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Study on The Effect of Pretreatments on Quality of BANANA (Musa paradisiaca L.) Chips and Its Storage Stability
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Abstract
Banana chips are a popular snack made from unripe bananas and preserved through drying and frying methods. This study investigated the effects of different pretreatments on the quality and storage stability of banana chips. The pretreatments included a control (sample A), 5% salt solution (sample B), 5% citric acid (sample C), 5% lemon juice (sample D) and blanching (sample E). Unripe bananas were sliced and pretreated before frying. The prepared chips were subjected to proximate analysis, sensory evaluation. Chips were packed in various materials, including polyethylene (PE), Low density polyethylene (LDPE), and laminated foil. Parameters like acid value and peroxide value were analyzed during storage to assess storage stability over 30 days.
     The results showed that banana chips pretreated with lemon juice (Sample D) obtained the highest scores in sensory evaluation. Proximate composition analysis revealed that Sample D contained 2.04% moisture, 1.983% crude protein, 25.2% crude fat, 7.63% crude fiber, 1.85% total ash, and 59.937% carbohydrates. Pretreated samples exhibited significantly lower acid and peroxide values, indicating improved storage stability during 30 days. Laminated packaging best preserved quality. Thus, lemon juice pretreatment and proper packaging significantly enhance banana chips' sensory quality and shelf life.
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[bookmark: _Toc217283644]Introduction
Banana (Musa paradisiaca L.) is the common name for herbaceous plants of the genus Musa. It is monocotyledonous perennial and important crop in the tropical and sub-tropical world regions (Valmgyor et al., 2000),  including dessert banana, plantain and cooking bananas. It contains 75% water and 25% dry matter.  The fruit is considered as an excellent source of Potassium, K (1491 mg/100g). It has an appreciable quantity of Iron (Fe) (1.15 mg/100g), Magnesium (Mg) (108 mg/100g), Phosphorus (P) (74 mg/100g). 
Chips, a universally loved snack, are thin slices of food commonly made from vegetables like potatoes, bananas, or other tubers prepared through frying, baking, or air drying. They are often seasoned with salt, spices, or flavoring agents to create a variety of taste profiles that appeal to a broad spectrum of consumers. Chips are widely consumed as convenient, ready-to-eat snacks and are staples in the global snack food industry due to their long shelf life, portability, and satisfying crunch (Gertz, 2004).
Bananas are one of the most widely cultivated and consumed fruits globally, but they are also highly perishable, with a short shelf life that leads to significant post-harvest losses. To address this issue, various products have been developed from bananas, including banana puree, dried bananas, banana flour, banana wine, banana vinegar, banana jam, and banana chips. While these products offer diverse uses for bananas, each has its own limitations in terms of processing, preservation, and marketability (Anonymous, 2021). 
