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Enhancing Shelf Life and Quality of Assam Lemon Using Carboxy Methyl Cellulose Edible Coatings
                                                                                     Abstract
Numerous citrus species are found in abundance in the northeastern part of India. One of the significant citrus species that is native to Assam is the Assam lemon. Browning and shrinking of the peel, loss of green colour, loss of firmness, and decreased juice content are the primary storage issues with lemon fruits. By offering a non-toxic edible covering, it would be possible to deliver fresh products to far-off markets. The present investigation was carried out with the objectives to evaluate the effect of edible coating on the qualitative changes of Assam lemon during storage. The treatments include combination of Carboxy Methyl Cellulose, propylene glycol, sodium benzoate. Maximum reducing sugar was found in T₅ (3.40%) and lowest was recorded in control (2.45%). Maximum non-reducing sugar was found in T₅ (1.78%) followed by T₆ (1.76%). The lowest sugar quantity was recorded in T₇ (1.21%) and the highest specific gravity was observed in T₆ (1.02). The highest microbial count was recorded in control (2.95 log cfu/ml) but in the treatment T₅ it was not detectable even after 25th day of storage. The results of the experiment revealed that the application of treatments had significant effect on biochemical and physiological parameter of lemon fruit during storage. The treatment T₅ showed better results followed by T₆ during storage. T₅ treatment was superior as an edible coating and retained better quality with extended storage life as compared to all other treatments. 
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Introduction
Citrus fruits are produced in large quantities as both fresh fruit and processed goods, which makes them important to the economy of our country. Citrus ranks third in India in terms of both production and area, after banana and mango. Citrus accounts for around 14.92% of all fruit acreage and 12.5% of all fruit production in India, with 10.95 million hectares under cultivation and a production of 148 million tons (1). Citrus limon Burm is a citrus species belonging to the Rutaceae family, has many culinary and medicinal applications, and is highly valued in the national economy. The Assam lemon is a native variety of Assam and one of the most widely grown varieties in northeastern India. Also, it has been recently declared as the state fruit of Assam.


The tree is vigorous, spreading, and bushy. Significant amounts of flavonoids are accumulated by the majority of citrus species as their various organs mature (2). This lemon's peel has antifungal and antibacterial qualities and is high in pectin. The incredibly fragrant rind is a major source of commercial essential oil and aroma compounds and is used as a garnish and flavouring agent. After orange and mandarin, lemon is the third most significant citrus species (3). During storage, it is very sensitive (4). Lemon fruit storage issues include browning and peel shrinkage, mold growth, green colour loss, decreased juice content, and firmness loss. Citrus fruits are non-climacteric, but their compounds can change significantly based on storage time and temperature (5). In order to preserve the natural qualities of fresh lemon fruits after harvest and to increase their shelf life, new environmentally friendly solutions may be able to replace chemically synthesized fungicides.

Therefore, the provision of non-hazardous edible coating technologies with the goal of preserving the quality of freshly harvested lemon fruit would allow the possibility of reaching distant markets in fresh form. Therefore, it is necessary to extend the shelf life of Assam lemons in order to prevent deterioration and loss. Since India exports a significant amount of lemon fruit each year, this presents an excellent chance for Indian lemon exporters to grow their business and enter the global market. This can be accomplished by extending the fruits' shelf life and ensuring the safety and health of people by applying edible coatings to the fruits.
Edible coatings are soluble formulations that are applied to food surfaces to create a thin layer of edible film either directly on the food surface or in between different layers of components. (6,7). A low-impact substitute method of prolonging the postharvest life of fresh and minimally processed fruits and vegetables is to apply edible films and coatings. (8,9,10,11). Protein-based edible coatings, polysaccharide-based edible coatings, and lipid-based edible coatings are the three types of edible coatings. The characteristics of the product and the kind of polymeric matrix utilized in the coatings dictate the active agents that are employed. CMC is a long-chain, anionic, linear molecule with a high molecular weight that is derived from cellulose. (12,13). CMC-based natural coatings are typically tasteless, odorless, biodegradable, nontoxic, and nonallergenic. Oils and fats cannot penetrate these transparent, flexible bio coatings. However, according to (7,14,15,16), and others, they are water soluble and have a moderate permeability to moisture, oxygen, and carbon dioxide. CMC coatings work as antifungal and antisenescence agents to slow ripening. (17).In the end, it keeps fruit firm (18,17). In order to effectively control the transfer of oxygen and water, the coatings are also applied to harvested fruit, serving as a barrier against gas exchange between the fruit and its surroundings. (19).

