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                                                        ABSTRACT 
Beta vulgaris (beetroot) is a root vegetable valued for its nutritional content, natural pigments, and health-promoting bioactive compounds. Due to its high moisture content, beetroot is highly perishable and susceptible to microbial contamination, physicochemical deterioration, and sensory quality loss during storage. This study assessed the microbiological, physicochemical, and sensory qualities of Beta vulgaris (beetroot) under different storage conditions. Beetroot samples were collected from Choba Market in Port Harcourt. They were stored in refrigeration and at room temperature. Three packaging methods were used: open storage, paper bag, and Ziplock. We evaluated the samples for microbial, physicochemical, and sensory traits using standard microbiological methods. These included Gram staining, motility tests, and biochemical tests. Physicochemical parameters such as pH, moisture content, and texture were also determined. Results indicated that microbial loads varied according to storage method and temperature. In Ziplock storage, total heterotrophic bacteria (THB) ranged from 1.8 × 10³ to 5.2 × 10³ CFU/g, total heterotrophic fungi (THF) from 1.1 × 10² to 1.8 × 10³ CFU/g, total coliforms from 1.0 × 10² to 2.4 × 10³ CFU/g, and Staphylococcus aureus from 1.3 × 10² to 1.9 × 10³ CFU/g. Paper bag storage recorded the lowest microbial counts, while open storage had the highest (THB: 2.5 × 10³–1.15 × 10⁴ CFU/g; THF: 1.3 × 10³–7.8 × 10³ CFU/g). Refrigeration consistently suppressed microbial growth, highlighting its effectiveness in preserving beetroot quality. The study concludes that open storage promotes the highest microbial proliferation, whereas refrigeration combined with Ziploc and Paper bag storage effectively reduces contamination. To maintain microbial safety and quality, beetroot should be stored in paper bags under refrigeration.
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INTRODUCTION
Beetroot (Beta vulgaris), a root vegetable from the Amaranthaceae family, is cultivated for its edible root and leaves. It typically has a round or oblong shape with smooth or slightly rough skin and comes in colors like red, yellow, white, or striped. The root has a firm, juicy interior with concentric rings and an earthy, slightly sweet taste due to natural sugars [1]. Beet greens, similar to spinach, are also edible. 
Nutritionally, Beta vulgaris is rich in dietary fiber, vitamins (C, folate), and minerals (potassium, iron, magnesium) [2]. Beetroot is eaten in several ways around the world (raw, cooked, juices, or food products) due to its versatility [3].
Beta vulgaris is a highly valuable species with physicochemical and phytochemical properties of interest in nutrition, food science, and also therapeutics. It has a high-water content (87–88%), which provides a crisp texture and its characteristic deep-red to purple color by the water-soluble betalain pigments, such as betacyanins and betaxanthins, that are sensitive to pH, temperature, and light [4]. Its slight sweetness is due to natural sugars like sucrose, and its mild earthiness comes from geosmin. Beetroot has a slightly acidic pH (5.5–6.5), consisting of bioactive compounds including nitrates, polyphenols, and dietary fiber—compounds that have positive antioxidant, anti-inflammatory, and cardioprotective effects [5]. In addition, it includes phytochemicals such as flavonoids, phenolic acids, saponins, alkaloids, and carotenoids with antimicrobial–anti-cancer and immune-boosting effects [6]. Additionally, dietary nitrates in Beta vulgaris is known to stimulate nitric oxide production, which improves vasodilation and blood circulation [4]. Such properties make beetroot of great value for food processing, natural coloring, and functional food formulations, with potential therapeutic applications [8] [7] .






Beta vulgaris hosts various bacteria, including Lactobacillus plantarum, L. paraplantarum, L. pentosus, L. paracasei, L. casei, L. rhamnosus, L. helveticus, L. salivarius, and L. acidophilus, which have been identified in both raw and fermented forms [9] [10] [11]  . Fungal species associated with beetroot include Fusarium oxysporum, Pythium sp., Alternaria alternata, Botrytis cinerea, Aspergillus niger, Rhizoctonia solani, Rhizopus stolonifera, Penicillium expansum, and other soil fungi that contribute to beetroot rot, such as Sclerotium rolfsii, Macrophomina phaseolina, Aphanomyces cochlioides, and Phytophthora spp. [12]  [13] [14]  .
Proper storage of Beta vulgaris is essential for maintaining its quality, nutritional value, and marketability, with optimal conditions being 0–4°C and 95% relative humidity to prevent moisture loss, shriveling, and microbial infections [15]  [16] . Techniques such as controlled atmosphere storage, damp mediums (e.g., sand or sawdust), foliage removal, and post-harvest curing help reduce dehydration and microbial susceptibility, while alternative methods like freezing and pickling extend shelf life while preserving nutrients and enhancing flavor. [17] [18] 
Beta vulgaris, a storable and nutrient-rich vegetable consumed around the world for its various health benefits and functional properties. However, its perishable nature because of the high moisture content [16] leads to rapid microbial growth, physicochemical degradation and sensory spoilage during storage. Despite its growing consumption, few comprehensive investigations on the impact of storage conditions on beetroot microbiological, physicochemical and sensory properties throughout time are available. It is important to comprehend these changes since microbial contamination can significantly impact food safety risks and physicochemical degradation determines nutritional value, texture, and consumer acceptability. Furthermore, non-optimal storage conditions can subsidize spoilage which contributes to food waste and economic losses in the supply chain. Failure to fill this knowledge gap may lead beetroot consumers increasingly exposed to microbial hazards, reduced shelf life and decreased market value of these products. Lack of the necessary information has necessitated this study to investigate the microbiological quality of beetroot stored under various conditions, as microbial contamination markedly impacts its safety, storability and consumer acceptability. Incorrect storage also causes spoilage microorganisms and pathogenic bacteria to grow due to these conditions; hence foodborne diseases may occur. Assessing microbial load, diagnosing number one spoilage happening organisms, and comparing how temperature, humidity conditions and preservation methods influence these microbes. This research aims to determine optimal storage conditions that minimize contamination. The findings will help enhance food safety, reduce post-harvest losses, and improve storage strategies for maintaining the microbiological integrity of beetroot.
                                    MATERIALS AND METHODS
 Experimental Design
This study employed a 3 × 2 × 5 factorial experimental design, with packaging type, storage temperature, and storage time as the main factors. Packaging method (3 levels): Ziplock bag (airtight plastic packaging) ,Paper bag (breathable packaging),  Open-air storage (unpackaged control) .Storage temperature (2 levels):Refrigerated storage: 4–8 °C  and Ambient storage: 25 ± 2 °C .Storage time (5 levels):Day 0, Day 3, Day 5, Day 7, and Day 9.Each treatment combination (packaging × temperature) was monitored over the five storage periods.
Experimental Conditions
Fresh Beta vulgaris (beetroot) samples were purchased from Choba Market, Port Harcourt, and transported to the Microbiology Laboratory, University of Port Harcourt, in sterile polythene bags. On arrival, samples were sorted to remove damaged roots and randomly assigned to the different storage treatments.The beetroot samples were stored under the specified packaging and temperature conditions for a total duration of 9 days. At each sampling day (0, 3, 5, 7, and 9), samples were analyzed.
Sample Storage 
The Beta vulgaris samples were stored under different conditions to assess their microbiological, physicochemical, and sensory qualities. Temperature-based storage included refrigeration (4°C–8°C) and room temperature (25°C ± 2°C). Additionally, different packaging methods were used, such as open storage, paper bag storage, and Ziplock bags stored for different day 0,3,5,7,9. The factors were measured for a period to assess the changes in the quality of beetroot, which include the microbial count, physicochemical properties (such as moisture content, pH and texture) and sensory qualities (color, flavor and aroma).
For the microbiological analysis, the stored samples of Beta vulgaris were first prepared by collecting aseptically portions of samples from each of the storage condition and washing the samples in sterile distilled water to remove external contaminations followed by blotted using a sterile paper towel. Using a sterile knife and cutting board, 10 g of each Beta vulgaris sample was weighed and transferred into a sterile stomacher bag. To prepare a homogenate, 90 mL of sterile buffered saline solution was added, and the mixture was homogenized using a blender for 1-2 minutes to ensure uniform microbial distribution. 

