


Short-Term Effects of Packaging Material and Storage Temperature on the Microbial and Physicochemical Quality of Freshly Extracted Orange and Pineapple Juice
                                   ORIGINAL  RESEARCH ARTICLE
                                                              ABSTRACT
This study investigated the effect of packaging material (glass vs. plastic) on the physicochemical and microbiological quality of freshly prepared orange and pineapple juices stored at ambient and refrigerated temperatures for a  short term. Microbiological analysis revealed that juices stored at ambient temperature had higher microbial loads than those stored under refrigeration. Total bacterial counts (TBC) ranged from 3.00–3.70 log₁₀ CFU/ml in ambient-stored juices and 3.00–3.30 log₁₀ CFU/ml in refrigerated juices. Coliforms were detected mainly in plastic-packaged juices under ambient conditions, ranging from 0–2.32 log₁₀ CFU/ml, and 0–1.98 log₁₀ CFU/ml under refrigerated conditions. Staphylococci were detected only in plastic-packaged orange juice stored at ambient temperature. Total fungal counts (TFC) in glass-packaged juices ranged from 1.70–2.02 log₁₀ CFU/ml (ambient) and 1.48–2.04 log₁₀ CFU/ml (refrigerated), while in plastic-packaged juices, TFC ranged from 1.93–2.40 log₁₀ CFU/ml (ambient) and 1.54–2.16 log₁₀ CFU/ml (refrigerated), all within stipulated standards.Six bacterial genera were identified: Lactobacillus (42.9%), E. coli (14.3%), Staphylococcus aureus (14.3%), Enterococcus sp. (14.3%), Bacillus sp. (7.1%), and Enterobacter sp. (7.1%), with Lactobacillus dominating pineapple juice due to its tolerance to acidic and sugary environments. Five fungal species were isolated: Saccharomyces sp. (47.1%), Candida sp. (23.5%), Aspergillus sp. (11.8%), Penicillium sp. (11.8%), and Rhizopus/Mucor (5.9%).Physicochemical analysis showed a greater decrease in pH in ambient-stored juices compared to refrigerated samples . Vitamin C content decreased from 42.1 mg/100 ml to 35.8 mg/100 ml in glass-packaged juice and from 42.0 mg/100 ml in plastic-packaged juice. Color intensity increased progressively in all samples. These findings indicate that both storage temperature and packaging material critically influence short-term juice quality. The study recommends glass packaging combined with refrigerated storage to ensure optimal microbial safety, chemical stability, and sensory quality of commercial fruit juice
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[bookmark: _heading=h.nfn8yrk9vv0q][bookmark: _heading=h.kugbzq4xw6ql]                                                       INTRODUCTION

The production and packaging of fruit juices constitute an essential segment of the global food and beverage industry, driven by increasing consumer demand for health-conscious and ready-to-consume products. Fruit juices are widely valued for their rich content of vitamins, minerals, and antioxidants, which contribute to their nutritional and functional benefits (Matche, 2018; Samreen, 2025). However, freshly extracted fruit juices are highly perishable, and their safety and quality can deteriorate rapidly, particularly during the initial stages of storage, when preservation interventions are minimal.
Fresh fruit juices possess high water activity and readily available nutrients that create favorable conditions for microbial growth. In the absence of pasteurization or chemical preservatives, significant physicochemical and microbiological changes may occur within the first 24–48 hours after extraction, especially under ambient storage conditions. Oxidation, light exposure, and microbial contamination during this short-term storage period can negatively affect juice quality, leading to changes in pH, vitamin C content, sensory attributes, and microbial load (Matche, 2018). Consequently, packaging material becomes a critical factor in controlling early quality deterioration in freshly prepared juices.
Freshly extracted orange and pineapple juices are natural beverages obtained by pressing or blending ripe fruits. They are rich in vitamins, particularly vitamin C, antioxidants, and essential minerals, offering health benefits such as immune support and improved hydration. Unlike processed juices, freshly extracted juices have no added preservatives or artificial flavors, preserving the natural taste, aroma, and nutrient content of the fruit.
Packaging plays a vital role in protecting fruit juices from external environmental factors such as oxygen, light, and temperature fluctuations (Vasile & Baican, 2021). Among commonly used packaging materials, glass and plastic are predominant, each possessing distinct barrier properties that influence juice stability during storage. Glass is chemically inert and impermeable to gases, offering superior protection against oxidation and microbial contamination, while plastic—particularly polyethylene terephthalate (PET) is lightweight, cost-effective, and widely used for short-term juice storage and distribution (Farrell et al., 2024). However, plastic materials are more permeable to oxygen and light, which may accelerate quality degradation even over short storage durations (Gupta et al., 2024).
The physicochemical quality of fruit juice, including pH, total soluble solids, titratable acidity, and ascorbic acid content, is highly sensitive to packaging material and storage conditions. Noticeable changes in these parameters often serve as early indicators of chemical reactions such as oxidation and fermentation. Similarly, microbiological quality is a critical safety concern in freshly extracted juices, where even low levels of contamination can lead to rapid microbial proliferation within a short time frame (Tribst et al., 2009). The ability of packaging materials to limit oxygen ingress and external contamination therefore plays a decisive role in maintaining juice safety during short-term storage.
Despite extensive research on juice packaging, most studies focus on long-term storage or commercially processed products, with limited attention given to the short-term effects of packaging materials on freshly extracted fruit juices, which are commonly consumed within one to two days of preparation. Moreover, integrated evaluations of both physicochemical and microbiological changes during this early storage period remain scarce. Addressing this gap is essential for small-scale producers and consumers who rely on minimal processing and short storage durations. Therefore, this study investigates the short-term effects of glass and plastic packaging materials on the physicochemical and microbiological quality of freshly extracted fruit juices under ambient and refrigerated storage conditions.