Propylene glycol acts as a plasticizer and helps in the adhering of the coating on the surface. Sodium benzoate has antimicrobial properties and helps in preventing microbial attack during storage.

Materials and Methods
Freshly picked Assamese lemon fruits with consistent size, shape, colour, and maturity were chosen for the study. Average length of fruit was 12 cm and weight was 210 g. The fruits were taken from a farmer of a village in Titabor, Assam, India, which was harvested when they were fully grown, green, and firm. After thoroughly cleaning the fruits with distilled water, they were let to air dry. Various post-harvest treatments were applied to the cleaned fruits afterwards such as- T0 (Control), T1 (2% Propylene Glycol, 1% CMC), T2 (2% Propylene Glycol, 3% CMC), T3 (2% Propylene Glycol, 5% CMC), T4 (2% Propylene Glycol, 1% CMC ,500 ppm Sodium Benzoate), T5 (2% Propylene Glycol, 3% CMC 500 ppm Sodium Benzoate), T6 (2% Propylene Glycol, 5% CMC 500 ppm sodium Benzoate), T7 (1%  bees wax) and T8 (2% bees wax). Lemons that had been treated were stored in corrugated fibre boxes. To store the lemons, nine boxes were used and kept in ambient condition. Corrgated fibre boxes are made in a way that helps stop the spread of microbes, making them excellent for storage and transportation. Since 70–100% of the boxes are composed of recycled materials, they are environmentally beneficial. Observations were made at every five days interval from the day the treatments were applied until the fruits were in marketable stage. The study employed a Completely Randomized Design (CRD) with three replications, each comprising three units. The Critical Difference at 5% level of significance was employed for direct comparison of treatments. Data analysis for various growth factors was conducted using the Web Agri Stat Package (WASP, v. 2), developed by the Indian Council for Agricultural Research complex in Goa, India. 
Results
1. Fruit weight

The fruit weight due to various treatments was found to be significant with the advancement of the storage period. The highest fruit weight was recorded in T₅ (167 g) and lowest in control (124 g)          
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Figure 1 Fruit weight during storage period
2. Specific Gravity

Specific gravity was found to be decreasing across the storage period. The specific gravity due to various treatments was found to be significant with the advancement of storage period. The highest specific gravity was observed in T₆ (1.02) and lowest was recorded in control (0.83). [image: image2.png]speific gravity
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Figure 2 Specific Gravity during storage period

3. Peel browning percentage

Peel browning was observed visually on 20th day of storage and highest was observed in control (84 %) and lowest was observed in T₅ (6 %). On 25th day the highest peel browning was observed in control (89 %) and lowest was observed in T₆ (10 %).
Table 1. Peel browning percentage

	Treatments
	20th Day
	25th day

	T0
	84.0
	89.0

	T1
	46.0
	59.0

	T2
	22.3
	31.3

	T3
	11.0
	16.0

	T4
	35.4
	63.7

	T5
	6.0
	11.7

	T6
	8.0
	10.0

	T7
	8.2
	10.3

	T8
	8.8
	11.5

	Mean
	25.5
	33.6

	S.Ed (±)
	1.35
	1.74

	C.D (0.05)
	2.34
	3.02


4. Days to colour change

The longest days taken for colour change in fruits was recorded in T₆ and lowest days taken for colour change was recorded in control. Significant difference was observed for colour change among the treatments during the storage period.