 Microbial Analysis of Beta vulgaris
Enumeration of Total Heterotrophic Bacteria  
A tenfold serial dilution was carried out by transferring 1 mL of the sample into test tubes containing 9 mL of sterile distilled water, arranged serially in the order 10⁻¹ to 10⁻¹⁰. Dilutions of 10⁻¹ and 10⁻⁵ were inoculated and incubated at ambient temperature for 24 hours for the enumeration of total heterotrophic bacteria. After incubation, colonies were counted and expressed as colony-forming units per gram of sample (cfu/g).  
Enumeration of Total Heterotrophic Fungi  
The enumeration of total heterotrophic fungi in Beta vulgaris was carried out using the spread plate technique and Potato dextrose agar. Dilutions of 10⁻³ and 10⁻⁴ were inoculated on Potato dextrose agar and were incubated at room temperature for 48 to 72 hours. After incubation, colonies were counted and expressed as colony-forming units per milliliter of sample (cfu/g).  
Enumeration of Staphylococcus spp
The enumeration of Staphylococcus was done using spread plate technique and mannitol salt agar. A tenfold serial dilution was carried out by transferring 1 mL of each sample into test tubes containing 9 mL of sterile distilled water, arranged serially in the order 10⁻¹ to 10⁻¹⁰. Dilutions of 10-3 and 10-4 were inoculated into mannitol salt agar and incubated at 37°C for 48 hours. After 48 hours, colonies were counted and expressed as colony-forming units per milliliter of sample (cfu/g).  
  Enumeration of Total Coliform
A tenfold serial dilution was carried out by transferring 1 mL of each sample into test tubes containing 9 mL of sterile distilled water, arranged serially in the order 10⁻¹ to 10⁻¹⁰. Dilutions of 10-3 and 10-4 were inoculated into   Macconkey agar and incubated at 37°C for 48 hours. After 48 hours, colonies were counted and expressed as colony-forming units per milliliter of sample (cfu/g).
Maintenance of Pure Culture
Discrete colonies were purified by repeated sub-culturing onto appropriate sterile Nutrient Agar and other selective media to obtain pure cultures of bacteria. All pure cultures were Gram-stained and immediately tested by different biochemical tests which catalase and oxidase, Indole, methyl red test, Citrate test, sugar fermentation etc for identification of the bacterial isolates They were then stocked by sterilizing peptone water broth, into which a loopful of the aliquot was inoculated and incubated. This served as a stock culture for further tests.  
 Determination of Physiochemical Parameters 
The physicochemical parameters of the stored beetroot samples were evaluated using standard analytical methods.
 pH Measurement
The pH of the Beta vulgaris samples was determined by blending 10 g of each sample with 50 mL of distilled water. The mixture was stirred thoroughly and filtered to obtain a clear solution. The pH was then measured using a digital pH meter (Hanna Instruments HI 2211 pH/ORP Meter), which was calibrated with standard buffer solutions before use. Measurements were taken at room temperature, and the pH values were recorded to assess the acidity changes under different storage conditions.  


 Moisture Content Determination
Moisture content was analyzed using the oven-drying method. 5 g of each beetroot sample was accurately weighed using a digital analytical balance (OHAUS Pioneer PX Precision Balance) and placed in a hot air oven (Memmert UN110) set at 105°C. The samples were dried until a constant weight was achieved, and the moisture content was calculated as a percentage of the initial weight.  
Determination of Sensory Qualities 
The sensory qualities of the stored Beta vulgaris samples were evaluated through a sensory assessment conducted by a trained panel. The assessment focused on attributes such as color, texture, taste, aroma, and overall acceptability. Panelists rated these attributes using a structured hedonic scale, typically ranging from 1 (dislike extremely) to 9 (like extremely). The evaluation was conducted under controlled conditions to minimize bias, ensuring consistent lighting, temperature, and presentation. Data collected from the panelists were analyzed statistically to determine the impact of different storage conditions on the sensory characteristics of the beetroot samples.
RESULTS AND DISCUSSION
Total Heterotrophic Bacteria, Staphylococcus aureus, Total Coliform, And Total Fungi Counts of Beetroot on the First Day of Preservation.
The total heterotrophic bacteria, Staphylococcus aureus, total coliform, and total fungi counts of beetroot on the first day of preservative application at different dilution factors. The total heterotrophic bacteria count was 9.6 × 10³ CFU/g at 10⁻² and 4.05 × 10⁴ CFU/g at 10⁻³, with a mean of 2.51 × 10⁴ CFU/g. Staphylococcus aureus count was 3.0 × 10¹ CFU/g at 10⁻¹, with no growth observed at 10⁻². The total coliform count was 2.75 × 10² CFU/g at 10⁻¹ and 6.0 × 10² CFU/g at 10⁻², with a mean of 4.38 × 10² CFU/g. The total fungi count was 2.0 × 10¹ CFU/ml at 10⁻¹ and 1.0 × 10² CFU/g at 10⁻², with a mean of 6.0 × 10¹ CFU/g. Overall, microbial growth was generally low on the first day, with total heterotrophic bacteria showing the highest count and Staphylococcus aureus the lowest.

Figure 1: Total Heterotrophic Bacteria, Staphylococcus aureus, Total Coliform, And Total Fungi Counts of Beetroot on the First Day
 Total Staphylococcus aureus of Beetroot Stored at Different Conditions in Day 3
The Staphylococcus aureus counts of beetroot stored under different storage methods and temperature conditions at various dilution factors on day 3. For open storage, ambient temperature recorded 1.8 × 10³ CFU/g at 10⁻¹ and 2.5 × 10³ CFU/g at 10⁻², giving a mean count of 2.15 × 10³ CFU/g, while refrigeration reduced the count to 8.0 × 10² CFU/g at 10⁻¹. In Ziplock storage, ambient temperature showed 4.0 × 10⁴ CFU/g at 10⁻¹, while refrigeration yielded 2.5 × 10³ CFU/g at 10⁻¹ and 2.3 × 10⁴ CFU/g at 10⁻³, with a mean of 1.28 × 10⁴ CFU/g. Paper bag storage under ambient conditions recorded 2.5 × 10³ CFU/g at 10⁻¹, while refrigeration reduced the count to 3.5 × 10² CFU/g at 10⁻¹ and 5.0 × 10² CFU/g at 10⁻³, giving a mean of 4.25 × 10² CFU/g. Staphylococcus aureus counts were highest in Ziplock storage at ambient temperature and lowest in refrigerated paper bag storage.

