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Application of carboxymethyl cellulose and lemongrass essential oil edible coating to improve quality of minimally processed pomegranate arils
		
Abstract
The present study was carried out to investigate the effect of carboxymethyl cellulose (CMC) edible coating incorporated with Lemongrass essential (LGEO) oil for extending the shelf life of pomegranate arils. CMC was used at concentrations of 0.25%, 0.50%, and 0.75% and incorporated with LGEO at 400 ppm and 800 ppm. The coated arils were packed in polypropylene trays and store at 4°C and 95% RH. During the storage period of 20 days, observations were recorded for the physico-chemical and sensory quality attributes of stored arils on four days intervals. The results revealed that during the storage period, physiological loss in weight of arils steadily increased; however, the coating resulted in retention in some amount of moisture and thus, lower weight loss occurred in the coated arils. Compared to uncoated arils, all the coating treatments resulted in extending shelf life while maintaining optimum quality. Among all the edible coatings of CMC+LGEO, CMC (0.75%) + LGEO (800 ppm) coated arils of pomegranate showed best results for Physiological loss in weight (PLW), bulk density, arils diameter, Solouble solid content (SSC), Titrable acidity, Total sugars, Ascorbic acid, Total anthocyanin content throughout the storage period. An increasing tendency in PLW was recorded throughout the storage period, with weight loss up to 4.64%; however, the coating had reduced effect of moisture migration from the arils with additional water retention. The SSC of coated arils ranged from 12.84 to 12.95 while uncoated arils had recorded 12.85 of SSC at the end of storage.  The coating also resulted in better retention of bioactive components such as ascorbic acid and anthocyanin. CMC+LGEO, CMC (0.25%) + LGEO (400 ppm) and CMC+LGEO, CMC (0.50%) + LGEO (400 ppm) show superiority in terms of organoleptic score for aril aroma, taste, texture, juiciness, and overall acceptance.
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Introduction:
Pomegranate (Punica granatum L.) is one of the important fruit crops in India. Pomegranate is mainly consumed fresh or processed into beverage, wine, jam, jelly, anardana (processed pomegranate seeds), and other value added products. The fruit exhibits high antioxidant activity owing to its bioactive components primarily ellagic acid, gallic acid, punicalagin, anthocyanins, flavonoids, and tannins (Sreekumar et al., 2014; Abid et al., 2017). Membranous walls and white spongy tissue separates the interior of the fruit into various compartments packed with the arils. Pomegranate arils are transparent sacs filled with fleshy, juicy, red pulp. The arils are the edible portion of the pomegranate fruit, which constitutes about 55–60% of the total fruit weight (Allahdad et al., 2019). The arils are valued for their mild aromatic flavor and sweet, acidic, refreshing taste.  
The demand for minimally processed pomegranate arils is rising because of their high economic significance, convenience, healthfullness, and appealing qualities. Changing food consumption patterns, especially among urban consumers due to their evolving lifestyles, further contribute to the growing demand for minimally processed arils. However, consumption of arils as a minimally processed product is still limited due to the difficulties of their extraction from the fruit and challenges for its preservation. The arils extracted from fruits have a limited storage life due to their exposure to the environment and tissues damages resulting from processing operations of separation, packaging, and storage. Aril damage may lead to an increase in the rate of respiration and ethylene production rates, which is higher than the whole fruit stored at the same temperature. Processing also alters metabolic activity in the arils and increases the rate of deterioration of nutritional components and adversely affects sensory attributes of the arils, and it ultimately shortens shelf life of the arils. 
