition, modern industrial packaging materials that include high-density polyethylene plastic bags, plastic bottles, glass bottles, and metal cans were used. These packaging materials were selected based on a preliminary survey conducted in Addis Ababa on packaging materials used for packaging and storing of paste foods in super markets. Prior to filling, the storage materials were sterilized for 20 min at 120°C to eliminate microbes (15). Subsequently, 200 g of Awaze paste was filled into each storage material and stored at two different temperature conditions: room temperature (21°C) and refrigeration temperature (4°C) based on the environmental conditions of household producers and market utilization of the paste by consumers in Ethiopia.



Experimental design and treatment combination

The study was conducted using a completely randomized design (CRD). The experiment utilized a three-factor factorial design. The three independent variables were packaging materials (six levels: Gourd, Shekella pot, plastic bag, plastic bottle, glass bottle, and metal can), storage temperature (two levels: 4°C and 22°C), and storage duration (five levels: 2, 4, 6, 8, and 10 months). Quality analysis of the stored paste samples was performed every 2 months over a period of ten months. As per the household consumption practice, the packages were opened at each sampling time and closed back as soon as the samples were taken. The initial values measured at time zero, before storage began, were used as baseline data to evaluate the quality degradation trend of the product.



Physical change

Physical changes such as mold growth, and texture (softness) of the paste were observed (visual observation) and recorded at 60-day intervals up to 300 days.



Color (a*) value

The color of fresh and stored Awaze paste samples was measured using Hunter Lab Mini Scan XE colorimeter (Hunter Associates Laboratory, Reston, United States). Prior to conducting color measurements, the Mini Scan XE colorimeter device was calibrated with white and black standard calibration plates. The color values (a*) were expressed as a* (redness/greenness) (16).



pH value

The pH of the product was obtained following the method (17). The pH of the prepared paste was determined by mixing a 10-gram sample with 100 mL of distilled water, and then the pH was measured by dipping the calibrated electrode of a pH meter (Mettler Toledo, China) into the prepared sample solution.



Titratable acidity

The acidity of the prepared paste was determined titrimetrically according to the method (17). A 10 g sample was added to 100 mL of deionized water, stirred gently, and the mixture was allowed to stand for 1 hour. Then, 10 mL of the solution was taken, 0.5 mL of phenolphthalein was added, and titrated with 0.1 N NaOH until a pink color appeared for 30 s.



Microbial profile

For detecting microbial growth, standard methods were used (18). Samples (25 g) were dissolved with 225 mL of sterile water containing 0.1% peptone. Serial dilutions were performed, and the diluted samples (1 mL) were applied to the surface of the media using a pouring technique. Duplicate plates were prepared in all cases. The TBC was estimated by applying plate count agar and incubating at 30°C for 48 h. PDA was used to isolate yeast and mold, incubating at twenty five degree centigrade (25°C) for 48 h. Lactic acid bacteria (LAB) were cultured on MRS agar and incubated aerobically at 30°C for 48 h. Coliforms were estimated by pouring VRBA and incubating at 35°C for 24 h. Colonies were measured using a colony counter (Model: Scan 300, Inter science). The count was calculated as log colony-forming units per gram.



Determination of microbial load

Plates containing distinct colonies were selected and counted using a colony counter (Model: Scan 300, Inter science). Then, the microbial load was calculated using the method and using Equation 1 (19).
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where N = total number of bacteria, yeast, mold, lactic acid bacteria (cfu/g) of the sample, n = average number of bacterial colonies from different dilutions containing 30–300 colonies, S = volume of sample for plating (ml), and d = dilution factor of the Awaze paste sample taken from the first count that should be included from 30 to 300 colonies.



Data analysis

Statistical analysis was conducted using SPSS software, Version 24 (IBM, Chicago, IL, United States). The experiments were planed using factorial completely randomized design with three replications using SPSS software, Version 24. Tukey multiple range comparison test were utilized to investigate significant differences between the treatments, with a 95% confidence interval at p < 0.05. A three factor experimental design was employed. Minitab software, Version 17, was employed to examine the interaction effect between packaging material, storage temperature, and storage time.




Results and discussion


Physical and color value (a*) change

Awaze paste stored in Shekella pots, Gourds (Qelle), plastic bags, plastic bottles, glass bottles, and metal can showed physical changes during the 300-day storage period, as shown in Table 1. Upon physical observation of the stored Awaze paste, mold growth was evident after 120, 180, 240, and 300 days on samples stored in atmospheric conditions using Shekella pots, plastic bags, Gourds (Qelle), and glass bottles, respectively. A color change from red to dark was noted in samples stored in metal cans after 180 days of storage. Samples stored in Gourds (Qelle) solidified after 240 days, likely due to water absorption by the packaging material. However, samples stored at refrigeration temperature, except for those in metal cans, exhibited no physical changes after 300 days. A color change was observed after 240 days in samples stored in metal cans at refrigeration temperature (Table 1). For sample, for production a glass bottle, the lowest color value (a* = 11.5) was recorded in samples stored at atmospheric temperature (room temperature), while those stored at refrigeration temperature had the highest color value (a* = 12.7) with the least change compared to fresh Awaze (Figure 1). In general, Awaze paste stored at refrigeration temperature preserved color value (a*) better than those stored at room temperature.