Products such as banana puree and banana jam have limited shelf stability due to their high moisture content, requiring refrigeration or preservatives to extend their lifespan. Dried bananas and banana flour, though more stable, can suffer from texture and flavor degradation over time, reducing their consumer appeal. Fermented products like banana wine and vinegar have niche markets and require specific processing conditions that may not be accessible to small-scale farmers. Various studies have focused on the preparation of banana-based products to reduce post-harvest losses. For instance, drying techniques for banana slices, fermentation methods for producing banana wine, and jam production have been explored as ways to extend the fruit's shelf life. While these methods have been somewhat effective, they either require significant processing time, specialized equipment, or do not cater to a broad consumer base. Additionally, many of these products do not fully address the issue of rapid spoilage that occurs shortly after harvest in regions lacking advanced storage and transportation infrastructure (Arora et al., 2021).
This study explains that banana products, banana chips stand out as a particularly effective means of increasing shelf life. Through the processes of drying and frying, the moisture content in bananas is drastically reduced, which inhibits microbial growth and enzymatic activity, the primary causes of spoilage. Banana chips are also more widely accepted in the market as a snack product, appealing to both local and global consumers due to their crisp texture and convenience(Ali, 2008). Furthermore, the application of pretreatments (salt solution, citric acid, blanching and lemon juice) during the chip preparation process can enhance not only the sensory quality of the chips but also their shelf stability and nutritional profile. As a result, banana chips offer a practical and economically viable solution for reducing post-harvest losses, particularly in regions where infrastructure for preserving fresh bananas is limited (Abioye and Aka, 2015). This study focuses on addressing the perishability of bananas through the preparation and quality evaluation of banana chips, investigating how different pretreatments influence their physical, chemical, and sensory properties.    
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Materials and methods 
[bookmark: _Toc152917909][bookmark: _Toc217283694][bookmark: _Toc217283695][bookmark: _Toc152917918]Raw material
Selection of raw materials; Banana, oil, lemon, and salt were bought from the local market of Itahari, Nepal whereas citric acid was used from the lab of Nilgiri College.
[bookmark: _Toc217283696]Chemicals and equipments: All the chemicals and equipments required for the experiment were obtained from laboratory of Nilgiri College. List of equipments and chemicals used for this work is shown in Appendix I and II respectively. 
[bookmark: _Toc152917916][bookmark: _Toc217283697]Methodology 
The total work was based on preparation of banana chips made from fully unripened and analysis of it.
[bookmark: _Toc152917919][bookmark: _Toc217283698]Sorting, washing and cleaning: Washing was done using plenty of portable water. Damaged banana was discarded for the preparation of banana chips.
[bookmark: _Toc217283699][bookmark: _Toc217283700]Peeling and slicing: Peel the bananas was done manually and slicing was done with the help of slicer into thin, uniform slices of 2-3mm thickness. Consistency in slice thickness is crucial for even frying.
Pre-treatment: Banana slice was dipped in a solution containing citric acid (5%), salt solution (5%), lemon juice (5%) and blanching was done.  To evaluate the effects of various pretreatments on banana chips, sliced unripe bananas were subjected to different treatments prior to frying. One portion was kept untreated and served as the control sample. 
     The other slices were treated using the following methods: blanching, where the slices were immersed in hot water at 80°C for 5 minutes; dipping in 5% salt solution for 10 minutes; dipping in 5% citric acid solution for 10 minutes; and dipping in 5% lemon juice for 10 minutes. These treatments were adapted from Andrade et al. (2017) and were aimed at improving the sensory and storage qualities of banana chips. 