Figure 2: Total Staphylococcus aureus Count of Beetroot Stored at Different Conditions in Day 3
Total Coliform Counts of Beetroot Under Different Storage Conditions on Day 3
The total coliform counts of beetroot under different storage methods and temperature conditions on day 3. For open storage, ambient temperature recorded 7.5 × 10⁴ CFU/g at 10⁻³ and 1.4 × 10⁵ CFU/g at 10⁻⁴ with a mean of 1.08 × 10⁵ CFU/g, while refrigeration reduced counts to 4.5 × 10³ CFU/g at 10⁻² and 2.1 × 10⁴ CFU/g at 10⁻³, giving a mean of 1.28 × 10⁴ CFU/g. In Ziplock storage, ambient conditions showed 2.5 × 10⁴ CFU/g at 10⁻⁴ and 3.8 × 10⁵ CFU/g at 10⁻³, giving a mean of 2.03 × 10⁵ CFU/g, whereas refrigeration recorded 1.8 × 10⁴ CFU/g at 10⁻². Paper bag storage under ambient temperature showed 5.1 × 10⁴ CFU/g at 10⁻³ and 2.3 × 10⁵ CFU/g at 10⁻⁴, with a mean of 1.41 × 10⁵ CFU/g, while refrigeration gave 1.57 × 10⁴ CFU/g at 10⁻². Total coliform counts were highest in Ziplock storage under ambient conditions and lowest in refrigerated open storage

Figure 3: Total Coliform Count of Beetroot Stored At Different Conditions in Day 3
Total Heterotrophic Bacterial Counts of Beetroot Stored Under Different Storage Conditions on Day 3
The total heterotrophic bacterial counts of beetroot stored under different storage methods and temperature conditions on day 3. For open storage, ambient temperature recorded 7.5 × 10⁴ CFU/g at 10⁻³ and 1.4 × 10⁵ CFU/g at 10⁻⁴ with a mean of 1.08 × 10⁵ CFU/g, while refrigeration lowered the counts to 4.5 × 10³ CFU/g at 10⁻² and 2.1 × 10⁴ CFU/g at 10⁻³, giving a mean of 1.28 × 10⁴ CFU/g. In Ziplock storage, ambient conditions showed 2.2 × 10⁶ CFU/g at 10⁻⁴, while refrigeration recorded 3.8 × 10⁵ CFU/g at 10⁻². Paper bag storage under ambient temperature gave 8.0 × 10⁵ CFU/g at 10⁻³, whereas refrigeration reduced the count to 8.0 × 10⁴ CFU/g at 10⁻¹. Total heterotrophic bacteria counts were highest in Ziplock storage under ambient conditions and lowest in refrigerated paper bag storage
Figure 4: Total Heterotrophic bacteria Count of Beetroot Stored At Different Conditions in Day 3
Total Heterotrophic Fungi Counts of Beetroot Stored Under Different Storage Conditions on Day 3.
The total heterotrophic fungi counts of beetroot stored under different storage methods and temperature conditions on day 3. For open storage, ambient temperature recorded 7.0 × 10¹ CFU/g at 10⁻¹ and 1.4 × 10² CFU/g at 10⁻², with a mean of 1.1 × 10² CFU/g, while refrigeration yielded 6.0 × 10² CFU/g at 10⁻¹ and 3.0 × 10² CFU/g at 10⁻², with a mean of 1.8 × 10² CFU/g. In Ziplock storage, ambient temperature gave 1.5 × 10³ CFU/g at 10⁻¹ and 1.0 × 10⁴ CFU/g at 10⁻², with a mean of 5.75 × 10³ CFU/g, while refrigeration recorded 4.0 × 10¹ CFU/g at 10⁻¹ and 1.0 × 10³ CFU/g at 10⁻², with a mean of 5.2 × 10² CFU/g. Paper bag storage under ambient conditions gave 3.0 × 10³ CFU/g at 10⁻¹ and 2.0 × 10⁴ CFU/g at 10⁻², with a mean of 1.15 × 10⁴ CFU/g, while refrigeration reduced the counts to 5.5 × 10¹ CFU/g at 10⁻¹ and 1.5 × 10³ CFU/g at 10⁻², with a mean of 7.8 × 10² CFU/g. Heterotrophic fungi counts were highest in paper bag storage under ambient temperature and lowest under refrigerated conditions.
[bookmark: _Hlk212895311]Figure 5: Total Heterotrophic Fungi Count of Beetroot Stored at Different Conditions in Day 3
Total Heterotrophic Bacteria Count of Beetroot Stored at Different Storage Conditions on  Day 5
The total heterotrophic bacteria count of beetroot stored under different conditions on Day 5. The total heterotrophic bacteria count of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient temperature recorded 3.6 × 10⁶ CFU/g at 10⁻² dilution and 9.0 × 10⁵ CFU/g at 10⁻⁴ with a mean of 2.25 × 10⁶ CFU/g, while refrigeration reduced the counts to 3.83 × 10² CFU/g at 10⁻² and 1.1 × 10⁵ CFU/g at 10⁻³ with a mean of 2.47 × 10⁵ CFU/g. In Ziplock storage, ambient conditions showed 3.83 × 10⁴ CFU/g at 10⁻⁴, with counts too numerous to count (TNTC) at 10⁻³ and a mean of 3.83 × 10⁴ CFU/g, while refrigerated samples recorded TNTC at both 10⁻² and 10⁻³. Paper bag storage under ambient conditions gave 8.0 × 10⁵ CFU/g at 10⁻³ and TNTC at 10⁻⁴ with a mean of 8.0 × 10⁵ CFU/g, whereas refrigerated samples were TNTC at 10⁻². Bacterial counts were highest under ambient storage and lowest under refrigeration, though some containers like Ziplock and paper bags showed TNTC in certain conditions.

Figure .6: Total Heterotrophic Bacteria Count of Beetroot Stored At Different Conditions on Day 5
[bookmark: _Hlk212895352]Total Coliform Counts of Beetroot Under Different Storage Conditions in Day 5
The total coliform counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient temperature recorded 2.9 × 10⁵ CFU/g at 10⁻⁴ and 9.5 × 10³ CFU/g at 10⁻³ with a mean of 1.48 × 10⁵ CFU/g, while refrigeration reduced counts to 1.01 × 10⁴ CFU/g at 10⁻² and 9.0 × 10³ CFU/g at 10⁻³ with a mean of 9.55 × 10³ CFU/g. In Ziplock storage, ambient conditions showed 3.0 × 10⁴ CFU/g at 10⁻³ and TNTC at 10⁻⁴ with a mean of 3.0 × 10⁴ CFU/g, whereas refrigerated samples recorded 1.8 × 10⁴ CFU/g at 10⁻² and 1.0 × 10³ CFU/g at 10⁻¹ with a mean of 9.5 × 10³ CFU/ml. Paper bag storage under ambient conditions gave 1.53 × 10⁴ CFU/g at 10⁻³ and 1.0 × 10⁴ CFU/g at 10⁻⁴ with a mean of 1.26 × 10⁴ CFU/g, while refrigeration lowered counts to 1.0 × 10² CFU/g at 10⁻¹ and 3.14 × 10² CFU/g at 10⁻² with a mean of 2.07 × 10² CFU/g. Total coliform counts were highest in open storage at ambient temperature and lowest under refrigeration, with some high counts observed in Ziplock and paper bag containers.