TABLE 1 Physical change of Awaze paste stored in different storage material and temperature at different time.
[image: Table1]
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FIGURE 1
 Color value (a*) of Awaze paste stored in glass bottle at room temperature and refrigeration temperature for 300 days of storage time.




pH value

The pH of Awaze pastes during the storage time with different packaging materials is presented in Figures 2, 3. The initial pH value of fresh Awaze paste was 5.25. The pH values decreased significantly (p < 0.05) during the storage time under both room temperature (21 ± 2°C) and refrigeration temperature (4°C) conditions, for all packaging materials. The pH values higher than 4.6 grouped as low acidic food and below 4.6 grouped as acidic food (20). The decline in pH value was more noticeable for pastes stored in atmospheric condition than the refrigeration condition. In both storage scenarios, the lowest pH values after 300 days of storage were observed in the Qelle package (4.2 and 4.5 for atmospheric and refrigerated storage conditions, respectively). A previous study on hot pepper paste reported pH values ranging from 3.8 to 8.79 (21), while the pH values of the sweet red pepper paste were found to be between 4.35 and 5.42 (10). These findings align with the results of this study. Generally, the pH value change at different packaging and temperature conditions indicated that pH value reduced to the level of either low acidic food or acidic food pH value during storage time.

[image: Figure 2]

FIGURE 2
 Changes in pH value during storage in the Awaze paste stored at different packaging material and room temperature (21 ± 2°C).
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FIGURE 3
 Changes in pH value during storage in the Awaze paste stored at different packaging material and refrigeration temperature (4°C).




Titratable acidity

Figures 4, 5 presents the titratable acidity levels of Awaze paste stored in different types of packaging materials and storage condition. Samples stored at atmospheric condition (21 ± 2°C) in different packaging methods had TA value ranging from 0.06 to 0.387% throughout the storage period. In contrast, samples stored at refrigeration temperature (4°C) had TA value ranging from 0.085 to 0.54%. Samples packed in Shekella pot and Qelle packaging exhibited relatively low TA value, while samples stored in plastic bottles, glass bottles, and metal cans showed higher TA value. This difference could be attributed to variations in oxygen levels from diffusion through the packaging, as well as the difference in the filling and packaging procedures that may lead to oxidation of the Awaze paste. Generally, higher TA value was observed during refrigerated storage conditions. A previous study reported that TA values for sweet red pepper paste ranging from 0.25 to 0.98 (10), which are higher than the results obtained in the current study. This difference could be due to variations in ingredient composition, storage temperature, packaging materials, and storage duration. Generally, TA value of Awaze paste during storage time (300 days) indicate significant variation in the quality of the paste.

[image: Figure 4]

FIGURE 4
 Changes in titratable acidity during storage in the Awaze paste stored at different packaging material and room temperature (21 ± 2°C).
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FIGURE 5
 Changes in titratable acidity during storage in the Awaze paste stored at different packaging material and refrigeration temperature (4°C).




Microbial stability of Awaze paste

The microbiological analysis revealed that coliforms were not detected in fresh Awaze or in the final product at any point during the storage period. However, yeast, mold, total bacterial count (TBC), and lactic acid bacteria (LAB) were observed starting from the first month of storage and continued to be present thereafter (Figures 6–12).

[image: Figure 6]

FIGURE 6
 Changes in yeast and mold counts during storage in the Awaze paste stored at different packaging material and room temperature (21 ± 2°C).
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FIGURE 7
 Changes in yeast and mold counts during storage in the Awaze paste stored at different packaging material and refrigeration temperature (4°C).
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FIGURE 8
 Changes in TBC during storage in Awaze paste stored at different packaging material and room temperature (21 ± 2°C).
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FIGURE 9
 Changes in TBC during storage in Awaze paste stored at different packaging material and refrigeration temperature (4°C).
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FIGURE 10
 Changes in LAB during storage in Awaze paste stored by different packaging materials and at room temperature (21 ± 2°C).
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FIGURE 11
 Changes in LAB during storage in Awaze paste stored by different packaging materials and at refrigeration temperature (4°C).
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FIGURE 12
 Growth pattern of yeast and mold, TBC and LAB during Awaze paste storage in (A) plastic bag, (B) plastic bottle, (C) glass bottle, (D) metal can, (E) Shekella pot, (F) Gourd (Qelle) at refrigeration temperature (4°C).