[bookmark: _heading=h.l84kacr3pwl6][bookmark: _heading=h.n2kr8ktelbmj]                                      MATERIALS AND METHODS 
[bookmark: _heading=h.sgzoz962r44u]	
Study Design
The study was a completely randomized factorial experiment designed to evaluate the short-term effects of packaging material (glass and plastic bottles) and storage temperature (ambient and refrigeration) on the microbial and physicochemical quality of freshly extracted orange and pineapple juices over a 0–2 day storage period.

Sample Collection 
Fresh and healthy oranges (Citrus sinensis) and pineapples (Ananas comosus) were purchased from Choba market, Port Harcourt. The fruits were transported in clean polythene bags to avoid contamination.                                                                                                                                                                             
The fruits were washed thoroughly with clean tap water, peeled, and the edible portions were extracted using a sterile stainless-steel juice extractor. Sterilization was performed by first washing all parts with detergent and clean water, followed by rinsing with 70% ethanol, and then drying in a clean environment.The extracted juices were filtered using sterile muslin cloth to obtain clear juice samples. 
[bookmark: _heading=h.mwwfly1d1js]	          Sample Preparation and Packaging 
Freshly prepared orange and pineapple juices were each divided into four portions and packaged in glass and plastic bottles. Glass bottles were sterilized by autoclaving at 121 °C for 15 minutes, while plastic bottles, which could not withstand high heat, were sterilized by washing thoroughly with detergent, rinsing with sterile water, and rinsing or wiping with 70% ethanol. After sterilization, the bottles were allowed to air dry in a sterile environment before being used for juice packaging. Each bottle was properly labelled according to the sample codes 
[bookmark: _heading=h.yp57dzl02bhq]Samples stored at ambient temperature (25± 2°C) were kept on laboratory shelves, while refrigerated samples (4± 1°C) were placed in a refrigerator. Analyses were carried out on day 0, day 1 and day 2. The  equipment and containers were sanitized before extraction,  airtight containers was used to minimize oxygen exposure  .