Figure 7: Total Coliform Counts of Beetroot Stored at Different Conditions on day 5
[bookmark: _Hlk212895367] Staphylococcus aureus Counts of Beetroot Under Different Storage  Conditions on Day 5.
The Staphylococcus aureus counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient temperature recorded 1.8 × 10³ CFU/g at 10⁻¹ and 8.0 × 10³ CFU/g at 10⁻² with a mean of 4.9 × 10³ CFU/g, while refrigeration lowered counts to 1.01 × 10³ CFU/g at 10⁻¹ and 9.5 × 10² CFU/g at 10⁻² with a mean of 9.8 × 10² CFU/g. In Ziplock storage, ambient conditions gave 2.3 × 10⁴ CFU/g at 10⁻¹ and 4.0 × 10³ CFU/g at 10⁻³ with a mean of 1.35 × 10⁴ CFU/g, whereas refrigerated samples showed 2.5 × 10² CFU/g at 10⁻¹ and 1.0 × 10³ CFU/g at 10⁻³ with a mean of 6.25 × 10² CFU/g. Paper bag storage under ambient conditions recorded 5.0 × 10⁴ CFU/g at 10⁻¹ and 2.0 × 10³ CFU/g at 10⁻³ with a mean of 2.62 × 10⁴ CFU/g, while refrigeration lowered counts to 3.5 × 10² CFU/g at 10⁻¹ and 2.5 × 10³ CFU/g at 10⁻³ with a mean of 1.42 × 10³ CFU/g. Staphylococcus aureus counts were highest in paper bag storage at ambient temperature and lowest under refrigeration, with Ziplock and open storage showing moderate counts.

[bookmark: _Hlk212895389]Figure.8: Total Staphylococcus aureus of Beetroot Stored at Different Conditions on Day 5
Total Heterotrophic Fungi of Beetroot Stored at Different Conditions on Day 5
The total heterotrophic fungi count of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient temperature recorded 9.5 × 10¹ CFU/g at 10⁻¹ and 6.0 × 10² CFU/g at 10⁻² with a mean of 3.48 × 10² CFU/g, while refrigeration recorded 8.01 × 10¹ CFU/g at 10⁻¹ and 3.0 × 10² CFU/g at 10⁻² with a mean of 1.9 × 10² CFU/g. In Ziplock storage, ambient conditions showed 2.05 × 10² CFU/g at 10⁻¹ and 3.0 × 10² CFU/g at 10⁻² with a mean of 2.6 × 10² CFU/g, while refrigeration gave 6.5 × 10¹ CFU/g at 10⁻¹ and 1.0 × 10² CFU/g at 10⁻³ with a mean of 8.25 × 10¹ CFU/g. Paper bag storage under ambient conditions recorded 1.25 × 10² CFU/g at 10⁻¹ and 7.0 × 10² CFU/g  at 10⁻² with a mean of 4.13 × 10² CFU/g, whereas refrigeration reduced counts to 9.0 × 10¹ CFU/g at 10⁻¹ and 4.0 × 10² CFU/g at 10⁻² with a mean of 2.45 × 10² CFU/g. Total heterotrophic fungi counts were highest in paper bag storage at ambient temperature and lowest under refrigeration, showing that fungal proliferation was suppressed by cold storage across all packaging methods.


[bookmark: _Hlk212895408]Figure 9: Total Heterotrophic Fungi of Beetroot Stored At Different Conditions on Day 5
 Total Heterotrophic Bacteria Count of Beetroot Stored at Different Conditions on Day 7
The total heterotrophic bacteria counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient conditions recorded 1.27 × 10⁶ CFU/g at 10⁻⁴ and 1.52 × 10⁷ CFU/g at 10⁻⁵ with a mean of 8.24 × 10⁶ CFU/g, while refrigeration lowered counts to 1.9 × 10⁴ CFU/g at 10⁻³ and 2.5 × 10⁵ CFU/g at 10⁻⁴ with a mean of 1.34 × 10⁵ CFU/g. Ziplock storage under ambient conditions showed 2.65 × 10⁵ CFU/g at 10⁻⁴ and 7.6 × 10⁶ CFU/g at 10⁻⁵ with a mean of 3.93 × 10⁶ CFU/g, whereas refrigeration reduced counts to 2.8 × 10⁴ CFU/g at 10⁻⁴ and 1.79 × 10⁴ CFU/g at 10⁻³ with a mean of 2.95 × 10⁴ CFU/g. Paper bag storage at ambient temperature recorded 9.5 × 10⁴ CFU/g at 10⁻⁴ and 5.0 × 10⁵ CFU/g at 10⁻⁵ with a mean of 2.98 × 10⁵ CFU/g, while refrigeration resulted in 7.75 × 10³ CFU/g at 10⁻¹ and 4.2 × 10⁴ CFU/g at 10⁻² with a mean of 2.49 × 10⁴ CFU/g. Total heterotrophic bacteria counts were highest in open storage at ambient temperature and lowest under refrigeration across all storage methods.


Figure 10: Total Heterotrophic Bacteria Count of Beetroot Stored At Different Conditions on Day 7
[bookmark: _Hlk212895428] Staphylococcus aureus Counts of Beetroot Under Different Storage Conditions  on Day 7
The Staphylococcus aureus counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient conditions recorded TNTC at 10⁻¹ and 2.48 × 10⁴ CFU/g at 10⁻² with a mean of 2.48 × 10⁴ CFU/g, while refrigeration reduced counts to 4.7 × 10² CFU/g at 10⁻¹ and 1.9 × 10⁴ CFU/g at 10⁻² with a mean of 9.74 × 10³ CFU/g. Ziplock storage under ambient temperature showed 2.65 × 10⁵ CFU/g at 10⁻² and 7.6 × 10⁶ CFU/g at 10⁻³ with a mean of 3.92 × 10⁶ CFU/g, whereas refrigeration had 2.1 × 10⁴ CFU/g at 10⁻⁴ and 1.79 × 10⁴ CFU/g at 10⁻³ with a mean of 1.95 × 10⁴ CFU/g. Paper bag storage recorded 3.45 × 10³ CFU/g at 10⁻² and 3.6 × 10² CFU/g at 10⁻¹ under ambient conditions with a mean of 1.91 × 10³ CFU/g, while refrigeration showed 2.95 × 10³ CFU/g at 10⁻² and 3.68 × 10² CFU/g at 10⁻¹ with a mean of 1.66 × 10³ CFU/g. Staphylococcus aureus counts were highest in Ziplock storage at ambient temperature and lowest in paper bag and refrigerated conditions.

Figure 11: Total Staphylococcus aureus of Beetroot Stored at Different Conditions on Day 7
[bookmark: _Hlk212895448]Total Coliform Counts of Beetroot Under Different Storage  Conditions on Day 7
[bookmark: _Hlk212789309]The total coliform counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient conditions recorded 8.0 × 10⁵ CFU/g at 10⁻⁴ and 1.85 × 10⁵ CFU/g at 10⁻³ with a mean of 4.93 × 10⁵ CFU/g, while refrigeration reduced counts to 1.0 × 10³ CFU/g at 10⁻³ and 1.8 × 10³ CFU/g at 10⁻² with a mean of 1.4 × 10³ CFU/g. Ziplock storage under ambient temperature showed 7.5 × 10⁴ CFU/g at 10⁻² and 7.3 × 10⁴ CFU/g at 10⁻³ with a mean of 7.4 × 10⁴ CFU/g, whereas refrigeration recorded 1.9 × 10⁴ CFU/g at 10⁻³ and 4.5 × 10³ CFU/g at 10⁻² with a mean of 1.18 × 10⁴ CFU/g. Paper bag storage recorded 1.87 × 10⁴ CFU/g at 10⁻² and 3.47 × 10⁴ CFU/g at 10⁻³ under ambient conditions with a mean of 2.67 × 10⁴ CFU/g, while refrigeration showed 3.29 × 10⁴ CFU/g at 10⁻² and 1.1 × 10⁴ CFU/g at 10⁻³ with a mean of 2.19 × 10⁴ CFU/g. Total coliform counts were highest in open storage at ambient temperature and lowest in refrigerated open storage.