Yeast and mold count

Figures 6, 7 illustrate the yeast and mold counts of Awaze paste over the storage period. The initial yeast and mold values of fresh Awaze paste was 1.93 log cfu/g. The counts increased significantly (p < 0.05) across all packaging materials and storage conditions as the storage period progressed. Mold can thrive in the paste due to its water activity, and it can grow even under low moisture, low temperature, and high salt conditions (22). The highest (p < 0.05) yeast and mold counts were observed in plastic bags, plastic bottles, and metal cans at 4.08, 4.23, and 4.32 logcfu/g, respectively, after one hundred and twenty (120) days of storage at room temperature (21 ± 2°C), slightly above the acceptable limit set by the international food standard. According to the International Commission for the Microbiological Specifications for Foods (ICMSF), yeast and mold counts should be lower than 4 log cfu/g for food samples (19).

Considering 4 logcfu/g as the acceptable limit for molds and yeast, samples stored in plastic bags, plastic bottles, and metal cans were not acceptable after one hundred twenty (120) days of storage at room temperature (21 ± 2°C). Awaze paste samples stored in Gourds (Qelle) and glass bottles showed yeast and mold counts below the limit until 300 days of storage at room temperature (21 ± 2°C). At this storage condition, there was a noticeable decrease in yeast and mold count to a safe value after the peaks, possibly due to the depletion of oxygen and the accumulation of carbon dioxide as a result of yeast and mold respiration. Samples stored in various packages at atmospheric temperature (21 ± 2°C) exceeded the acceptable yeast and mold count limit of 4 log cfu/g. However, for all packaging materials kept at refrigeration temperature (4°C) for 300 days, the yeast and mold counts remained within the acceptable limit (Figures 6, 7).

Yeast strains such as, Candida versatilis, Zygosaccharmycesrouxii, and C. etchellsii produce gas during the fermentation of pastes and grow when oxygen levels increase (23). More permeable film packaging retained higher yeast and mold counts than less permeable packaging materials. Awaze paste stored in glass bottles had lower yeast and mold counts compared to Shekella pots, Gourds (Qelle), plastic bags, plastic bottles, and metal cans, possibly due to the relatively low oxygen permeability of glass bottles. Similarly, Awaze paste stored in Gourds (Qelle) also had low yeast and mold counts, likely due to the low permeability of the storage material. A previous study on sweet red pepper paste with different packaging materials (PET and PP) found yeast and mold counts of 3.3 log cfu/g (10), that is in consistent with this study. Korean red pepper paste packed under modified atmosphere with high barrier plastic film at 13°C had yeast and mold counts of 6.5 log cfu/g (9), higher than the results of the current study. In general, Awaze paste stored at room temperature (21 ± 2°C) in all packaging materials had higher yeast and mold counts compared to refrigeration temperature (4°C). Glass bottles and Gourds (Qelle) had the lowest yeast and mold counts (within the acceptable limit) compared to Shekella pots, plastic bags, plastic bottles, and metal cans in both storage temperature conditions (21 ± 2°C and 4°C).



Total bacterial plate count

The TBC of Awaze paste is presented in Figures 8, 9. The TBC of Awaze paste remains relatively stable during storage. The initial total bacteria count of fresh Awaze paste was 2.47 log cfu/g. Low moisture, low temperature, and high salt levels are unfavorable for bacterial growth. The acceptable limit for the TBC is 5 log cfu/g for spices and foods that require further cooking before consumption (24). It was determined that the paste samples stored in Shekella pot, Gourd (Qelle), plastic bag, and glass bottle were within the acceptable limit at atmospheric temperature (21 ± 2°C). The Awaze paste sample packed in a metal can showed a slightly higher TBC (5.02 log cfu/g) after 240 days of storage (Figure 8). After 300 days of storage, samples stored using all packaging materials at 4°C were acceptable in terms of safe bacterial levels (Figure 9). Previous studies have reported TBC ranging from 0.13 to 8.6 log cfu/g for hot red pepper paste produced using various techniques (21). Another study on Korean red pepper paste using different packaging films reported TBC in the range of 5.2 to 5.4 log cfu/g (9), which is higher than the findings of this study. Overall, our data show that samples stored in all packaging materials under refrigeration conditions had the lowest TBC, which falls within acceptable food standards. Awaze samples stored in a metal can at room temperature had the highest TBC, exceeding the acceptable limit of food standards.