[bookmark: _heading=h.s1jde186pskq]	Microbial Analysis  
[bookmark: _heading=h.irnth8ncpwds] 	Preparation of serial dilutions  
One millilitre (1ml) of each juice sample was aseptically transferred  into 9ml of sterile distilled water in a test tube to obtain a 10–1 dilution. Subsequent serial dilutions were made up to 10-4, depending on the microbial load of the sample 
[bookmark: _heading=h.gk5ejocshfkv]	Total Viable Count (TVC) 
Using the spread plate technique, 0.1ml aliquots from appropriate dilutions were plated on plate count agar (PCA)and incubated at 35 ±2°C for 48 hours. Colonies were counted and expressed as colony-forming units per millilitre (cfu/ml). 
[bookmark: _heading=h.5vsczno9kvps]Coliform Count 
 Aliquotes (0.1ml) of appropriate dilutions were plated on MacConkey Agar and incubated at 37°C for 24 hours. Colonies were counted and   expressed as cfu/ml. 
[bookmark: _heading=h.92nqsgyo57fh]Staphylococcal Count  
 For Staphylococcus isolation, 0.1ml of each dilution was plated on Mannitol Salt Agar (MSA) and incubated at 37°C for 24 hours. Colonies were counted and   expressed as cfu/ml.
[bookmark: _heading=h.6qgzpqrk8y6c]Yeast and Mould Count 
 Aliquots (0.1ml) were spread  plated on Potato Dextrose Agar (PDA) and incubated at 25 ± 2°C for 3-5 days. Dinstint yeast and mould colonies were counted and recorded as cfu/ml. 
[bookmark: _heading=h.ekbs7ojvgq1m]Characterization of Microbial Isolates 
Pyre cultures were obtained by repeated sub-culturing of distinct colonies onto fresh media plates. Bacterial isolates were characterized based on colonial morphology, gram staining, and biochemical tests (Catalase, Oxidase, Indole, Starch, Motility, Sucrose, MR, VP, and Citrate utilization) according to Chesbrough (2006). Fungal isolates were identified using Lactophenol cotton blue staining and microscopic examination, following the procedures of Ellis et al. (2007). 
 Physiochemical analysis 
[bookmark: _heading=h.8q7fnjcwpyvn]	Determination of pH
The pH of each juice sample was determined using a digital phmeter. The pH  meter was standardized with buffer solutions of pH 4.0 and 7.0. The electrode was rinsed with distilled water between measurements, and the pH was recorded directly for each sample on day 0,5, and 9. 
[bookmark: _heading=h.sf3do3i6xo8g]	Determination of Colour Intensity 
Colour intensity was measured using a spectrophotometer at an absorbance of 420nm, as described by Lima et al. (2015). Approximately 10 ml of each juice sample was poured into a clean cuvette, and the absorbance reading was recorded. An increase or decrease in absorbance indicated colour darkening or fading respectively. 
[bookmark: _heading=h.42wq7ff15mp3]Determination of Vitamin C Content 
 Vitamin C (ascorbic acid) content was determined by titrimetric method using 2,6-dichlorophenol indophenol (DCPIP)dye as described by AOAC (2012). . 10ml of juice sample was pipetted into a conical flask. 10ml of oxalic acid was added to stabilize the vitamin C  .The mixture was titrated with standard DCPIP solution until a faint pink colour persisted for 15 seconds. Vitamin C content was calculated using a standard ascorbic acid curve and expressed as mg/100ml of juice. 
[bookmark: _heading=h.p9u0an5n1m52]
                                            RESULTS
Total bacterial count of juice samples packaged in glass and plastic containers at ambient temperature
. The total bacterial counts of the orange and pineapple juice samples stored in glass and plastic containers at ambient temperature are illustrated in Figure 1, showing the growth of aerobic bacteria during storage. For orange juice stored in glass (OAG), counts increased from 2.0 × 10³ CFU/mL on day 0 to 3.0 × 10³ CFU/mL on day 1, reaching 5.0 × 10³ CFU/mL by day 2. Orange juice stored in plastic (OAP) showed slightly lower counts, with 1.8 × 10³ CFU/mL on day 0, 2.6 × 10³ CFU/mL on day 1, and 3.5 × 10³ CFU/mL on day 2.
Pineapple juice stored in glass (PAG) recorded 1.2 × 10³ CFU/mL on day 0, increased to 1.6 × 10³ CFU/mL on day 1, and reached 2.0 × 10³ CFU/mL by day 2. Pineapple juice stored in plastic (PAP) showed counts of 1.0 × 10³ CFU/mL on day 0, 1.8 × 10³ CFU/mL on day 1, and 2.0 × 10³ CFU/mL on day 2. Overall, bacterial counts increased with storage time in all juice samples, with glass-packaged juices generally exhibiting slightly higher values than plastic-packaged samples.


FIGURE 1: Total Bacterial Count Of Juice Samples packaged In Glass And Plastic Containers At Ambient Temperature
Total staphylococcal count of juice samples packaged in glass and plastic containers at ambient temperature
 The total staphylococcal counts (TSC) of the orange and pineapple juice samples stored in glass and plastic containers at ambient temperature are shown in Figure 2. No detectable staphylococcal growth was observed in all samples throughout the storage period, except for pineapple juice stored in plastic (PAP), which showed an increase from 8.0 × 10² CFU/mL on day 1 to 1.5 × 10³ CFU/mL on day 2.

Figure .2: Total staphyloccal count of juice samples packaged  in glass and plastic containers at ambient temperature
Total coliform count of juice samples packaged in glass and plastic containers at ambient temperature
[bookmark: _heading=h.491wwgagm2i1]The total coliform counts (TCC) of the juice samples stored at ambient temperature are presented in Figure 3. Coliforms were generally low across all samples, with detectable growth occurring mainly at later storage periods. Orange juice stored in glass (OAG) recorded 2.1 × 10² CFU/mL on day 2, while orange juice stored in plastic (OAP) showed higher counts of 8.5 × 10² CFU/mL on day 2.
Pineapple juice stored in glass (PAG) showed no detectable coliforms on day 0, but recorded 2.5 × 10³ CFU/mL on day 1 and 5.5 × 10² CFU/mL on day 2. Pineapple juice stored in plastic (PAP) showed no growth on day 0, followed by counts of 8.5 × 10¹ CFU/mL on day 1 and 1.05 × 10² CFU/mL on day 2. Overall, coliform counts remained relatively low, indicating satisfactory hygienic handling during production and storage.