Preparation of samples: 
[bookmark: _Toc217283701]Drying: Drying was done by hot air oven banana chips were dried at a temperature of 55-60°C (131-140°F) (oven was preheated to required temperature) for 30-40 min due to its slice thickness and was cooled and then was further followed by frying. 
[bookmark: _Toc217283702][bookmark: _Toc152917923]Frying: The banana slices were fried in hot oil, usually vegetable oil, at precise temperatures. Banana slice was fried at a temperature of range between 120-180 ½C  until golden brown (Gertz, 2004).  
[bookmark: _Toc217283703]Cooling: After frying, the chips were cooled to room temperature to halt any residual cooking and maintain their crispiness. 
[bookmark: _Toc217283704]Packaging: After cooling, banana chips were packed in airtight packaging materials PE, LDPE, and laminated polyethylene to maintain freshness and prevent moisture absorption. The packaged chips were stored for 30 days, and acid value and peroxide value were analyzed at 10-day intervals to assess the impact of packaging on product stability during storage.
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[bookmark: _Toc217283706][bookmark: _Toc152917927]Analytical methods   
Determination of moisture content 
Moisture content was determined as per Ranganna (1986). 
                   
[bookmark: _Toc152917928][bookmark: _Toc217283707]Determination of ash content 
Total ash content of the samples was determined by following the method given by Ranganna (1986) using a Muffle furnace. 
[bookmark: _Toc217283708]Determination of crude fat 
Crude fat content of the samples was determined according to  method given by Ranganna (1986) by solvent extraction method using Soxhlet apparatus.  
[bookmark: _Toc217283709]Determination of acid value 
Acid value of the sample was determined according to  Ranganna (1986). 
[bookmark: _Toc217283710]Determination of peroxide value 
Peroxide value of the sample was determined according to  Ranganna (1986). 
[bookmark: _Toc217283711]Determination of carbohydrate 
Total carbohydrate was calculated by difference, that is the percentage of moisture, ash, protein, and fat was subtracted from 100 %   (Pearson, 1981). 
% carbohydrate = 100 % – (moisture + protein + crude fat + crude fiber + ash) 
[bookmark: _Toc217283712]Determination of crude protein 
Protein content of banana and banana chips was determined by macro Kjeldahl method as given in KC and Rai (2007). 
[bookmark: _Toc152917938][bookmark: _Toc217283713]Sensory evaluation 
The prepared chips samples were evaluated by organoleptic process by 10 semi trained members using a 9-point hedonic rating scale method.
[bookmark: _Toc152917939][bookmark: _Toc217283714]Statistical analysis 



All the data obtained in this work was analyzed by statistical program known as GenStat version 12.1 . From this, mean and Tukey HSD at 5% level of significance was determined by use of ANOVA. Ms-Excel was also employed for the general graph and diagram construction




[bookmark: _Toc152917940][bookmark: _Toc217283715]Results and discussion
In this study, banana chips subjected to various pretreatment methods were categorized as Samples A, B, C, D, and E. Following preparation and drying, the samples were packaged using different materials and stored under room temperature for a period of 30 days. Subsequently, comprehensive evaluations encompassing physical, chemical, and sensory analyses were conducted to assess the impact of pretreatments and packaging on the quality and shelf stability of the final product.
[bookmark: _Toc217283716]Proximate analysis of raw banana 
The proximate analysis of fully unripen bananas (Musa paradisiaca L.) involves determining the moisture, ash, fat, and crude fiber content. 
[bookmark: _Toc217283717]The proximate analysis of the raw banana for various parameters like moisture content, crude protein, crude fat, crude fiber, ash and carbohydrate (in dry basis except moisture content) were found to be 69.08%, 3.72%, 0.91%, 1.65%, 2.75%, and 90.94%, respectively, as presented in Table 2. Similarly, the moisture content, crude protein, crude fat, crude fiber, and carbohydrate obtained by Singh et al. (2020) for unripe banana were 69%, 3.7%, 0.9%, 1.6%, and 90.8%, which was similar to our study. The difference in proximate composition may be due to factors like varieties, climatic conditions, soil type, maturity, fertility and others (Paramasivam et al., 2022). 