Many strategies have been devised to satisfy consumer demand for convenient, high-quality, ready-to-eat pomegranate arils with natural, fresh flavors. Active-modified atmospheric packaging (Rokalla et al., 2022), passive-modified atmosphere packaging (Caleb et al., 2013), low and super atmospheric oxygen packaging (Belay et al., 2017), edible coatings (Ozdemir and Gokmen, 2017), and irradiation (Ashtari et al., 2019) are some of the approaches to extend shelf life of pomegranate arils. An edible coating of minimally processed pomegranate arils found to be a novel method to improve the commercial feasibility of the pomegranate products. Edible coatings are thin layers of edible material applied on the surface of the commodity to provide a barrier to moisture and gaseous movements (McHugh and Senesi, 2000). These edible coatings act as barrier during processing, handling, and storage of fruits and vegetables. Several active ingredients, such as antimicrobial agents can be incorporated into the polymer matrix of edible coating to enhance quality and extend shelf life of minimally processed pomegranate arils. The present investigation was carried out for the application CMC coating incorporated with lemongrass oil for minimally processed pomegranate arils.
Currently, there is an increasing interest in the use of CMC in the food industry as a component of functional foods, particularly in drinks, beverages, and ice creams. Carboxymethyl cellulose (CMC) is a water soluble polysaccharide derivative of cellulose obtained by the etherification process. It is widely used in pharmaceutical, textile and food industries due to its suitable barrier and mechanical properties. In foods, CMC is commonly used as thickeners, stabilizer, moisture binders, and emulsifiers in processed food products. As an edible coating material, CMC is suitable material for preservation and extending shelf life of fresh as well as minimally processed fruits and vegetables. The CMC solution is clear, tasteless, odorless, physiologically inert, and also prevent gravitational separation of suspended particles (Ali et al., 2022). CMC as a coating material could help to increase the shelf life and maintain the quality of the coomodity by forming a barrier to gases, reducing water loss, preventing microbiological growth, and decreasing weight loss (Rahman et al., 2021). CMC based edible coating has been applied in case of strawberries (Noshirwani et al. 2023), mangoes (Ali et al., 2022), apples (Saba and Sogvar, 2016), avocado (Tesfay et al., 2017), peach (Hussain et al., 2016), kiwifruit (Iqbal et al., 2024), tomato (Das et al., 2022). In addition, incorporation of essential oils such as lemongrass oil into edible coatings shows great potential to prolong shelf life of arils and improve the quality of the arils due to their antimicrobial and antioxidant properties as well as its ability to enhance the aroma of the product. The edible coating can reduce the influence of essential oils on the flavor of the product and also can prolong the action time of essential oils through the slow-release effect, which effectively promotes the application of essential oils in edible coating. Thus, a combination of CMC and lemongrass oil could be effective in extending storage life and quality of arils. In the present study, various combinations of CMC and lemongrass oil was employed for coating of arils and different quality attributes of the arils were evaluated at fixed time intervals during the storage.
2. Materials and Methods
2.1 Processing of pomegranate arils
Pomegranate of optimum stage of maturity, free from pests and diseases was purchased from the local market. Fruits were selected for uniformity in shape, color, and free from any defects (sunburn, cracking, and bruising). The arils from fruits were extracted manually after splitting the fruit at the equatorial zone with the help of a sterilized knife under a sterile conditions in a disinfected chamber. Arils were washed in sterile distilled water. After rinsing, arils were held in a sieve tray for about 30 min to remove excess water. Arils were then kept under UV treatment for 10 minutes. The material used for minimally processed coatings was CMC (0.25, 0.50, and 0.75% w/v) and lemongrass essential oil (LGEO) (400 and 800 ppm). Arils were dipped in a solution of coatings (CMC+LGEO) for 5 minutes and kept on a sieve tray for about 30 minutes to remove excess solution. All arils were air-dried at room temperature for 30 min. Then, arils of each group were randomly distributed into polystyrene boxes, each box containing about 150 g, and stored at 40C with 95% relative humidity.
2.2 Physico-chemical properties of arils
2.2.1 Physiological Loss in Weight (PLW)
For determining the PLW, arils were weighed before imposing the treatment and noted as the initial weight. The loss in weight of arils after the removal of coting solution was recorded at four-day intervals until the end of shelf life. The PLW of arils was determined by using the following formula and expressed as a percentage.