Figure12: Total Coliform Counts of Beetroot Stored At Different Conditions on Day 7
[bookmark: _Hlk212895479] Total Heterotrophic Fungi Counts of Beetroot Under Different  Storage Conditions on Day 7
The total heterotrophic fungi counts of beetroot under different storage methods and temperature conditions at various dilution factors. For open storage, ambient temperature recorded 2.3 × 10² CFU/g at 10⁻¹ and 1.4 × 10³ CFU/g at 10⁻² with a mean of 8.15 × 10² CFU/g, while refrigeration gave 2.1 × 10² CFU/g at 10⁻¹ and 5.0 × 10² CFU/g at 10⁻² with a mean of 3.55 × 10² CFU/g. In Ziplock storage, ambient temperature recorded 1.8 × 10² CFU/g at 10⁻² and 1.15 × 10³ CFU/g at 10⁻¹ with a mean of 6.65 × 10² CFU/g, while refrigeration gave 9.5 × 10¹ CFU/g at 10⁻² and 2.0 × 10² CFU/g at 10⁻¹ with a mean of 6.7 × 10² CFU/g. Paper bag storage under ambient conditions recorded 2.65 × 10² CFU/g at 10⁻¹ and 8.0 × 10² CFU/g at 10⁻² with a mean of 5.3 × 10² CFU/g, whereas refrigeration showed 1.7 × 10¹ CFU/g at 10⁻¹ and 5.5 × 10² CFU/g at 10⁻² with a mean of 3.6 × 10² CFU/ml. Total heterotrophic fungi counts were highest in open storage under ambient temperature and lowest under refrigeration, showing that refrigeration effectively reduced fungal growth in beetroot across all storage methods.

[bookmark: _Hlk212895496]Figure 13: Total Heterotrophic Fungi of Beetroot Stored At Different Conditions on Day 7
Total Heterotrophic Bacteria Count of Beetroot Stored at Different  Storage Conditions in Day 9
The total heterotrophic bacteria counts of beetroot stored under different storage methods and temperature conditions on Day 9. In open storage, ambient conditions recorded 2.0 × 10⁵ CFU/g at 10⁻⁴ and 2.51 × 10⁷ CFU/g at 10⁻⁵ with a mean of 1.27 × 10⁷ CFU/g, while refrigeration reduced the bacterial load to 1.95 × 10⁵ CFU/g at 10⁻⁴ and 1.5 × 10⁵ CFU/g at 10⁻⁵ with a mean of 1.73 × 10⁵ CFU/g. Ziplock storage under ambient temperature showed 4.05 × 10⁵ CFU/g at 10⁻⁴ and 8.0 × 10⁵ CFU/g at 10⁻⁵ with a mean of 6.02 × 10⁵ CFU/g, whereas refrigeration lowered counts to 2.5 × 10⁴ CFU/g at 10⁻⁴ and 7.0 × 10⁵ CFU/g at 10⁻⁵ with a mean of 3.63 × 10⁵ CFU/g. Paper bag storage under ambient temperature recorded 3.41 × 10⁵ CFU/g at 10⁻⁴ and 3.0 × 10⁵ CFU/g at 10⁻⁵ with a mean of 3.20 × 10⁵ CFU/g, while refrigeration maintained a constant count of 1.5 × 10⁵ CFU/g across both dilution factors. The highest bacterial load was observed in open storage under ambient temperature, while the lowest was in refrigerated samples, confirming the inhibitory effect of cold storage on bacterial proliferation.

Figure 14: Total Heterotrophic Bacteria Count of Beetroot Stored At Different Conditions on Day 9
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The total coliform counts of beetroot stored under different methods and temperature conditions on Day 9. Open storage under ambient conditions recorded 3.0 × 10⁴ CFU/g at 10⁻⁴ and 4.7 × 10⁴ CFU/g at 10⁻³ with a mean of 3.85 × 10⁴ CFU/g, while refrigeration decreased counts to 1.5 × 10³ CFU/g at 10⁻² and 4.2 × 10³ CFU/g at 10⁻³ with a mean of 2.85 × 10³ CFU/g. Ziplock storage under ambient temperature showed higher counts of 5.3 × 10⁵ CFU/g at 10⁻⁴ and 8.7 × 10⁴ CFU/g at 10⁻³ with a mean of 3.09 × 10⁵ CFU/g, whereas refrigeration reduced counts to 1.4 × 10⁴ CFU/g at 10⁻⁴ and 3.5 × 10⁴ CFU/g at 10⁻³ with a mean of 2.45 × 10⁴ CFU/g. Paper bag storage under ambient conditions recorded 7.0 × 10⁴ CFU/g at 10⁻⁴ and 1.5 × 10⁴ CFU/g at 10⁻³ with a mean of 4.25 × 10⁴ CFU/ml, while refrigeration decreased the counts to 3.0 × 10³ CFU/g at 10⁻⁴ and 9.0 × 10³ CFU/g at 10⁻³ with a mean of 6.0 × 10³ CFU/g. The highest coliform counts occurred in Ziplock storage under ambient temperature, while the lowest occurred in refrigerated open storage, indicating that lower temperature limited coliform growth.
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Total Staphylococcus aureus Counts of Beetroot Stored Under Different  Storage Conditions On Day 9
The total Staphylococcus aureus counts of beetroot stored under different methods and temperature conditions on Day 9. Open storage under ambient conditions recorded 5.0 × 10² CFU/g at 10⁻¹ and 4.0 × 10² CFU/g at 10⁻² with a mean of 4.5 × 10² CFU/g, while refrigeration resulted in 1.94 × 10² CFU/g at 10⁻⁴ and 7.1 × 10² CFU/g at 10⁻⁵ with a mean of 4.52 × 10² CFU/g. Ziplock storage under ambient conditions showed no growth at 10⁻² but 9.8 × 10² CFU/g at 10⁻¹ with a mean of 4.9 × 10² CFU/g, while refrigerated Ziplock samples showed no growth at either dilution factor. Paper bag storage under ambient conditions recorded 8.6 × 10³ CFU/g at 10⁻² and 4.5 × 10² CFU/g at 10⁻¹ with a mean of 4.52 × 10³ CFU/g, whereas refrigeration decreased counts to 6.2 × 10³ CFU/g at 10⁻³ and 1.76 × 10³ CFU/g at 10⁻⁴ with a mean of 3.98 × 10³ CFU/g. The highest Staphylococcus aureus count occurred in paper bag storage under ambient temperature, while refrigerated Ziplock samples showed no growth, indicating that both storage material and temperature significantly affected bacterial survival.