Sensory evaluation 
Sensory analysis was performed with the aid of ten panelists evaluating color/appearance, aroma, taste and overall acceptability. The determination of all the readings was conducted in triplicates. The data were analyzed by using Statistical tool (One- Way ANOVA using GenStat version 12.1 at 5% level of significance. The means were compared using LSD methods. In sensory evaluation, the significant difference in product based on specified parameters was in the sense of liked or disliked of the product as judge by the panelist but not in sense of physicochemical characteristics of the products. Mean score of the products in all parameters as obtained from sensory analysis as plotted in bar diagram. A, B, C and D were final product of banana chips. Vertical error bars represent ± standard deviation of scores given by 10 panelist.
[bookmark: _Toc217283718]Color and appearance 
The color/appearance of banana chips plays a crucial role in consumer acceptance as it reflects the visual appeal, which is often the first sensory attribute noticed. The color/appearance of all four samples (A, B, C, D) was considered statistically similar based on the sensory evaluations, indicating a consistent visual quality across these samples. The mean sensory scores for color and appearance was found to be 5.4, 6.5, 6.7,8.5 and 7 for samples A, B, C ,D and E respectively. Statistical analysis showed that there was significant difference between the mean sensory scores of sample A and sample D but sample B,C and E there was no signigicant differences. Mean score of the products  as obtained from sensory analysis as plotted in bar diagram Fig. 2
     Sample D (Lemon juice) stand out with the highest score 8.5, significantly different from all other samples. Lemon juice, rich in 5–6% citric acid, provides a strong antioxidant effect, further inhibiting enzymatic browning and maintaining the best visual appearance. This result aligned with studies highlighting the effectiveness of lemon juice in retaining color during frying (Man, 2020). Sample A (Control) had the lowest score 5.4, significantly different from all the treated samples. The lack of pretreatment led to enzymatic browning during frying, resulting in darker, less appealing chips. This browning was due to the activity of polyphenol oxidase (PPO), which was not inhibited in the untreated control, confirming previous findings on enzymatic browning in banana processing reported by Smith (2022) . Samples B, C, and E show similar scores (between 7-8) with no significant differences between them. Salt and citric acid pretreatments are known to inhibit PPO activity, thereby reducing browning. Patel and Gupta (2019) reported that hot water blanching at 80°C also effectively denatures PPO, which prevents browning, resulting in a lighter, more appealing appearance.
[bookmark: _Toc217283719]Flavor
Flavor is a complex attribute influenced by both taste and aroma.The mean sensory scores for taste were recorded as 5.2,6.9,6.2, 8.5 and 6.7 for sample A, B, C , D and E respectively. Statical analysis showed that there was  significant difference between the samples in term of flavour. The significant differences observed in the mean values of the flavors are likely due to a combination of ingredient composition, preparation methods, and sensory attributes. Flavor D emerges as the most preferred, while Flavor B was the least preferred. Mean score of the products  as obtained from sensory analysis as plotted in bar diagram Fig. 3 
     Graph revealed that Sample A (Control) received the lowest flavor score 5.2, significantly different from all treated samples. The absence of pretreatment led to a bland flavor profile, potentially affected by higher oil absorption. Samples B, C, and E  scored between 6.9,6.2 and 6.7. Sample B had a  score 6.9, as salt is a flavor enhancer that naturally improves taste. Salt pretreatment likely reduced oil uptake, further contributing to better flavor perception. Sample D had  highest score of 8.5, significantly different from the rest. The acidity of lemon juice not only prevented browning but also imparted a fresh, tangy taste that complemented the natural sweetness of the banana slices, leading to higher consumer acceptability  . While sample E  effective in retaining color, scored lower in flavor, shows that blanching did not contribute as much to the enhancement of flavor as the lemon juice did.
      Sample D (Lemon Juice) stood out as the most flavorful, likely due to its ability to impart a balanced tangy flavor and inhibit negative changes during frying, while the control remained the least preferred. According to Song et al. (2017) the specific recipe and formulation of each flavor play a crucial role in the sensory outcomes. 
[bookmark: _Toc217283720]Crispiness 