Table 2 Days to colour change
	Treatments
	Days taken for colour change

	T0
	9.7

	T1
	15.3

	T2
	18.7

	T3
	18.3

	T4
	16.0

	T5
	18.0

	T6
	27.3

	T7
	16.0

	T8
	15.3

	Mean
	17.2

	S.Ed (±)
	0.89

	C.D (0.05)
	1.55


5. Sensory evaluation

a. Colour
The coated fruits took more days for change of colour than the uncoated one. It was observed that in the treatment T₆ there was no colour change till 25th day of storage and the shortest days taken for change of colour was observed in control (9.7 days). Colour of the fruits degraded with the advancement of storage period. The effect of various treatments in fruit colour was non significant till 5th day of storage but had significant difference from 10th day of storage. The highest score was recorded in T₆ (7.53) and lowest in control (5.90) on 25th day of storage. The score values showed a decreasing trend across storage period. 
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Figure 3. Sensory evaluation (Colour) during storage period
b. Texture

The score value of texture has decreased towards the end of storage period. The highest score was recorded in for T₆ (6.72) the lowest was in control (5.58) on 25th day of storage. The effect of various treatments on fruit texture was significant during the storage period. [image: image4.png]Colour
CRNWBEUON®®L

texture

T8 Mean

Treatments

mOthDay mS5thDay m10thDay m15thDay m20thDay m25thday




Figure 4. Sensory evaluation (Texture) during storage period
6. Microbial analysis: 

It was observed that on 20th day of storage the highest microbial count was recorded in control while microbial count was not detectable in the treatments T₃, T₅, T₆ and T₇. On 25th day of storage the highest microbial count was recorded in control (2.95 log cfu/ml) but in the treatment T₅ it was not detectable. There was significant difference in microbial count due to various treatments during the storage period. 
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Figure 5. Microbial analysis during storage period
7. Sugars

a. Reducing sugar

The difference in reducing sugar content of fruits due to different treatments was found to be significant during the storage period. The reducing sugar was found to be increasing till 5th day of storage and later it started decreasing across storage period. The maximum reducing sugar was found in T₅ (3.40 %) and lowest was recorded in control (2.45 %) on 25th day of storage (Fig 6)
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Figure 6. Reducing sugar during storage period
b. Non-reducing sugar

The non-reducing sugar percentage in fruits due to various treatments was found to be significant during the storage period. It was observed that non-reducing sugar content was increasing till 5th day of storage and it started decreasing afterwards. Among treatments, maximum non-reducing was found in T₅ (1.78 %) followed by T₆ (1.76 %). The lowest was recorded in T₇ (1.21 %) on 25th day of storage (Fig 7). 
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Figure 7. Non-Reducing sugar during storage period
c. Total Sugar

The total sugar percentage in fruits due to various treatments was found to be significant with the advancement of storage period. It was observed that total sugar content was increasing till 5th day of storage and it started decreasing afterwards. The lowest was recorded in T₇ (3.73 %) and maximum was found in T₅ (5.18 %) (Fig 8) 
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Figure 8. Total sugar during storage period
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                                                Fig.11:25th day of storage
Discussion
Fruit weight (g)

Fruit weight during the storage period was found to be decreasing amongst the various treatments. Maximum fruit weight was retained in T₅ on 25th day of storage and lowest was observed in uncoated fruits (Fig 1). This is due to the fact that the edible coatings reduce the weight loss in fruits by forming a semi-permeable barrier that limits only the volatile compounds and water molecules across it. Also due to presence of carboxylic groups in CMC, it creates hydrogen bonds both inside the coating matrix and with the cuticle on the fruit surface (23).
Specific gravity:

Specific gravity of the lemon fruits was decreasing continuously with the advancement of the storage period. However, when compared to the control, the T₆ coated fruit kept the highest value of specific gravity in storage conditions (Fig 2). The decrease in the specific gravity is because of the weight and also volume of the fruit. It is due to the conversion of starch into sugar. But in the coated fruits, the coating helps as a barrier for the transpiration and respiration process, maintaining the weight and volume of the fruits which helps in retaining higher value of specific gravity. These findings were in accordance with (24) in Guava. Similar findings were also reported by (25) in guava fruits and (26).
Peel browning percentage (%):