Figure 16: Total Staphylococcus aureus Count of Beetroot Stored At Different Conditions on Day 9
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The total fungi counts of beetroot stored under different methods and temperature conditions on Day 9. Open storage at ambient temperature recorded 3.05 × 10² CFU/g at 10⁻¹ and 5.5 × 10² CFU/g at 10⁻² with a mean of 4.3 × 10² CFU/g, while refrigeration reduced fungal load to 2.35 × 10¹ CFU/g at 10⁻¹ and 5.0 × 10² CFU/g at 10⁻² with a mean of 3.7 × 10² CFU/g. Ziplock storage under ambient temperature showed TNTC at 10⁻² and 8.5 × 10² CFU/g at 10⁻⁴ with a mean of 8.5 × 10² CFU/g, while refrigeration reduced growth to 2.0 × 10² CFU/g at 10⁻¹ and 1.0 × 10¹ CFU/g at 10⁻² with a mean of 1.05 × 10² CFU/g. Paper bag storage under ambient conditions recorded TNTC at 10⁻² and 3.2 × 10² CFU/g at 10⁻¹ with a mean of 3.2 × 10² CFU/g, while refrigeration showed 1.6 × 10¹ CFU/g at 10⁻¹ and 6.0 × 10² CFU/g at 10⁻² with a mean of 3.8 × 10² CFU/g. The highest fungal count occurred in Ziplock storage under ambient temperature, while the lowest was recorded under refrigeration, confirming that cold storage effectively suppressed fungal proliferation in beetroot.

Figure 17: Total Fungi Count of Beetroot Stored At Different Conditions on  Day 9
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Table 1 shows the frequency and percentage occurrence of bacteria isolated from beetroot under different storage conditions. Pseudomonas spp. had the highest occurrence at 18.2%, followed by Escherichia coli (16.4%) and Staphylococcus sp. (12.7%). Proteus vulgaris accounted for 10.9%, Proteus mirabilis and Klebsiella spp. each had 7.3%, while Bacillus subtilis and Listeria monocytogenes each contributed 5.5%. Micrococcus luteus and Enterobacter aerogenes each recorded 3.6%, and Staphylococcus epidermidis, Corynebacterium spp., and Bacillus cereus had the lowest occurrence at 1.8% each. The total frequency of isolates was 55, corresponding to 100% occurrence.
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Figure 18: Percentage Occurrence of Bacteria Isolated from Beetroot Stored in Ziplock, Paper Bag, and Open Storage under Ambient and Refrigerated Temperature
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Figure 19  shows the frequency and percentage occurrence of fungi isolated from beetroot under different storage conditions. Rhizopus spp. had the highest occurrence (27.3%), followed by Mucor spp. (22.7%) and Penicillium spp. (18.2%). Fusarium spp. accounted for 13.6%, while Alternaria spp. and Candida spp. each recorded 9.1%. A total of 22 fungal isolates were identified, representing 100% occurrence.
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Figure 19: Percentage Occurrence of Fungi Isolated from Beetroot Stored in Ziplock, Paper       Bag, and Open Storage under Ambient and Refrigerated Temperature
                                   Sensory Qualities of Stored Beetroot
The table 1 presents the sensory qualities of stored beetroot evaluated over a 7-day period under different storage conditions (Paper bag, ziplock, and open storage). On day 0, all samples displayed bright reddish-purple colour, firm texture, naturally sweet taste, and a fresh beetroot scent, indicating good initial quality. On day 3 the beetroot samples in bags were bright, firm, pleasant smelling whereas those stored in ziplock bags began to look slightly faded, a bit softer in texture, less sweet. The openly stored samples began to fade in color, became soft and watery with a slight sour aftertaste and sour smell, indication of its early degradation.
On day 5, the bag samples had started to fade in color and softness, however they were slightly sweet and produced a sour smell. The ziplock stored samples became faded in color, soft, less sweet and had developed an fermented odor. Open storage sample samples had developed into brown-red color, very soft and watery, with a sour smell with slight bitter aftertaste.On day 7 all samples showed further signs of degradation. The paper bag sample samples were a dark reddish brown, soft, mushy and the taste was flat and smell stalely. The ziplock samples had turned to a dark red with brown patches, they were soft and sticky, the taste unpleasant and had started to get fermented.Openly stored samples were completely unattractive with brown, dull, and slimy appearance, bitter taste, and offensive smell, indicating advanced spoilage. Overall, beetroots stored in bags retained better sensory quality for a longer period compared to those in ziplock or open storage conditions.
	Day
	Storage
	Colour
	Texture
	Taste
	Aroma
	Overall Acceptability

	0
	All
	9
	9
	9
	9
	9.00

	3
	Paper bag
	8
	8
	8
	8
	8.00

	3
	Ziplock
	7
	7
	6
	6
	6.50

	3
	Open
	6
	6
	5
	5
	5.50

	5
	Paper bag
	6
	6
	6
	5
	5.75

	5
	Ziplock
	5
	5
	4
	4
	4.50

	5
	Open
	4
	4
	3
	3
	3.50

	7
	Paper bag
	4
	4
	4
	4
	4.00

	7
	Ziplock
	3
	3
	3
	3
	3.00

	7
	Open
	2
	2
	2
	1
	1.75


Table 1:  Sensory Qualities of Stored Beetroot
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Figure 20: Changes in overall acceptability of beetroot stored in paper bag, ziplock, and open storage conditions over seven days. Overall acceptability was calculated as the mean of colour, texture, taste, and aroma scores using a 9-point hedonic scale.  Blue line → Paper bag storage Orange line → Ziplock storage   Green line → Open storage
Table 2- pH of Beetroot Stored in Different Packaging Materials at Ambient and Refrigerated Temperatures (Days 3–9)






	Storage Method
	Day 3 Ambient
	Day 3 Refrigerated
	Day 5 Ambient
	Day 5 Refrigerated
	Day 7 Ambient
	Day 7 Refrigerated
	Day 9 Ambient
	Day 9 Refrigerated

	Open Storage
	5.95
	5.90
	5.90
	5.97
	5.95
	6.20
	6.38
	6.32

	Ziplock
	6.05
	5.97
	5.96
	6.02
	5.98
	6.18
	6.35
	6.30

	Paper Bag
	6.00
	5.92
	5.85
	5.92
	6.00
	6.24
	6.36                 
	6.31


Table 3: Moisture Content (%) of Beetroot Stored in Different Packaging Materials at Ambient and Refrigerated Temperatures (Days 3–9)
	Storage Method
	Day 3 Ambient (%)
	Day 3 Refrigerated (%)
	Day 5 Ambient (%)
	Day 5 Refrigerated (%)
	Day 7 Ambient (%)
	Day 7 Refrigerated (%)
	Day 9 Ambient (%)
	Day 9 Refrigerated (%)