FIGURE 3: Total coliform count of juice samples packaged  in glass and plastic containers at ambient temperature.
The total fungal counts (TFC) of the orange and pineapple juice samples stored in glass and plastic containers at ambient temperature are illustrated in Figure 4. Fungal counts increased progressively with storage time across all samples. Orange juice stored in glass (OAG) increased from 5.0 × 10³ CFU/mL on day 0 to 1.05 × 10⁴ CFU/mL on day 1, and 1.45 × 10⁴ CFU/mL on day 2.
Orange juice stored in plastic (OAP) recorded 8.5 × 10³ CFU/mL on day 0, 1.50 × 10⁴ CFU/mL on day 1, and 2.5 × 10⁴ CFU/mL on day 2. Pineapple juice stored in glass (PAG) increased from 5.5 × 10³ CFU/mL on day 0 to 8.5 × 10³ CFU/mL on day 1, and 1.05 × 10⁴ CFU/mL on day 2. Pineapple juice stored in plastic (PAP) increased from 6.5 × 10³ CFU/mL on day 0 to 9.5 × 10³ CFU/mL on day 1, and 1.25 × 10⁴ CFU/mL on day 2.
FIGURE 4:  Total fungal count of juice samples packaged in glass and plastic containers at ambient temperature
 Total Bacterial Count Of Juice Samples Packaged In Glass And Plastic Containers At Refrigerated Temperature
The total bacterial counts (TBC) of juice samples stored under refrigerated conditions are presented in Figure 5. For orange juice stored in glass (ORG), counts ranged from 1.2 × 10³ CFU/mL on day 0 to 1.0 × 10³ CFU/mL on day 1, increasing to 2.0 × 10³ CFU/mL on day 2. Orange juice stored in plastic (ORP) recorded 1.3 × 10³ CFU/mL on day 0, 1.5 × 10³ CFU/mL on day 1, and 2.0 × 10³ CFU/mL on day 2.
Pineapple juice stored in glass (PRG) increased from 1.0 × 10³ CFU/mL on day 0 to 1.2 × 10³ CFU/mL on day 1, and 1.4 × 10³ CFU/mL on day 2, while pineapple juice stored in plastic (PRP) recorded 1.1 × 10³ CFU/mL on day 0, 1.3 × 10³ CFU/mL on day 1, and 2.0 × 10³ CFU/mL on day 2.

FIGURE 5: Total bacteria count of juice samples packaged  in glass and plastic containers at refrigerated temperature
Total Staphylococcal Count Of Juice Samples  Packaged In Glass And Plastic Containers At Refrigerated Temperature
No detectable staphylococcal growth was observed in any of the juice samples throughout the storage period under refrigerated conditions..
 Total Coliform Count Of Juice Samples  Packaged In Glass And Plastic Containers At Refrigerated Temperature
Under refrigerated storage, orange juice stored in glass (ORG) showed no coliform growth on day 0, but recorded 8.5 × 10³ CFU/mL on day 2. Orange juice stored in plastic (ORP) recorded no growth on day 0, followed by 6.5 × 10³ CFU/mL on day 1 and 9.5 × 10³ CFU/mL on day 2. Pineapple juice stored in glass (PRG) showed no detectable growth throughout storage, while pineapple juice stored in plastic (PRP) recorded 6.0 × 10² CFU/mL on day 0, no growth on day 1, and 8.5 × 10³ CFU/mL on day 2.





FIGURE 6:Total Coliform Count Of Juice Samples  Packaged  In Glass And Plastic Containers At Refrigerated Temperature
Total Fungal Count Of Juice Samples Stored In Glass And Plastic Containers At Refrigerated Temperature
The total fungal counts of refrigerated samples are shown in Figure 7. Orange juice stored in glass (ORG) increased from 4.5 × 10³ CFU/mL on day 0 to 8.5 × 10³ CFU/mL on day 1, and 1.0 × 10⁴ CFU/mL on day 2. Orange juice stored in plastic (ORP) recorded 3.5 × 10² CFU/mL on day 0, 6.0 × 10² CFU/mL on day 1, and 1.45 × 10³ CFU/mL on day 2.
Pineapple juice stored in glass (PRG) increased from 3.0 × 10² CFU/mL on day 0 to 5.0 × 10² CFU/mL on day 1, and 7.0 × 10² CFU/mL on day 2, while pineapple juice stored in plastic (PRP) increased from 6.0 × 10² CFU/mL on day 0 to 7.0 × 10² CFU/mL on day 1, and 9.0 × 10² CFU/mL on day 2.