Browning of fruits was observed on 20th and 25th day of storage after application of coatings on the fruits and on 25th day the highest browning percentage was recorded in control and lowest was recorded in T₅. More browning percentage was observed in uncoated fruits as there was no semi permeable barrier to prevent the respiration and to slow down the rate of metabolism. Continuous water loss affected the fruit firmness and it leads to more browning of peel in those uncoated fruits. However coated fruits showed lowest browning percentage as the coating helped in lowering the respiration rate. Similar findings were also recorded by (27).
Days to colour change:

The shorter days taken for colour change was observed in control while longer days was taken by T₆ for colour change. This may be due to the reason that hydrocolloids of CMC delayed the metabolic activities in coated fruits than the uncoated one. This observation was concluded by(28,29,30) reported that CMC treatment delayed the breakdown of chlorophyll thus reduced carotenoids accumulation in coated mango than the uncoated ones.
Sensory evaluation:

The highest score for visual colour was in T₆ and lowest was in control on the last day of storage (Fig 3). In control, the fruits turn brown in colour on the last day of storage but green colour was retained in T₆. The CMC coated fruits were able to maintain its firmness and colour longer than the uncoated ones because, the coating restricted the loss of water, reduced the respiration and also maintained the pectin content.(31,32) has similar findings and have stated that coating application improves the visual colour while uncoated peach fruits show abnormal sensory characteristics.(28) have also got similar findings in coated mango fruits.
For the texture, T₆ showed significantly highest sensory score as compared to all other treatments and control. T₆ showed best texture on the last day of storage(Fig 4). (33) have observed similar findings in kinnow mandarin. Highest sensory score in CMC coated fruit is may possibly due to partial modification of the internal atmosphere of fruit resulting in the development of acceptable flavor (14). Similarly, observations were recorded where the post-harvest combined application of CMC and garlic essential oil has also exhibited the highest palatability rating for acceptability, color, taste, texture and flavor in cold-stored strawberry cv. Local (34).
Microbial analysis

On the 20th day of storage, the highest microbial count was recorded in control while it was not detectable in most of the coated fruits(Fig 5). Coated fruits helped in keeping the fruits in fresh form, with less microbial count than control. The microbial count was not detectable in T₅ on the last day of storage while highest was recorded in control, this might be due to combination of CMC and propylene glycol resulting in better antimicrobial activity. Therefore, coating helps to increase the shelf life of fruits with lowering the microbial count that the uncoated fruits. Similar findings were also recorded by (35) in blueberries and (36) in Papaya. 
Sugars:
Reducing sugar showed an increasing trend upto 5th day of storage and later showed  decreasing trend from 10th day of  the storage period. (37) found that the slow ripening process delayed the conversion of reducing sugars and showed higher content in coated fruits at the end of storage in mango. The use of sugar as a respiratory substrate causes a shift in the decreasing sugar level. (38,39,40) also got similar results during their investigation, non-reducing sugar content was found to be increasing upto 6th day of storage and then started decreasing in all treatments as the storage period advanced. The use of sugar as a respiratory substrate causes a shift in the decreasing sugar level. (38).Total sugar was found to be increasing upto 5th day of storage and it started decreasing in all treatments as the storage period advanced retaining maximum total sugar in T₅ on the last day of storage. Similar findings were observed in an experiment conducted by (39) in Assam lemon. The use of sugar as a respiratory substrate causes a shift in the decreasing sugar level. (38). The rising level of total sugars up to the fifth day was potentially attributable to the conversion of starch and pectin into simple sugar, and the drop in total sugar content after the tenth day might be attributed to their rate of consumption for respiration of fruits and other energy sources.
Conclusion

The treatment T₅ (2% Propylene Glycol+3% CMC+500 ppm Sodium Benzoate) outperformed the other treatments in terms of storage, followed by T₆ (2% Propylene Glycol + 5% CMC + 500 ppm Sodium Benzoate). T₅ treatment was the superior edible coating and maintained its quality over an extended period of storage. Therefore, treatment T₅ seems to be the most effective way to extend the shelf life of Assam lemons while preserving the most amount of their physical, biochemical, and sensory characteristics Given that it was comparable to T₅ in certain observations, T₆ might also be recommended for extending the shelf life of Assam lemon.
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