The crispness of banana chips is a critical sensory attribute that directly influences the consumer's perception of quality. Samples had means sensory score of 4.9, 6.6, 7, 8.5 and 7 for sample A, B, C, D and E respectively. Statistical analysis indicated that there were no significant differences in crispiness ratings among samples B, C and E. Sample D was significantly different from Sample A, B, C and E in terms of crispiness. According to Ali (2008) lemon juice as a pretreatment significantly improves the crispiness of banana chips by reducing moisture retention, hardening the surface, and controlling oil absorption. This not only enhances the sensory quality of the chips but also increases their consumer appeal.   Also, acid treatment partially breaks down cell wall components and promotes better moisture loss during frying/drying, which results in a firmer, crisper texture in foods like banana chips. Mean score of the products as obtained from sensory analysis as plotted in bar diagram Fig. 4.
     Sample A (Control), without any pretreatment, received the lowest score. This significantly lower score compared to treated samples suggests that the absence of pretreatment left the chips with higher moisture content and poor texture. Unprocessed banana slices tend to retain more moisture during frying, leading to less crisp chips        Samples B, C, and E (5% Salt, 5% Citric Acid, and Blanching) have similar scores. Pretreatments such as blanching and salt treatment reduce moisture levels before frying, resulting in a crispier texture. Salt solution, in particular, helps to draw out moisture through osmosis, which leads to less oil absorption and a crisper product which is clearly mentioned by Singh et al. (2020). 
[bookmark: _Toc217283721]Overall acceptance 
The mean sensory scores for overall acceptability recorded as 6.3, 6.091, 6.091 and 7.545 for sample A, B, C, D and E respectively.  This suggested that sample D was significantly different from Samples A, B, and C in terms of overall acceptance. Sample D had a different or superior ingredient composition that enhances its overall acceptance. This included that a better balance of flavors, textures, or added ingredients that were more appealing can be obtained by using lemon. The preparation method for sample D had result in more desirable sensory characteristics, such as better texture, flavor, or appearance, contributing to its higher overall acceptance. Mean score of the products as obtained from sensory analysis as plotted in bar diagram Fig. 5.
      The sensory panel had consistently rated sample D higher due to its standout sensory attributes compared to the other samples. Samples A, B, C and E though shared similar preparation methods, leading to comparable levels of overall acceptance. According to Andrade et al. (2017) that methods of pretreatment clearly effect the sensory attributes of chips.                                                                                                               .                                       
[bookmark: _Toc217283722]Proximate analysis of best sample and control sample 
From statistical sensory analysis, the best product was found to be sample D. The obtained data were compared to data reported by Singh et al. (2020).  
      The crude protein, crude fat, crude fiber, total ash, and carbohydrate content of sample A (Control) were found to be 2.02%, 36.16%, 7.37%, 1.86%, and 52.60% respectively. The moisture content, crude protein, crude fat, crude fiber, ash and carbohydrate of banana chips as reported by Rimac-Brnčić (2004) were 4.3 %, 2.3 %, 33.6 %, 7.7 %, 1.4 % and 58.4 %. The moisture, protein, fiber and carbohydrate content of control chips from our study was found to be lower and fat and ash content was found to be higher than the value reported by Dadzie (1997) and the value for moisture content, crude protein, crude fat, crude fiber, ash and carbohydrate of local banana chips were 3.64 %, 3.96 %, 8.60 %, 10 %, 2.5 % and 22.1 % respectively. 
      The crude protein, crude fat, crude fiber, total ash, and carbohydrate content of sample D (best), these values were 2.05%, 26.10%, 7.90%, 1.92%, and 62.03% respectively. There was significant decrease in moisture content of sample D with respect to sample A. Similar result was obtained by Paramasivam et al. (2022)
[bookmark: _Toc217283723]Effect of packaging materials on storage stability of banana chips. 
[bookmark: _Toc217283724]Acid value 
The acid value of sample D showed a significant increase during the 30-day storage period which is shown in fig 6. Initially recorded at 0.422 meq/kg, in polyethene the acid value progressively rises to 2.46 meq/kg at 10 days, 2.52 meq/kg at 20 days, and further to 3.58 meq/kg by the 30th day. In LDPE the acid value progressively rises to 2.34 meq/kg at 10 days, 2.42 meq/kg at 20 days, and further to 3.18 meq/kg by the 30th day. In laminated (PET/Aluminum Foil/LDPE laminates), acid value progressively rises to 0.46 meq/kg at 10 days, 0.52 meq/kg at 20 days, and further to 0.58 meq/kg by the 30th day.  