2.2.2 Bulk density
	Bulk density which is defined as the ratio of the mass of the sample to its container volume, was calculated as per the procedure suggested by Barych (2000).

Where, Pb=g/cm3M= mass of Pomegranate arils in gm. V= volume
2.2.3 Soluble solids Content (SSC)
SSC was determined with the help of hand refractometer of range 0-45°Brix. The SSC was recorded by placing 1-2 drops of the aril extract on the prism of a hand refractometer. The result was expressed as (°Brix).
2.2.4 Titrable Acidity
Titrable acidity was calculated by titrating a known volume of the diluted sample against 0.1N NaOH using phenolphthalein as an indicator up to faint pink end point (Ranganna, 1986). The titrable acidity was calculated by using formula and expressed in terms of percent citric acid.

2.2.5 Total Sugar
A known volume of aliquot was taken and the volume was made up to 1 mL with distilled water. One mL of phenol solution (5%) was added to each test tube followed by addition of 5 mL H2SO4 (96%) after 10 minutes. The OD of the sample was recorded at 490 nm with the help of a UV-Vis spectrophotometer (UV-1800, Shimadzu, Japan). The standard curve of glucose was used for estimating sugar content in the sample.
2.3 Bioactive components of arils
2.3.1 Ascorbic acid
Ascorbic acid was determined by using the 2, 6-dichlorophenol-indophenols visual titration method. For standardization of dye, 5 mL of the standard ascorbic acid (0.1mg/ml) and 5 mL of 3% Meta-phosphoric acid were mixed and titrated with the dye solution to the Pink colour. Samples were individually prepared in 3% Meta-phosphoric acid solution. Out of this prepared sample, a known aliquot was taken and titrated against the 2,6-dichlorophenol-indophenol dye solution till the pink end point obtained which persisted for at least 15sec. The ascorbic acid was calculated as the formula given below and expressed in mg/100g.


2.3.2 Anthocyanin
Anthocyanin content was determined by method given by Barnes (2005) which is based on the anthocyanin structural transformation that occurs with a change in pH (colored at pH 1.0 and colorless at pH 4.5). The anthocyanin content was expressed as cyanidin-3-glucoside equivalents, as follows:

Where A = (A520 nm – A700 nm), pH 1.0 – (A520 nm – A700 nm), pH 4.5; MW (molecular weight) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu); DF = dilution factor established in D; l = path length in cm; ( = 26 900 molar extinction coefficient, in L & mol –1 & cm–1 , for cyd-3-glu; and 103 = factor for conversion from g to mg.
2.4 Sensory evaluation 
The sensory attributes of minimally processed pomegranate arils were evaluated for characteristics like taste, aroma, texture, juiciness and overall acceptability by a panel of 10 semi-trained persons from the Department of Postharvest Technology. The evaluation employed a 9-point hedonic scale, with scores as follows: 9=like extremely, 8=like very much, 7=like moderately, 6=like slightly, 5=neither like nor dislike, 4=dislike slightly, 3=dislike moderately, 2= dislike very much, 1= dislike extremely.
2.5 Statistical analysis
The data collected were analyzed statistically using two way factorial completely randomized design as per the procedure outlined by Panse and Sukhatme (1985) and valid conclusions were drawn only on significant difference between treatments.
3. Results and Discussions
3.1 Effect of coating on physico-chemical properties of arils
3.1.1 Physiological loss in weight 
The loss in weight of the arils during the storage was due to migration of the moisture to the surrounding environment. This weight loss is expressed as physiological loss in weight (PLW) as the metabolic processes such as respiration and transpiration had a major role in the moisture migration from the arils. The PLW directly influences the quality of arils and determines its shelf life. The changes in PLW of minimally processed arils coated with CMC and LGEO are depicted in Fig. 1. The results indicated that there was a gradual increase in PLW during the storage of both coated and uncoated arils; however, the coating treatment significantly influenced the PLW. After 28 days of storage at 40C, lowest PLW (%) of arils was recorded in CMC (0.75%) + LGEO (400 PPM) and CMC (0.75%) + LGEO (800 PPM) among the coated arils. An increasing tendency in PLW was recorded for the control throughout the storage period, with weight loss up to 4.64% (Uncoated arils). The positive effect of CMC on PLW of arils might be due to the hygroscopic nature of the CMC and the ability of the coating material with lemongrass oil to form a barrier to water between the arils and the outer environment. These results are in accordance with similar studies by Salma et al., (2012), Caleb et al., (2013), Yousuf and Srivastava (2017). LGEO with CMC coating may also have played important role in preventing moisture loss from arils. Ayub et al., (2020) observed that essential oils showed significant lower weight loss on peach fruit. Similar findings for essential oil coating on apple were recorded by Shirzadeh & Kameni (2012). Ibrahim et al. (2017) also found that application of lemongrass oil with the coating material could be an effective strategy in reducing the weight loss of fruits. It is noteworthy to report that the PLW of arils during the storage period was well within the limit for the marketability. In the earlier study, Nunes (2015) reported that the loss in weight of the fruit up to 4 to 5% during the storage may not significantly affect its freshness.
3.1.2 Bulk density 
Bulk density of arils is one of the important physical parameters. Any changes in bulk density of arils during the storage period provide valuable insight into weight loss-related changes and the quality of the arils. The bulk density of arils was significantly affected by the application of edible coatings, as illustrated in Fig. 2. The bulk density of pomegranate arils during the early stage of the storage period was significantly higher, whereas the density was found to be rapidly declined at the end of the storage period under all the treatment conditions. The control samples recorded significantly lowest bulk density values than the coated arils. On 28th day of storage, arils treated with CMC (0.75%) + LGEO (800 PPM) had shown highest Bulk density value (0.63 g/cm3). Among the coated arils, CMC (0.25%) + LGEO (400 PPM) treatment showed lowest bulk density throughout the storage period. It was also observed that at 0.50% and 0.75% concentration of CMC, increase in incorporation of LGEO non-significantly affected bulk density of arils. However at low concentration of 0.25% CMC, incorporation of 800ppm LGEO had significant effect on bulk density of arils. It was also observed that incorporation of lemongrass oil in the coating material resulted in no significant changes in the bulk density of the stored arils. 
3.1.3 pH
The changes in pH activity of pomegranate arils coated with different concentrations of CMC and LGEO and stored at a temperature of 40C were graphically presented in Fig. 3. The results revealed that, as compared to uncoated arils, least changes were noticed in the pH of the treated arils. It was also observed that pH of arils steadily increases up to the 8th day of storage and thereafter it decreases gradually at the end of the storage period. A pH decline during the later stage of storage of arils indicates generation of organic acids due to breakdown of sugar. Significantly higher pH activity of pomegranate arils was recorded in arils coated with CMC (0.75%) + LGEO (400 PPM) (3.51, 3.49, 3.48, 3.31, 3.21, 3.15, 3.09 and 2.922 on day 0, 4, 8, 12, 16, 20, 24 and 28 respectively) and CMC (0.75%) + LGEO (800 PPM) (3.51, 3.49, 3.48, 3.32, 3.21, 3.15 and 3.08  on day 0, 4, 8, 12, 16, 20 and 24 respectively). Control recorded pH values of 3.45, 3.46, 3.46, 3.39, 3.28 3.12 and 2.99 on day 0, 4, 8, 12, 16 and 20 respectively. The control recorded significantly lowest pH values than coated arils throughout the storage period, indicating the efficacy of coating materials in preventing decay of the arils during the storage period. Our findings also revealed that the concentration of lemongrass oil had a non-significant effect on pH values of stored arils. Thus, it could be deduced that in comparison to lemongrass oil, the CMC coating had more protective effect for controlling decay and pH of arils during the storage.
3.1.4 Soluble solids content (SSC) 