FIGURE 7: Total fungal count of juice samples  packaged in glass and plastic containers at refrigerated temperature
Mean Microbial Counts Of Juice Samples Packaged In Glass And Plastic Containers At Ambient Temperature
The mean microbial counts of juice samples stored at ambient temperature illustrated in Figure 8. Orange juice stored in glass (OAG) had a pH of 8.01 with a mean total bacterial count (TBC) of 8.01 × 10³ CFU/mL, total coliform count (TCC) of 0.78 × 10³ CFU/mL, total staphylococcal count (TSC) of no growth, and total fungal count (TFC) of 4.44 × 10³ CFU/mL. Orange juice stored in plastic (OAP) had a pH of 7.85 with TBC of 7.85 × 10³ CFU/mL, TCC of 0.64 × 10³ CFU/mL, TSC of no growth, and TFC of 4.91 × 10³ CFU/mL.
Pineapple juice stored in glass (PAG) had a pH of 7.38 with TBC of 7.38 × 10³ CFU/mL, TCC of 1.98 × 10³ CFU/mL, TSC of no growth, and TFC of 4.34 × 10³ CFU/mL. Pineapple juice stored in plastic (PAP) had a pH of 7.35 with TBC of 7.35 × 10³ CFU/mL, TCC of 3.95 × 10³ CFU/mL, TSC of 2.08 × 10³ CFU/mL, and TFC of 4.49 × 10³ CFU/mL.

[bookmark: _heading=h.99ez8cedd0je]FIGURE 8: Total Mean  Microbial Count Of Juice Samples  Stored In Glass And Plastic Containers At Ambient Temperatur
 Mean Microbial Counts Of Juice Samples Packaged In Glass And Plastic Containers At Refrigerated Temperature
The mean microbial counts of juice samples stored under refrigeration are presented  in Figure 9. Orange juice stored in glass (ORG) had a pH of 7.18 with TBC of 7.18 × 10³ CFU/mL, TCC of 0.59 × 10³ CFU/mL, TSC of no growth, and TFC of 4.26 × 10³ CFU/mL. Orange juice stored in plastic (ORP) had a pH of 7.39 with TBC of 7.39 × 10³ CFU/mL, TCC of 2.5 × 10³ CFU/mL, TSC of no growth, and TFC of 4.04 × 10³ CFU/mL.Pineapple juice stored in glass (PRG) had a pH of 7.13 with TBC of 7.13 × 10³ CFU/mL, TCC of no detectable growth, TSC of no growth, and TFC of 3.8 × 10³ CFU/mL. Pineapple juice stored in plastic (PRP) had a pH of 7.25 with TBC of 7.25 × 10³ CFU/mL, TCC of 2.42 × 10³ CFU/mL, TSC of no growth, and TFC of 3.95 × 10³ CFU/mL.
FIGURE 9: Total Mean Count Of Juice Samples  Packaged In Glass And Plastic Containers At Refrigerated Temperature
[image: ]
Figure 10 Vitamin C degradation in orange and pineapple juice stored in glass and plastic containers at ambient and refrigerated temperatures 
Key   Solid lines: Ambient temperature
 Dashed lines: Refrigerated temperature 
  Colors: Orange = orange juice, Green = pineapple juice
 Markers: Different packaging (Glass vs Plastic
[image: ]
Figure 11 Colour changes (absorbance) of orange and pineapple juice during storage in glass and plastic containers.
 Key   Solid lines: Ambient temperature
 Dashed lines: Refrigerated temperature 
  Colors: Orange = orange juice, Green = pineapple juice
 Markers: Different packaging (Glass vs Plastic
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Figure 12 Changes in pH of orange and pineapple juice stored in glass and plastic containers under ambient and refrigerated conditions
Key   Solid lines: Ambient temperature
 Dashed lines: Refrigerated temperature 
  Colors: Orange = orange juice, Green = pineapple juice
 Markers: Different packaging (Glass vs Plastic)