	Open Storage
	75.0
	79.0
	47.9
	50.8
	53.9
	60.5
	47.5
	50.0

	Ziplock
	80.0
	82.0
	75.0
	80.0
	69.0
	76.2
	64.8
	72.0

	Paper Bag
	78.0
	81.0
	71.0
	76.0
	63.8
	70.5
	58.0
	65.3



                                            DISCUSSION
Post-harvest losses of Beta vulgaris due to microbial spoilage, chemical changes, and reduced sensory quality pose significant challenges for storage and consumption. This study was therefore aimed at assessing the microbiological, physicochemical, and sensory qualities of Beta vulgaris under various storage conditions and packaging materials. The results of this study clearly demonstrate that storage conditions, packaging materials, and storage duration profoundly influence the microbial ecology and shelf stability of beetroot, with notable differences observed between ambient and refrigerated environments, as well as among open, Ziplock, and paper bag storage methods.
The findings of this research showed a consistent growth rate of microorganisms in the beetroot samples throughout the storage time, which depended on the various conditions of storage, temperature and package types. As Figure 1 reveals, the low microorganism counts detected in beetroot on the first day is in agreement with the results of many other researchers who reported low microorganism count of fresh vegetables or vegetables after few processing stages [19].
Total heterotrophic bacteria are frequently reported as the dominant microbial group in fresh root vegetables due to their natural exposure to soil microflora [20] . Staphylococcus aureus is usually present at very low levels in fresh produce unless poor hygienic handling occurs. The absence of growth at higher dilutions further suggests good handling practices during harvesting and processing [21] Similarly, the coliform counts recorded in this study fall within acceptable microbiological limits for fresh vegetables, where low coliform levels were attributed to adequate washing and clean water sources [22] . The minimal fungal counts recorded also align with earlier findings that fungal populations in vegetables are typically low at the early stages of storage and increase with extended storage time and favourable environmental conditions [23] . Overall, the microbial quality of the beetroot samples on the first day indicates that the samples were microbiologically safe at the point of analysis, and any subsequent increase in microbial load would likely be influenced by storage duration, packaging materials, and storage conditions, as documented in existing literature [24]  .
The microbial loads of beetroot on Day 3 varied significantly depending on storage method and temperature, as illustrated in Figures 2, 3, 4, and 5. Ambient storage promoted microbial proliferation, while refrigeration effectively suppressed growth across all microbial groups, a pattern previously reported in studies of fresh produce storage [25] [26]. Total Staphylococcus aureus counts were highest in Ziplock storage at ambient temperature (4.0 × 10⁴ CFU/g) and lowest in refrigerated paper bag storage (mean 4.25 × 10² CFU/g). 
In all storage systems refrigeration reduced   S. aureus significantly. Total coliforms were favored by ambient temperature, with the highest level in Ziplock (2.03x105 CFU/g) which far exceed level of total coliform at ambient storage when used with open storage (1.28x104 CFU/g) and paper bag (1.57x104 CFU/g) indicated refrigeration reduces feacal contamination. Highest level for total heterotrophic bacteria (THB) was Ziplock package with ambient storage (2.2x10 4CFU/g) while the lowest count was for paper bag refrigerated package (8.0x104 CFU/g), which showed package and storage temperature plays a role on bacterial proliferation.
Total heterotrophic fungi were highest under ambient storage, particularly in paper bags (mean 1.15 × 10⁴ CFU/g), while refrigeration suppressed fungal growth (mean 7.8 × 10² CFU/g in paper bags). These observations support earlier studies showing that low-temperature storage delays microbial growth in vegetables [27] 
On Day 5, microbial loads increased across all storage conditions, with ambient temperature storage consistently supporting higher microbial proliferation than refrigeration, irrespective of packaging type.
From Figures 6-9, counts for THB were highest in open storage at ambient condition (mean: 2.25 x 105 CFU/g) followed by paper bag storage at ambient condition (8.0 x 105 CFU/g). It can be noted that storage at cold condition dramatically reduced the numbers of microbes but counts for too numerous to count (TNTC) are found on both Ziplock and paper bag storage at cold condition that maybe indicate the moist retention and absence of gas exchange within some packaging might support microbial growth even in cold condition. For the coliform count, open storage at ambient condition showed highest count (1.48 x 105 CFU/g) that was caused by possible environmental contamination and poor hygienic hand ling. Lowest coliform count (2.07 x 105 CFU/g) is founded at cold condition for both paper bag and Ziplock storage that still within safety value for fresh produce and also indicate that both of packaging did reduce Coliform number as it mention by reference [23], but coliform counts in the ambient condition paper bag storage and Ziplock storage were high enough indicate that packaging is not useful at all in ambient condition. For Staphylococus aureus count, count is the highest at ambient condition on paper bag storage (2.62 x 105 CFU/g) exceed 10CFU/g recommended safety value and suggest that it came from handling or storage condition. The Staphylococus aureus count is reduced to much extent at cold condition at all storage condition. The lowest count of S. aureus is at refrigerated Ziplock storage (6.25 x 104 CFU/g) and demonstrate that low temperature storage is useful to keep the count of Staphylococus aureus low for pathogen related human. Fungus count generally lower than bacteria but followed same trend and same reason, paper bag storage at ambient condition had the highest fungus counts (4.13 x 105 CFU/g) and lowest count in refrigerated Ziplock storage (8.25 x 103 CFU/ml). Therefore, it proves that low temperature could suppress fungus growth in metabolism and spores germinating, delaying spoil age.
At day 7, number of microbial population in all beetroot storage increased significantly at compared with initial counts, and the factor that affect much more than packaging is the temperature. From Figures 10-13, THB count in open storage at ambient condition showed highest number (mean: 8.24x106 CFU/g), followed by Ziplock storage at ambient condition (3.93 x106 CFU/g), while paper bag at ambient condition was lower than both of them (2.98 x106 CFU/g). Refrigerated storage reduced the numbers of THB dramatically in every single condition. Lowest count for THB recorded was around 2.5-3.0x105 CFU/g at the same condition of paper bag storage and Ziplock storage, thus ambient condition favors bacterial growth at a higher rate compared to the refrigeration condition. S. Aureus count was significantly high at Ziplock storage under ambient condition (mean: 3.92 x105 CFU/g), which indicate extreme contamination and could be caused by handling factor and a sealed package itself supported its growth rate. At open storage under ambient condition, count is still high (2.48 x105 CFU/g) while at ambient paper bag storage it is the lowest (1.66x105 CFU/g), and this value for paper bag storage is lower than refrigerated storage for other treatments except refrigerated open storage. Most ambient storage samples showed higher counts than the refrigerated ones. Counts for coliform at ambient open storage was the highest (4.93 x105 CFU/g) that indicates the extremely poor hygiene quality and likely caused by fecal and environmental contamination, refrigerated storage for open storage dropped dramatically at 1.4 x105 CFU/g for all other treatments. The values of coliform were also not satisfactory at Ziplock and paper bag storage at ambient condition..Fungal counts were generally lower than bacterial counts but increased with storage duration. Open storage under ambient temperature recorded the highest fungal load (8.15 × 10² CFU/g), while refrigeration reduced fungal counts across all packaging materials. The lowest fungal counts were observed in paper bag storage under refrigeration (3.6 × 10² CFU/g), confirming the inhibitory effect of low temperature on fungal metabolism and growth. These findings align with [17] , who demonstrated that refrigeration significantly limits microbial growth in fresh-cut red beets, while inappropriate packaging and ambient storage accelerate spoilage, as also reported for other fresh vegetables subject to extended ambient storage [23].
By Day 9, microbial populations in beetroot increased markedly, particularly under ambient storage conditions, indicating advanced deterioration and reduced microbiological safety, as seen in Figures 14, 15, 16, and 17. THB counts were highest in open storage (mean 1.27x107 CFU/g) and at ambient temperature in all cases. Ambient temperature Ziplock and paper bag packaging had high counts (6.02 × 10⁵ CFU/g and 3.20 × 10⁵ CFU/g, respectively). Refrigerated samples had reduced THB counts in all cases; paper bag and open storage had the lowest count under refrigeration (≈1.5–1.7 × 10⁵ CFU/g). The highest count for coliforms was found to be under Ziplock storage at ambient temperature (3.09 × 10⁵ CFU/g). This was the worst quality storage indicating low hygienic standards and contamination during post-harvest handling. High coliform counts were also found in paper bag and open storage at ambient temperature (≈3.8–4.3 × 10⁴ CFU/g).  Refrigeration samples had low counts in all cases, the highest count recorded at refrigerated storage being for open storage (2.85 × 10³ CFU/g). Most ambient storage methods were well above acceptable levels for ready to eat foods and thus would produce safe products. Counts of Staphylococcus aureus are lower than previous days but still above recommended limits (≤10³ CFU/g)  in several treatments.