The result pertaining to soluble solid content (SSC) of minimally processed pomegranate arils during the storage period is illustrated in Fig. 4. At the end of the storage period, the SSC of coated arils ranged from 12.84 to 12.95 while uncoated arils had recorded 12.85 of SSC at the end of storage. As revealed from the data, slight variations in the SSC were recorded in the coated arils during the storage as compared to that of uncoated arils. The SSC of coated arils was observed to be slightly increased on the 8th day of storage and thereafter declined gradually for the remaining period of storage. Arils coated with CMC (0.55%) + LGEO (800 PPM) showed the highest SSC on 8th day of storage. The increase in SSC during the initial stage may be attributed to the rapid conversion of starches and other polysaccharides in to sugar or increased respiration and transpiration as reported by Bhuller and Farmahan (1980) in kinnow mandarin. Low respiration rate at cold storage resulted in highest retention of soluble solids during the storage period. Treatment of CMC (0.75 %) + LGEO (400 PPM) and CMC (0.75 %) + LGEO (800 PPM)  coating observed to be the most effective in reducing TSS content when compared  to the other treatments. Similar results for chitosan coating on pomegranate arils with respect to reduction in TSS were recorded by Zahran et al. (2015). It was also recorded during the study that with increased incorporation of LGEO with CMC as coating material resulted in a decline in SSC throughout the storage period.
3.1.5 Titrable acidity 
CMC + LGEO coating treatments significantly affected titratable acidity of minimally processed pomegranate (Fig. 5). The titratable acidity of pomegranate arils decreased gradually at each successive interval of the storage period under all the treatment conditions Arils treated with CMC (0.75%) + LGEO (400 PPM) and CMC (0.75%) + LGEO (800 PPM) recorded significantly highest value of titrable acidity throughout the storage period. However, as compared to the coating treatments, control recorded lowest titrable acidity during the storage. A gradual decrease in titratable acidity may be due to delayed metabolic changes and slow conversion of organic acids to sugars and their further utilization in other metabolic processes (Abbasi et al., 2009). Increased incorporation of lemongrass oil with CMC coating was found to have a significant effect on titratable acidity of the arils. During the initial phase of storage, titratable acidity increases, whereas at a later stage of storage, the acidity was observed to be declined rapidly. Based on the results obtained it may be concluded that pomegranate arils coated with CMC(0.75%) + LGEO (400 PPM) and CMC(0.75%) + LGEO (800 PPM) was found the best coating in maintain the titrable acidity with minimal changes during the entire storage period compared to all other coatings.
3.1.6 Total sugar 
Total sugar content of minimally processed pomegranate arils was significantly affected by coating material treatments and storage duration (Fig. 6). Arils treated with CMC (0.75%) + LGEO (800 PPM) recorded significantly higher values of total sugars throughout the storage duration. Lowest values of total sugars recorded in CMC (0.25%) + LGEO (400 PPM) at the end of storage period. During the initial period of storage, total sugar in the stored ails was found to be increased, whereas in the later part of the storage, a rapid decline was observed in the total sugars content. A decline in sugar content was due to the utilization of sugars as a substrate in metabolic processes. A similar trend in sugar content during storage of apple was reported by Rocha et al. (2003). 
3.2 Effect of coating on bioactive components of arils
Many health benefits are owing to its bioactive compounds, mainly ascorbic acid and anthocyanin. The bioactive compounds impart anti-inflammatory, antibacterial, and antioxidant properties to the arils. It thus becomes imperative to monitor any change in concentration of bioactive compounds during the storage of minimally processed pomegranate arils.
3.2.1 Ascorbic acid 
Ascorbic acid content of the arils was influenced by edible coating with CMC and lemongrass oil at different concentrations (Table 1). It is evident from the data that ascorbic acid content of pomegranate arils treated with different concentrations of CMC coating gradually steadily increased with passage of time up to 12th day and then onwards decreased at each successive interval of the storage. The significantly highest ascorbic acid content of pomegranate arils was recorded in arils coated with CMC (0.75 %) + LGEO 800 ppm throughout the storage period. As compared to coated arils, a significantly lowest ascorbic acid was recorded in case of uncoated arils during the storage period. It is noteworthy to reveal that as compared to uncoated arils, the coating treatments resulted in greater retention of ascorbic acid during the storage period. Thus, coating with CMC and lemongrass oil could be an effective strategy to improve the bioactive potential of the arils during the storage period. Similar observations for ascorbic acid content were recorded by Tulin et al., (2011) in pomegranate arils treated with glycerol plus oleum nigella. 
3.2.2 Total anthocyanin 
The total anthocyanin content of pomegranate arils was influenced by the edible coating with CMC and LGEO at different concentrations (Table 2). Arils treated with CMC (0.75%) +LGEO (800 PPM) recorded significantly higher anthocyanin content throughout the storage period. Among the coated arils, CMC (0.25%) +LGEO (800 PPM) recorded the significantly lowest total anthocyanin content during the storage period. Our findings also revealed that with an increase in the concentration of lemongrass oil in the coating, a lower amount of anthocyanin was retained in the arils. Thus, CMC coating had a more prominent role to play for better retention of anthocyanin in the arils.
3.3 Effect of coating on sensory properties of arils
	The coating treatments with CMC and lemongrass oil had shown major influence on sensory attributes of the arils. The sensory attributes were evaluated for aroma, taste, texture, and juiciness of the arils, and the results were represented in Table 3. All the treatment conditions resulted in acceptable sensory scores of arils up to 28th day of storage. The highest sensory score was recorded in CMC (0.25 %) + LGEO (400 ppm) (8.6) followed by CMC (0.50 %) + LGEO (400 ppm) (8.4) while the lowest score was recorded in CMC (0.75 %) + LGEO (800 ppm) (7.6).  It was also observed that the coating treatment resulted in improved aroma and taste of the arils. The synergistic effect of lemongrass oil along with CMC as coating material may have contributed to the greater sensory score given by the panelists for the coated arils. The juiciness of arils was also retained throughout the storage period. 
Conclusion
Based on the results obtained from the study, it is concluded that CMC along with lemongrass oil could be an effective strategy to prevent qualitatiative loss of minimally processed pomegranate arils under the cold storage conditions. The coating resulted in better retention moisture, total sugars and acids in the arils along with bioactive components such as ascorbic acid and anthocyanin. The arils coated with CMC and lemongrass oil are thus having enhanced bioactive potential and better sensory attributes at the end of storage period. 
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Table 1:  Effect of CMC and LGEO on Ascorbic acid (mg/100gm) of arils
	Treatments
	Days of storage