                                                          Discussion
This study assessed the microbial quality of fruit juices stored in different temperature (ambient and refrigerated) with different packaging material (glass and plastic) .The findings revealed significant variations in microbial load, fungal diversity, and chemical stability between the two packaging types and storage environments. Overall, microbial proliferation and nutrient degradation increased with storage duration, particularly in samples stored under ambient conditions and packaged in plastic containers. These observations emphasize the critical role of packaging integrity and temperature control in determining the shelf life, safety, and sensory quality of fruit juices.
During ambient storage, total bacterial counts increased in all juice samples with time. Orange juice stored in glass containers (OAG) increased from 2.0 × 10³ to 5.0 × 10³ CFU/mL, while plastic-packaged orange juice (OAP) increased from 1.8 × 10³ to 3.5 × 10³ CFU/mL by day 2. Pineapple juice showed similar trends (Figure 1). These patterns indicate that ambient temperature supports bacterial growth, consistent with literature showing that unpasteurized or minimally processed juices stored at ≈25–30 °C support increases in total viable counts over time (Kaddumukasa et al., 2017).Refrigeration markedly suppressed bacterial proliferation; counts remained relatively stable during refrigerated storage (Figure 5). Lower temperatures slow metabolic activity and growth rates of spoilage bacteria, extending the microbiological stability of juices (Kaddumukasa et al., 2017)
The absence of detectable staphylococci in most samples under both ambient and refrigerated conditions suggests good hygiene during extraction and packaging. Only pineapple juice in plastic (PAP) showed a slight increase in staphylococcal count toward the end of ambient storage (Figure 2). Studies of commercial juices indicate that pathogenic bacteria such as Staphylococcus aureus are generally found at low frequencies when good manufacturing practices are used (Occurrence of microorganisms of public health and spoilage significance in fruit juices. Vantarakis et al., (2011)
Coliforms remained low in all samples until later stages of storage. At ambient temperature, orange juice in plastic (OAP) recorded slightly higher coliform counts than glass (OAG), consistent with observations that extended storage or poor hygiene can contribute to increased coliform levels in juices .Kaddumukasa et al.., (2017) Under refrigeration, coliform growth was minimal but detectable toward the end of storage in some samples (Figure 6), further confirming that cold temperatures slow but do not completely inhibit coliform proliferation.Fungal counts increased with storage time across all conditions, with higher values at ambient temperature compared with refrigeration (Figures 4 and 7). Yeasts and molds are well-documented spoilage organisms in fruit juices due to their tolerance for acidic environments and ability to grow at a wide range of temperatures.Tournas et al., (2006)
 Oxygen permeability differences between packaging materials (glass vs. plastic) also influence fungal growth, as molds and yeasts require oxygen for proliferation.The higher fungal counts in plastic-packaged juices likely reflect greater oxygen permeability of plastic compared with glass, aligning with empirical observations that glass provides a better barrier against fungal growth. Tournas et al., (2006)
As seen in Figure 8 and 9  the mean microbial counts of juice packaged in plastic and glass container at ambient and refrigeration  temperature. Across both storage conditions, ambient temperature consistently supported higher microbial counts than refrigeration, confirming temperature as a critical determinant of juice microbiological quality. Glass packaging generally resulted in lower microbial loads than plastic, particularly for coliforms and staphylococci, suggesting superior barrier properties and reduced contamination risk. Additionally, pineapple juice tended to exhibit higher microbial susceptibility than orange juice, especially at ambient temperature, possibly due to differences in nutrient composition and natural antimicrobial constituents.The observed trends indicate that the combination of refrigerated storage and glass packaging offers the most effective control of microbial growth in fruit juices, while ambient storage in plastic containers poses the greatest risk to microbiological safety and shelf stability.
Packaging material affects microbial quality, with glass containers generally offering better protection than plastic, particularly against fungal and coliform growth. Abrokwah et al.,(2020) and  Simply Glass Bottles. (2024) 
However, refrigeration remains the most critical factor in limiting microbial proliferation in fruit juices. Glass packaging consistently recorded lower microbial counts than plastic, which can be attributed to the impermeable nature of glass. Glass containers form an effective barrier against oxygen, moisture, and external contaminants, limiting microbial survival and proliferation. Plastic, in contrast, is semi-permeable and allows slow diffusion of gases such as oxygen and carbon dioxide through its matrix, which can sustain microbial respiration and metabolism. Caleb  et al. (2013) reported that micro-porosity in plastic materials can lead to moisture condensation and microbial persistence, particularly under warm or fluctuating temperature conditions. The presence of moisture droplets on container walls, common in plastic-packaged juices, can create localized microenvironments that favour microbial colonization Linke and  Geyer (2013).
 Furthermore, plastic packaging may interact chemically with juice components, potentially altering pH or nutrient stability, thereby influencing microbial growth. Leaching of plasticizers or trace compounds could provide additional carbon sources for microbial metabolism, enhancing bacterial survival. Although these interactions are minimal under short storage durations, they become more significant under ambient storage conditions where temperature accelerates chemical diffusion. Thus, the observed microbial differences between glass and plastic are not only due to gas permeability but also due to the physical and chemical stability of the packaging materials.