The highest counts occurred in paper bag storage under ambient temperature (4.52 × 10³ CFU/g), while refrigerated Ziplock samples showed no detectable growth, highlighting the combined effect of low temperature and sealed packaging in suppressing this pathogen. Fungal growth followed a similar trend, with the highest counts in Ziplock storage under ambient temperature (8.5 × 10² CFU/g), including TNTC observations at certain dilutions. As expected, refrigerated storage had a very significant effect on reducing fungal numbers irrespective of the type of storage (1.05 × 10² CFU/g)  in refrigerated Ziplock storage was lowest). This supports the earlier observation by [17] that refrigerated storage severely inhibits the growth of fresh-cut red beetroot while ambient storage resulted in quick spoilage of fresh-cut red beetroot at room temperature with or without the packaging, similar to findings for other leafy and root vegetables (fast multiplication of bacteria and fungi by prolonged ambient storage) [28][29]
As seen in Figure 18 and  19  a total of 55 bacterial isolates were recovered. The dominant bacterial groups were Pseudomonas spp. (18.2%), Escherichia coli (16.4%), and Staphylococcus spp. (12.7%), reflecting contamination from soil, water, handling, and storage environments. The presence of Enterobacter aerogenes, Klebsiella spp., Proteus spp., Citrobacter spp., and Listeria monocytogenes further indicates poor hygienic handling and post-harvest contamination, especially under ambient and open storage conditions. Spore-forming bacteria such as Bacillus subtilis, Bacillus cereus, and Corynebacterium spp. were also detected, consistent with beetroot’s soil origin and their ability to survive adverse environmental conditions. The detection of Listeria monocytogenes (5.5%) is of public health concern, as this organism can survive refrigeration and is associated with ready-to-eat produce. A total of 22 fungal isolates were identified. Rhizopus spp. (27.3%) and Mucor spp (22.7%) followed by Penicillium spp (18.2%) and Fusarium spp (13.6%). These fungi are commonly associated with root vegetable spoilage, especially under humid and ambient storage. These contaminants indicate that post-harvest spoilage and mycotoxin production is possible if beetroot is stored inadequately.
From Table 1, on Day 0 (baseline) all beetroot samples were organoleptically excellent. Colour was bright reddish purple, texture was firm, taste was natural sweet and smell was fresh beetroot aroma (representing high quality and freshness of the fresh beetroot samples prior to storage). On Day 3, there were distinguishable differences between storage conditions. Paper bagged samples kept colour bright, texture was firm, taste was sweet and aroma was natural beetroot like (indicating minimum deterioration). Ziplock stored samples started showing some sign of deterioration, including slight dullness of red colour, slight softening, slight loss of sweetness and slight aroma change (odor of the Ziplock stored beetroot) is assumed to be the effect of retention of moisture. Open stored samples, however showed a pronounced softening of texture, slight colour fading of red and the taste became slightly sour and it had a sour odor.
By Day 5, sensory degradation of the samples became increasingly apparent. Paper bagged samples lost color brightness, showed slight softening internally, and was sweet with a sour odor; remaining somewhat acceptable. Ziplock stored beetroot exhibited a dull red color, was soft and watery, tasted slightly less sweet, and had a fermentative odor, indicating spoilage at an accelerated rate in a closed, humid environment. Open stored samples were even more pronounced showing a brown red color, and were soft and very watery with a sour to slightly bitter taste and strong sour odor.
By Day 7, all samples were largely unacceptable, though the severity of deterioration differed. Paper bag storage resulted in dark reddish-brown colour, mushy texture, bland taste, and stale but less offensive odour, indicating slower spoilage compared with other methods. Ziplock storage led to dark red colour with brown patches, soft and sticky texture, unpleasant taste, and developing fermented smell, reflecting advanced spoilage. Storage under open condition has worst quality attributes, the totally brown and dull colour, slimy texture, bitter taste, and unpleasant odor indicated that it is unfit for consumption. Among the storage methods paper bag has best sensory quality which maintains throughout storage time, especial on 3-5 days. For Ziplock storage the soften texture and odor from fermentation have appeared due to high humidity and the worst storage condition is open condition, the deterioration in texture and aroma was found to the earliest.
Increasing storage duration led to progressive loss of acceptability across all sensory attributes, with spoilage most pronounced by Day 7. This observation confirms that packaging type plays a critical role in maintaining the sensory quality of beetroot during storage, with breathable packaging offering better short-term preservation than airtight or exposed conditions. This finding agrees with studies emphasising that storage conditions and packaging materials influence microbial proliferation and diversity in fresh produce [30] [31] [32] [33] [34]. 
Overall acceptability declined progressively with storage time across all storage methods. Beetroot stored in paper bags retained higher sensory scores throughout the storage period compared to ziplock and open storage, while open storage exhibited the fastest decline in quality as seen in Figure 20
With increasing time from Day 3-9 both pH value increased and changed slowly depending on storage method and temperature. Across all conditions pH value range from slight acidic to neutral value (5.85-6.38) depending on treatments. At Day 3, pH value at ambient and refrigerator was fairly steady (5.90-6.05). PH at refrigerated condition showed a bit lower than that at ambient condition which suggest that the metabolic and microbial activity were suppressed under refrigeration condition. At Day 5, paper bag and open storage samples stored at ambient showed slight pH decrease (5.90-6.10), possibly due to acid produced by early microbial activity. From Day 7-9, a significant increasing pH trend was observed across all treatments especially at ambient temperature storage and at Day 9, highest pH value of 6.38 was measured in open stored beetroot samples. The increase in pH is typically attributed to protein degradation and generation of alkaline products, such as ammonia, as spoilage progresses ([35] [36]. Similar pH change trends of the stored cut vegetable were reported where the initial slight pH decrease due to acidic production then the pH increased during the later stage due to production of alkali by microorganisms ([35] [36].
The changes of moisture content under each storage method, temperature and duration were distinct. At Day 3, highest moisture content was observed at Ziplock stored samples (80-82%) followed by paper bag and open storage. Similarly at ambient and refrigerator stored beetroot sample, refrigerated sample always has higher moisture content than ambient stored sample. As storage time, moisture content of open stored samples dropped to minimum (around 56% to lowest) at Day 5 and followed the decrease from Day 5 to Day 9 due to direct contact with atmosphere and high rate of water loss via evaporation. Conversely Ziplock stored samples provided most of moisture content preservation which maintained higher than 64% up to Day 9 especially at refrigerator stored sample but condensation formation may occur, therefore accelerated microbial activity was likely resulted as mentioned above. Paper bag storage exhibited moderate moisture retention, with gradual decreases over time, indicating a balance between moisture loss and ventilation ([37]  [38]. Refrigeration helped stabilise pH and reduce moisture loss across all packaging materials. Ziplock packaging retained the highest moisture, which may accelerate spoilage despite reduced dehydration. Open storage resulted in rapid moisture loss and greater pH increase, indicating faster quality deterioration.
The best environmental parameters during storage were found in paper bags storage. It was able to limit both the change of pH and the moisture loss during storage time [39]. All the storage condition indicate that open storage is not suitable for fresh cut beetroot andZiplock at ambient condition speeds up spoilage of fresh cut beetroot. Paper bag at ambient storage was suitable for short term storage(5 days) and refrigeration coupled with proper packaging (Ziplock or paper bag) were found to be the best method to increase shelf life.
 These findings underscore the importance of integrating temperature control with suitable packaging materials to minimize post-harvest losses and enhance the safe consumption of fresh-cut beetroot.
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