	
	T
	0
	4
	8
	12
	16
	20
	24
	28
	Mean

	Control
	
	58.01
	57.23
	56.54
	54.76
	52.82
	49.68
	46.12
	43.59
	52.34

	CMC (0.25 %) + LGEO (400 ppm)
	T1
	58.32
	57.98
	56.10
	54.89
	52.50
	49.88
	47.06
	45.82
	52.82

	CMC (0.50 %) + LGEO (400 ppm)
	T2
	58.60
	57.86
	56.93
	54.50
	52.68
	49.81
	47.11
	45.92
	52.92

	CMC (0.75 %) + LGEO (400 ppm)
	T3
	58.92
	57.84
	56.32
	54.93
	52.54
	49.31
	47.23
	45.87
	52.87

	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	58.35
	57.55
	56.04
	54.84
	52.56
	49.63
	47.13
	45.73
	52.73

	CMC (0.50 %) + LGEO (800 ppm)
	T5
	58.62
	57.91
	56.31
	54.20
	52.56
	49.59
	47.24
	45.77
	52.77

	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	58.95
	57.48
	56.89
	54.67
	52.01
	49.32
	47.40
	47.82
	53.07

	Mean
	
	58.54
	57.69
	56.44
	54.68
	52.52
	49.60
	47.04
	45.79
	

	CD (0.05) Treatment (T) =  0.051 Storage interval (I) =  0.026 T x I = 0.137


Table 2: Effect of CMC and LGEO on Total Anthocyanin content (mg/100 ml) of arils
	Treatments
	Days of storage

	
	T
	0
	4
	8
	12
	16
	20
	24
	28
	Mean

	Control
	
	77.93
	76.31
	74.76
	74.91
	71.07
	72.34
	69.15
	66.18
	72.90

	CMC (0.25 %) + LGEO (400 ppm)
	T1
	77.54
	76.23
	75.34
	74.67
	72.56
	71.32
	69.15
	66.53
	72.95

	CMC (0.50 %) + LGEO (400 ppm)
	T2
	77.76
	76.65
	75.43
	74.28
	72.98
	71.02
	69.77
	66.88
	73.10

	CMC (0.75 %) + LGEO (400 ppm)
	T3
	77.98
	76.98
	74.98
	73.02
	72.34
	70.71
	69.91
	66.9
	72.82

	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	77.51
	76.17
	74.85
	73.15
	72.19
	70.5
	69.22
	66.37
	72.53

	CMC (0.50 %) + LGEO (800 ppm)
	T5
	77.73
	76.43
	75.62
	74.53
	73.06
	71.73
	69.79
	66.92
	73.12

	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	77.93
	76.87
	75.66
	74.21
	73.04
	71.41
	69.99
	66.85
	73.15

	Mean
	
	77.76
	76.52
	75.23
	74.11
	72.46
	71.29
	69.56
	66.18
	

	CD (0.05) Treatment (T) =  0.072 Storage interval (I) =  0.046 T x I = 0.196





Table 3: Effect of CMC and LGEO on sensory attributes of arils
	Treatments
	Days of storage