The bacterial isolates identified from the juice samples included Lactobacillus spp., Escherichia coli, Staphylococcus aureus, Enterococcus spp., Bacillus spp., and Enterobacter spp. Frequency analysis revealed Lactobacillus spp. as the dominant bacterium (42.9%) across all conditions, confirming its adaptation to acidic environments typical of fruit juices. Members of this genus are classified as lactic acid bacteria (LAB), a group of Gram-positive microorganisms that ferment sugars through glycolytic pathways to produce lactic acid as the major end product along with other metabolites such as acetic acid or ethanol. Members of this genus belong to the group of lactic acid bacteria (LAB), which ferment carbohydrates by metabolizing sugars into lactic acid and other metabolites, leading to acidification (pH reduction) and changes in flavour characteristics of foods and beverages. Jiang et al.,(2025)
 While their presence does not always indicate poor hygiene, it is often associated with natural spoilage processes in fruit-based products. .E. coli and S. aureus, each accounting for 14.3% of isolates, were detected only in ambient-stored juices. Their presence indicates environmental or handling contamination, likely introduced after pasteurization or through contact with unsterile surfaces. High ambient temperatures promote their multiplication, emphasizing the importance of temperature control in preventing microbial hazards. Enterococcus spp. (14.3%) were mainly found in refrigerated samples, demonstrating their psychrotrophic nature and ability to persist under cold conditions. These bacteria may contribute to mild fermentation through slow carbohydrate metabolism, producing organic acids that gradually lower the pH. Bacillus and Enterobacter spp. were the least frequent isolates (7.1% each), appearing sporadically across samples. Bacillus species are spore-forming organisms capable of surviving heat treatment, while Enterobacter species are typical environmental contaminants that can proliferate in nutrient-rich fluids. Their low frequency suggests that the production process was largely hygienic, with minimal external contamination.
Overall, bacterial frequency data reveal that packaging material and storage temperature jointly determine the type and extent of bacterial survival. Plastic containers exhibited a broader bacterial diversity than glass, consistent with their higher gas permeability and potential for condensation-induced microenvironments that support bacterial growth. These results correspond with the findings of Shakpo  & Arawande (2011).  who  compared packaging materials have reported that glass containers often provide superior protection for beverages, including fruit juices, resulting in better maintenance of quality and lower levels of microbial proliferation relative to plastic bottles during storage.
The fungal profile showed that Saccharomyces spp. had the highest frequency of occurrence (47.1%) across all juice types and storage conditions, confirming its role as the predominant spoilage yeast in fruit juices. Its resilience can be attributed to its osmotolerance and acid resistance, enabling survival in high-sugar, low-pH environments. Saccharomyces species are yeasts widely recognized for their ability to ferment simple sugars, producing ethanol and carbon dioxide as metabolic end products. This fermentative activity can lead to changes in flavour, aroma, turbidity, and overall quality of fruit juices during storage. Lee (2023)  
Their occurrence in both glass and plastic containers under ambient and refrigerated conditions suggests contamination from raw fruits or processing equipment rather than from packaging materials. Saccharomyces cerevisiae is widely reported as one of the predominant yeast species isolated from fruit juice and concentrate products, likely due to its ability to tolerate acidic, sugar-rich environments and proliferate under such conditions. Deak & Beuchat (1993)   and   Kefale et al.,(2025) .The microbiological analysis of freshly extracted orange and pineapple juices indicated that total bacterial counts (TBC) ranged from 2.0 × 10³ to 5.0 × 10³ CFU/mL at ambient temperature and 1.0 × 10³ to 2.0 × 10³ CFU/mL under refrigeration, remaining within the typical maximum limit of 1.0 × 10⁴ CFU/mL for fresh fruit juices (Rahman et al., 2011). Total staphylococcal counts were generally undetectable, except in pineapple juice stored in plastic at ambient temperature, which reached 1.5 × 10³ CFU/mL, slightly exceeding the accepted limit of 1.0 × 10³ CFU/mL. Coliform counts, however, were higher than recommended, with values up to 2.5 × 10³ CFU/mL in some samples, suggesting possible contamination during extraction or handling. Fungal populations increased progressively with storage time, particularly at ambient temperature, reaching 2.5 × 10⁴ CFU/mL in orange juice stored in plastic, exceeding the typical maximum of 10³ CFU/mL; refrigeration effectively limited fungal proliferation. Overall, while total bacterial and staphylococcal counts were mostly within acceptable ranges for freshly extracted juice, the elevated coliform and fungal loads highlight the importance of strict hygienic practices and cold storage to maintain the microbiological quality and safety of fresh fruit juices