     Among the packaging materials analyzed, polythene exhibited the highest increase in acid value, underscoring its poor resistance to moisture ingress. This inadequate barrier against moisture facilitates hydrolytic degradation, leading to the accumulation of free fatty acids in the chips. LDPE performed better but still showed moderate degradation due to its limited barrier properties. Laminated (PET/Aluminum Foil/LDPE laminates) packaging showed the most significant reduction in acid value, demonstrating excellent resistance to hydrolysis and superior moisture barrier properties.
[bookmark: _Toc217283725]     The substantial increase in acid value suggests interactions between the packaging material and the food product, which compromises the overall quality of the banana chips. Elevated acid values are indicative of hydrolytic spoilage, resulting in the development of off-flavors and potential rancidity. Such changes not only degrade the sensory appeal of the chips but also reduce their shelf life. The findings align with previous studies of  International. (2005), which highlight that packaging materials with insufficient resistance to water vapor transmission accelerate hydrolytic degradation in fat-containing products. Consequently, chips stored in polythene packaging are more susceptible to quality deterioration but not in laminated. The results emphasize the importance of selecting advanced packaging materials with superior barrier properties, such as laminated packaging, to mitigate moisture ingress and maintain the quality and shelf stability of banana chips over prolonged storage periods.
Peroxide value 
The peroxide value of Sample D showed a notable increase over the 30-day storage period, varying significantly across different packaging materials which is shown in fig 7. Initially recorded at 0.64 meq/kg, the peroxide value in polythene packaging rose sharply to 3.29 meq/kg at 10 days, 4.14 meq/kg at 20 days, and further to 4.65 meq/kg by the 30th day. In LDPE packaging, the peroxide value increased more moderately, reaching 2.21 meq/kg at 10 days, 3.14 meq/kg at 20 days, and 4.35 meq/kg at 30 days. Conversely, laminated (PET/Aluminum Foil/LDPE laminates) packaging exhibited a minimal increase in peroxide value, rising only to 0.68 meq/kg at 10 days, 0.74 meq/kg at 20 days, and 0.8 meq/kg at 30 days.
     The results clearly highlight the superior performance of laminated (PET/Aluminum Foil/LDPE laminates) packaging in minimizing oxidative degradation, attributed to its excellent barrier properties against oxygen and light. This packaging effectively limited peroxide formation, maintaining the chemical stability and quality of the banana chips over the storage period. In contrast, polythene demonstrated the highest peroxide value, reflecting its poor oxygen barrier properties and susceptibility to oxidative degradation (Robertson, 2016). This allowed higher lipid oxidation, leading to the potential development of off-flavors, rancidity, and nutritional loss in the food product. LDPE performed better than polythene, but its moderate oxygen permeability still resulted in a noticeable rise in peroxide values. 
[bookmark: _Toc152917963][bookmark: _Toc217283727]High peroxide values in food packaging materials are directly linked to oxidative spoilage, which not only compromises sensory attributes like flavor and odor but also generates potentially harmful compounds (Robertson, 2016). Ensuring minimal peroxide formation is critical to preserving the sensory, nutritional, and safety aspects of food products. These findings underscore the necessity of adopting advanced packaging solutions, such as laminated materials, to enhance product quality and extend shelf life.
Conclusions
[bookmark: _Toc152917964][bookmark: _Toc217283728]This study was conducted in order to assess the effect of various pretreatments on the quality and storage stability of banana (Musa paradisiaca L.) chips, as the findings have confirmed the importance of pretreatment in improving its quality and storage stability.
Among all the samples, banana chips treated with 5% lemon juice (sample D) showed the best performance. In fact, this treatment was found to have the highest score for its color, flavor, crispiness, and acceptability, which is a good indicator of its preference by consumers. Analysis of its proximate composition revealed the favorable nutritional value of sample D, characterized by lower moisture content and reduced fat absorption.
Materials used in packaging had a substantial impact on the storage stability of banana chips. Banana chips packed with laminated packaging materials had the lowest increment in acid value and peroxide value over the 30-day storage period, revealing better protection against moisture effects. On the other hand, polyethylene, as well as LDPE, packaging materials had a greater deterioration rate due to their poor barrier properties.