	
	T
	0
	14
	28

	Aroma
	Control
	
	8.3
	6.1
	4

	
	CMC (0.25 %) + LGEO (400 ppm)
	T1
	8.6
	7.33
	5.2

	
	CMC (0.50 %) + LGEO (400 ppm)
	T2
	8.4
	7.25
	5.15

	
	CMC (0.75 %) + LGEO (400 ppm)
	T3
	8
	6.9
	5.6

	
	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	7.9
	6.8
	4.5

	
	CMC (0.50 %) + LGEO (800 ppm)
	T5
	7.7
	6.5
	4.3

	
	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	7.6
	6.3
	4.1

	Taste
	Control
	
	8.3
	6.1
	4

	
	CMC (0.25 %) + LGEO (400 ppm)
	T1
	8.8
	7.6
	5.3

	
	CMC (0.50 %) + LGEO (400 ppm)
	T2
	8.6
	7.4
	5.2

	
	CMC (0.75 %) + LGEO (400 ppm)
	T3
	8.45
	7.3
	5.15

	
	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	8.5
	7.25
	5.1

	
	CMC (0.50 %) + LGEO (800 ppm)
	T5
	8.3
	7.1
	5.05

	
	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	8.2
	7.5
	5.5

	Texture
	Control
	
	8.3
	6.1
	4

	
	CMC (0.25 %) + LGEO (400 ppm)
	T1
	8.7
	7.5
	5.3

	
	CMC (0.50 %) + LGEO (400 ppm)
	T2
	8.6
	7.3
	5.1

	
	CMC (0.75 %) + LGEO (400 ppm)
	T3
	8.4
	7.2
	5.05

	
	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	8.3
	7.1
	4.95

	
	CMC (0.50 %) + LGEO (800 ppm)
	T5
	8.15
	6.95
	4.9

	
	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	8.05
	6.8
	4.85

	Juiciness
	Control
	
	8.3
	6.1
	4

	
	CMC (0.25 %) + LGEO (400 ppm)
	T1
	8.5
	7.3
	5.3

	
	CMC (0.50 %) + LGEO (400 ppm)
	T2
	8.45
	7.2
	5.2

	
	CMC (0.75 %) + LGEO (400 ppm)
	T3
	8.4
	7.15
	5.1

	
	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	8.4
	7.2
	5.15

	
	CMC (0.50 %) + LGEO (800 ppm)
	T5
	8.3
	7.1
	5.05

	
	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	8.35
	7.05
	5

	Overall acceptability
	Control
	
	8.3
	6.1
	4

	
	CMC (0.25 %) + LGEO (400 ppm)
	T1
	8.65
	7.43
	5.27

	
	CMC (0.50 %) + LGEO (400 ppm)
	T2
	8.51
	7.28
	5.16

	
	CMC (0.75 %) + LGEO (400 ppm)
	T3
	8.31
	7.13
	5.22

	
	CMC  (0.25 %) + LGEO (800 ppm)
	T4
	8.27
	7.08
	4.92

	
	CMC (0.50 %) + LGEO (800 ppm)
	T5
	8.11
	6.91
	4.82

	
	CMC  (0.75 %) + LGEO (800 ppm)
	T6
	8.05
	6.91
	4.86




Figure 1: Effect of CMC and LGEO on PLW (%) of arils

Figure 2: Effect of CMC and LGEO on Bulk density of arils (gm/cm3)

Figure 3: Effect of CMC and LGEO on pH of arils

Figure 4: Effect of CMC and LGEO on SSC of arils (0Brix)

Figure 5: Effect of CMC and LGEO on Titrable acidity (%) of arils

Figure 6: Effect of CMC and LGEO on Total sugar (%) of arils
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Fig 7: CMC and LGEO coated pomegranate arils
CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.581	1.859	2.2570000000000001	2.6109999999999998	3.0759999999999987	3.5070000000000001	3.9969999999999977	4.641	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.5069999999999899	1.702000000000004	2.298	2.3309999999999977	2.6930000000000001	3.05	3.504	4.05	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.605	1.8069999999999911	2.1280000000000001	2.4489999999999998	2.7970000000000002	3.0909999999999997	3.4739999999999998	4.0780000000000003	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.7849999999999946	1.9969999999999952	2.13	2.3979999999999997	2.669	2.9009999999999998	3.3349999999999977	3.7589999999999999	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.5109999999999901	1.7500000000000049	2.2749999999999999	2.3449999999999998	2.766	3.097	3.5009999999999999	4.0629999999999855	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.601	1.8029999999999911	2.1109999999999998	2.4589999999999987	2.79	3.0939999999999999	3.4709999999999988	4.0750000000000002	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	1.7900000000000049	1.9469999999999947	2.1240000000000001	2.3899999999999997	2.6859999999999999	2.9499999999999997	3.3319999999999967	3.7589999999999999	Physiological Loss in Weight (%) 

CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.636000000000006	0.62700000000000566	0.61800000000000532	0.60900000000000065	0.59099999999999997	0.58099999999999996	0.57199999999999995	0.56299999999999994	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.64900000000000602	0.66100000000000692	0.65800000000000691	0.64200000000000601	0.64100000000000601	0.63900000000000601	0.61100000000000065	0.58499999999999996	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.65700000000000691	0.65300000000000646	0.64100000000000601	0.64500000000000601	0.64900000000000602	0.63800000000000601	0.62500000000000544	0.60900000000000065	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.66900000000000692	0.66100000000000692	0.65900000000000691	0.65000000000000613	0.64900000000000602	0.64100000000000601	0.633000000000006	0.62200000000000533	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.64700000000000601	0.64500000000000601	0.64200000000000601	0.63900000000000601	0.635000000000006	0.633000000000006	0.62100000000000533	0.60800000000000065	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.65900000000000691	0.66100000000000692	0.65700000000000691	0.65000000000000613	0.64900000000000602	0.636000000000006	0.62500000000000544	0.61300000000000165	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.66700000000000692	0.66700000000000692	0.65700000000000691	0.6550000000000068	0.64200000000000601	0.63900000000000601	0.636000000000006	0.62900000000000589	Bulk density (g/cm3)


CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.4509999999999987	3.4559999999999977	3.4589999999999987	3.3949999999999987	3.2840000000000011	3.198	2.9959999999999987	2.782	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.4779999999999998	3.4409999999999998	3.4239999999999999	3.3149999999999977	3.2130000000000001	3.1259999999999999	3.0030000000000001	2.8849999999999998	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.4979999999999998	3.4409999999999998	3.464	3.3449999999999998	3.2330000000000001	3.141	3.0430000000000001	2.8919999999999977	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.508	3.4909999999999997	3.484	3.3149999999999977	3.2130000000000001	3.1539999999999999	3.093	2.9219999999999997	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.468	3.4309999999999987	3.4139999999999997	3.3049999999999997	3.2029999999999998	3.1259999999999999	2.9949999999999997	2.8769999999999967	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.4909999999999997	3.4409999999999998	3.4569999999999967	3.3319999999999967	3.2109999999999999	3.133	3.0329999999999977	2.8949999999999987	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	3.5119999999999987	3.4929999999999977	3.4809999999999999	3.3219999999999987	3.2090000000000001	3.149	3.0859999999999999	2.9169999999999967	pH

CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.52	14.75	14.66	14.52	13.74	13.154	13.04	12.8	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.59	14.78	14.71	14.31	13.94	13.51	13.11	12.835000000000004	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.72	14.79	14.860000000000024	14.49	13.99	13.69	13.22	12.921000000000001	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.81	14.91	14.83	14.57	14.11	13.950000000000006	13.41	12.957000000000004	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.43	14.51	14.59	14.17	13.98	13.54	13.14	12.849	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.78	14.84	14.89	14.52	14.13	13.69	13.25	12.913	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.88	14.96	14.88	14.59	14.27	13.98	13.47	12.972000000000024	SSC (0Brix)

CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.57700000000000062	0.57900000000000063	0.57500000000000062	0.56000000000000005	0.55200000000000005	0.54300000000000004	0.53700000000000003	0.52900000000000003	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.58099999999999996	0.58299999999999996	0.58099999999999996	0.57900000000000063	0.56100000000000005	0.55800000000000005	0.54300000000000004	0.53800000000000003	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.58799999999999997	0.58899999999999997	0.58699999999999997	0.57099999999999995	0.56399999999999995	0.55900000000000005	0.54900000000000004	0.53700000000000003	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.59599999999999997	0.59099999999999997	0.59399999999999997	0.58299999999999996	0.57299999999999995	0.56699999999999995	0.55200000000000005	0.53900000000000003	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.58399999999999996	0.58499999999999996	0.58299999999999996	0.57600000000000062	0.56299999999999994	0.55100000000000005	0.54100000000000004	0.52800000000000002	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.58899999999999997	0.58899999999999997	0.58099999999999996	0.57299999999999995	0.56699999999999995	0.55900000000000005	0.54900000000000004	0.53700000000000003	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	0.59799999999999998	0.59899999999999998	0.59499999999999997	0.58499999999999996	0.57399999999999995	0.56200000000000061	0.55600000000000005	0.54700000000000004	Titrable acidity (%)

CONTROL	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.015000000000002	14.187000000000001	14.215	14.148	14.051	13.765000000000002	13.395000000000024	12.868	T1	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.113	14.202	14.295	14.2	14.031000000000001	13.825000000000006	13.553000000000004	13.101000000000001	T2	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.151	14.211	14.253	14.201000000000001	14.044	13.812000000000006	13.579000000000002	13.105	T3	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.236000000000001	14.359000000000071	14.372000000000071	14.291	14.171000000000001	13.932	13.601000000000001	13.217000000000001	T4	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.118	14.225	14.298999999999999	14.201000000000001	14.041	13.918000000000001	13.556000000000004	13.051	T5	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.162000000000004	14.223000000000001	14.261000000000001	14.225	14.061	13.865000000000078	13.598000000000001	13.156000000000002	T6	0 Day	4 Day	8 Day	12 Day	16 Day	20 Day	24 Day	28 Day	14.233000000000001	14.328000000000001	14.397	14.297000000000001	14.129	13.907	13.619	13.213000000000001	Total Sugar (%) 
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