Candida spp., the second most common isolate (23.5%), was found exclusively in plastic-packaged juices (OAP, ORP, PAP, and PRP). Candida species are opportunistic yeasts capable of utilizing a broad range of carbon sources and thriving under low-oxygen conditions. Burgain et al(2020), Their restriction to plastic-packaged samples suggests that micro-oxygen diffusion through plastic walls sustains yeast metabolism and survival during storage. Plastic packaging materials generally have higher oxygen and moisture transmission rates than glass, which can lead to greater exposure of the product to oxygen and enhance the growth of aerobic spoilage microorganisms such as yeasts and molds during storage. Aspergillus and Penicillium spp. each represented 11.8% of the fungal isolates and were detected primarily in ambient-stored samples. These molds produce resilient spores that can withstand adverse conditions and germinate when moisture and nutrients become available. Their detection in fruit juices, though in low frequency, is notable because some Aspergillus species can produce mycotoxins under favourable conditions. The absence of Rhizopus spp. in all samples suggests that storage conditions, particularly refrigeration, were unfavourable for its growth. Pitt & Hocking (2022). \The overall higher fungal diversity in plastic containers compared to glass further supports the conclusion that glass provides superior protection against microbial infiltration. Rizk et al.,  (2009) found that juices stored in glass bottles showed greater protection against degradation of quality attributes compared with plastic bottles under storage conditions.
As illustrated in Figure 10  Vitamin C content declined gradually in all samples but was more stable in refrigerated and glass-packaged juices. In ambient-stored orange juice, vitamin C decreased from 42.1 mg/100 mL to 35.8 mg/100 mL in glass and from 42.0 mg/100 mL to 32.5 mg/100 mL in plastic by day 9. Refrigerated glass-stored juice showed a smaller decrease from 42.3 to 40.2 mg/100 mL, demonstrating better retention. These differences arise primarily from oxygen exposure and temperature effects. Vitamin C, or ascorbic acid, is highly sensitive to oxidation, and its degradation accelerates in the presence of oxygen, light, and heat. Plastic containers allow greater oxygen diffusion, while glass provides an impermeable barrier that reduces oxidative losses. Rizk et al.,  (2009)  similarly found that ascorbic acid degradation is significantly slower in juices stored in glass than in plastic due to limited oxygen transfer.
As shown in Figure 11 Colour intensity (absorbance) increased progressively in all juices, signifying browning reactions associated with oxidation and pigment polymerization. Orange juice in plastic under ambient conditions (OAP) showed the most significant increase, from 0.220 to 0.285, while refrigerated glass samples (ORG) displayed only minimal change (0.215 to 0.222). The increase in absorbance can be attributed to non-enzymatic browning reactions, including Maillard and caramelization processes, and to the concentration of pigments such as carotenoids and flavonoids as water evaporates or oxidizes. Muche et al. (2018 and Giménez et al.,(2022)) reported that refrigeration and opaque packaging materials effectively slow pigment degradation and browning reactions by limiting light and heat exposure.
As in  Figure  12  the decrease in pH was more pronounced in ambient-stored samples than in refrigerated ones. For instance, the pH of orange juice in glass at ambient temperature (OAG) fell from 3.85 to 3.60 over nine days, while the refrigerated equivalent (ORG) showed only a slight drop from 3.86 to 3.76. Pineapple juices followed a similar trend, with ambient-stored samples (PAG and PAP) showing more substantial pH decreases than refrigerated ones (PRG and PRP). The acidification can be attributed to the production of organic acids by lactic acid bacteria and yeasts that metabolize carbohydrates into lactic, acetic, and citric acids during storage. Ferreira  et al., (2023) and Sun et al. (2023) reported that microbial metabolism is the principal cause of pH reduction in stored fruit juices, as fermentative microorganisms convert residual sugars into organic acids. The combined results demonstrate that both packaging and storage condition significantly affect the microbiological and physicochemical quality of fruit juices. Glass packaging under refrigeration provided optimal preservation, maintaining microbial counts at minimal levels, slowing nutrient degradation, and preserving colour and acidity. Plastic packaging, on the other hand, exhibited higher microbial loads, faster vitamin C loss, and greater colour changes, particularly under ambient conditions. This highlights the importance of selecting appropriate packaging materials to ensure product safety and shelf stability.
CONCLUSION
These findings are consistent with previous research showing that fruit juices stored at refrigeration temperatures and packaged in glass containers exhibit better retention of quality attributes compared with other packaging materials and storage conditions (Rizk et al., 2009). The observed decrease in pH and loss of vitamin C under ambient storage conditions further supports that oxidative reactions and microbial metabolism are primary mechanisms driving fruit juice deterioration (Kaddumukasa et al., 2017). The study establishes that temperature control, hygienic processing, and packaging material selection are critical determinants of juice safety and stability. Glass packaging, being inert and impermeable, provides superior preservation of both microbiological and nutritional quality, while refrigeration slows spoilage reactions and maintains sensory appeal. Conversely, plastic packaging and ambient storage accelerate microbial growth, oxidative degradation, and overall quality decline.
Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
[bookmark: _GoBack]
Competing Interests
Authors    have    declared    that    no    competing interests exist

	Abbreviation
	Meaning

	OAG
	Orange juice stored in glass container at ambient temperature

	OAP
	Orange juice stored in plastic container at ambient temperature

	PAG
	Pineapple juice stored in glass container at ambient temperature

	PAP
	Pineapple juice stored in plastic container at ambient temperature

	ORG
	Orange juice stored in glass container at refrigerated temperature

	ORP
	Orange juice stored in plastic container at refrigerated temperature

	PRG
	Pineapple juice stored in glass container at refrigerated temperature

	PRP
	Pineapple juice stored in plastic container at refrigerated temperature

	pH
	Measure of hydrogen ion concentration (acidity/alkalinity)

	REF
	Refrigerated temperature

	mg/100 ml
	Milligrams per 100 millilitres
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