Lactic acid bacteria

There was an increase in LAB with storage period. The initial lactic acid bacteria count of fresh Awaze paste was 1.63 log cfu/g. The highest value observed was 4.32 log cfu/g for glass bottle followed by Gourd (Qelle) (4.3 log cfu/g) stored at atmospheric temperature (21 ± 2°C) for 120 days (Figure 6), but it decreased to a value of below 3 log cfu/g as the storage proceeded to 300 days. The decrease with storage period could be due to the depletion of oxygen and accumulation of carbon dioxide due to respiration of the bacteria. For refrigerated storage, the maximum value observed was 3.25 log cfu/g for Awaze paste stored using a metal can for 300 days (Figures 10, 12). For all packaging materials, samples stored at room temperature (21 ± 2°C) had higher LAB compared to samples stored at refrigeration temperature (4°C). Lactic acid bacteria count at atmospheric temperature observed a maximum of 4 log cfu/g and for refrigeration temperature observed 3.25 up to 300 days storage. This indicates that the final stage of Awaze paste fermentation was carried out by lactic acid bacteria. This is consistent with the common phenomenon in food and beverage fermentation involving lactic acid bacteria. The lactic acid bacteria provide the acidic environment for yeast growth while the yeast provide vitamin and other growth factors (25). A similar observation was reported by Aşkin Uzel (10). A study on LAB growth on red pepper paste stored at 29°C using back sloping fermentation reported a value in the range of 3.5–9 log cfu/g (26), which is higher than the current result. This could be due to the back sloping fermentation process of red pepper paste that could increase the LAB. A previous study on chili pepper paste found LAB in the range of 2–8 log cfu/g (27). Another report on Awaze stored at atmospheric conditions reported LAB as high as 9 log cfu/g (7), this could be due to the difference in formulation and packaging.

Regarding the microbial growth pattern, some growth was observed in yeast and mold count, total bacteria count, and lactic acid bacteria in all packaging materials after 120 days stored at room temperature (21 ± 2 4°C) and 60 days stored at refrigeration temperature (4°C) after the first and second analysis. In all packaging materials except metal can, yeast and mold and lactic acid bacteria showed a similar growth pattern at 4°C storage condition. For all packaging materials that were stored at 4°C, the highest microbial growth rate was observed during the initial storage period (Figure 12). For the product that was packed using plastic bag, plastic bottle, glass bottle and metal can, the maximum microbial growth rate was during the first 60 days of the storage period of the product. Whereas for the product that was packed using Shekella pot and Gourd (Qelle), the maximum growth rate was observed during the first 30 days storage period. Lactic acid bacteria increased steadily until they reached their maximum count of 4.45 log cfu/g when stored at room temperature (21 ± 2°C) and 3.26 log cfu/g when stored at refrigeration temperature (4°C). Generally, after 300 days of storage in all packaging materials at refrigeration temperature (4°C), yeast and mold and lactic acid bacteria increase, while total bacterial count decreases (Figure 12). The current result are in agreement with the report of Hassen et al. (7).



Main and interaction effects of packaging material, storage temperature, and storage time for Awaze paste

The main and interaction effects of packaging material, storage time, and storage temperature are detailed in Table 2. Storage time significantly (p < 0.05) influenced the physicochemical and microbiological quality of Awaze paste. Packaging materials significantly (p < 0.05) affected the pH and acidity of the paste. Storage temperature had a significant (p < 0.05) impact on the pH, titratable acidity, and total bacterial count (TBC) of Awaze paste. The interaction between packaging material and storage time significantly (p < 0.05) influenced the Titratable acidity of the paste. Additionally, the interaction between storage time and storage temperature significantly (p < 0.05) affected both the pH and TBC of Awaze paste. Generally, the pH value, TA, yeast and mold, TBC, and lactic acid bacteria of Awaze paste was affected by storage time.



TABLE 2 Main effects and interaction effect of packaging material, storage temperature and storage time for Awaze paste stored at different packaging material and temperature conditions.
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Conclusion

The study investigated the effects of packaging material type, storage temperature, and storage time on the physicochemical and microbial properties of Awaze paste. Significant differences in microbial load were found among various packaging materials, storage durations, and temperatures. Color changes occurred during storage at both atmospheric and refrigeration temperatures, with more pronounced color degradation at room temperature. Yeast, mold, and lactic acid bacteria counts increased over time. Storage time significantly influenced the physicochemical and microbial quality of Awaze paste. The interaction between packaging material type and storage time significantly affected the paste’s titratable acidity. Additionally, the interaction between storage time and temperature affected the pH and total bacterial count. The results of this study indicated that Awaze paste stored in a glass bottle at refrigeration temperature maintained good quality and safety. In conclusion, based on observations of physical changes, pH values, titratable acidity, yeast and mold counts, and total bacterial counts, it is safe to store Awaze paste in a glass bottle at 4°C for up to 300 days. Future research on modified atmospheric packaging of Awaze paste with well-controlled storage conditions, including relative humidity, is highly recommended.
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