 



Table 1: Different pretreatment methods used
	Parameter 
	Preparation method 
	Sample 

	Control                                          
	 Untreated
	A

	5% salt solution
	10 min deeping 
	B

	5% citric acid 
	10 min deeping 
	C

	5%Lemon juice 
	 10 min deeping
	D

	Hot water (80 ½ C)
	5 min deeping 
	E



Table 2: Proximate analysis of fully unripen bananas
	Parameters 
	Values (db%)

	Moisture (wb) 
Crude protein 
Crude fat 
Ash 
Crude fiber 
Carbohydrates 
	69.08±0.377 
3.72±0.0221 
0.91±0.06 
2.75±0.091 
1.65±0.011 
90.94±0.25 


Values are the means of three determinations. The values in the parentheses are the standard deviation. 
















Table 3   Proximate analysis of best sample
	Parameters 
	Sample A (Control) 
	Sample D (Best) 

	Moisture (%, db)
Crude protein (%, db) 
Crude fat (%, db) 
Crude fiber (%, db) 
Total ash (%, db) 
Carbohydrates 
	2.12a±0.06 
2.02a±0.05 
36.16a±0.151 
7.37a±0.08 
1.86a±0.02 
52.60a±0.31 
	2.04b±0.115 
2.05a±0.03  
26.10b±0.11 
7.90b±0.07 
1.92a±0.03 
62.03b±0.24 


*Values are the means of three determinations. The values in the parentheses are the standard deviation. 

[bookmark: _GoBack]Preparation steps for banana chips
 Selection of fresh, mature, unripe banana(D) Dip in 5% lemon (10 minutes)

Peeling of Banana 
Slicing Banana (2-3mm thickness)
Pretreatment of Slices 
(C) Soak in 5% citric acid (10 minutes)
(B) Soak in 5% salt solution (10 minutes)
(E) Blanch in hot water 80 ̊C 5 minutes)


 
Drain excess solution
               Drying(55-60°C) for 30-40 minutes  
Frying (120-180 ̊C)
Draining/Removing excess oil
Cooling the chips
Packaging in air-tight, moisture-resistant material
Fig. 1     Flow-sheet for the preparation of banana chips 
Source: Anurag and Dr. Chauhan (2018)


Fig. 2 Mean sensory score for the appearance and color



Fig. 3    Mean sensory score for the flavor




Fig. 4    Mean sensory score for the crispiness


Fig. 5    Mean sensory score for the overall acceptability






Fig. 6 Change in acid value during storage of best sample 


Fig. 7 Change in peroxide value during storage of best sample 
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0.42199999999999999	0.316	0.42159999999999997	0.52700000000000002	0.48299999999999998	0.42199999999999999	0.316	0.42159999999999997	0.52700000000000002	0.48299999999999998	A	B	C	D	E	5.2	6.9	6.2	8.5	6.7	Sample


Mean sensory score



a
b
b
c
b

0.56699999999999995	0.51600000000000001	0.21299999999999999	0.52700000000000002	0.34	0.56699999999999995	0.51600000000000001	0.21299999999999999	0.52700000000000002	0.34	A	B	C	D	E	4.9000000000000004	6.6	7	8.5	7	Samples


Mean sensory score



a
b
b
c
b

0.31619999999999998	0.48299999999999998	0.48299999999999998	0.52700000000000002	0.23100000000000001	0.31619999999999998	0.48299999999999998	0.48299999999999998	0.52700000000000002	0.23100000000000001	A	B	C	D	E	5.0999999999999996	6.7	6.7	8.5	7	Samples


Mean sensory score



Polythene	0	10	20	30	0.42199999999999999	2.46	2.52	3.58	LDPE	0	10	20	30	0.42199999999999999	2.34	2.42	3.18	Laminated 	0	10	20	30	0.42199999999999999	0.46	0.52	0.57999999999999996	Storage days


Acid value 




Polythene	0	10	20	30	0.64	3.29	4.1399999999999997	4.6500000000000004	LDPE	0	10	20	30	0.64	2.21	3.14	4.3499999999999996	 Laminated	0	10	20	30	0.64	0.68	0.74	0.8	Storage days


Peroxide value 




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image1.jpeg




image2.jpeg




