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Abstract 
 
Edible coatings usually maintain or improve the scavenger antioxidants and activities of defense-related enzymes consequently 
preserve the bioactive compounds. The effects of different coating treatments e.g. carboxymethylcellulose (CMC; 1.0, 1.5 and 2.0 g L

-1
), 

chitosan (0.5, 1.0 and 1.5 g L
-1

), beeswax (5, 10 and 15 g L
-1

) and control (uncoated fruit) and cold storage period (5-7 
º
C, 90-95 % RH for 

75 days) on the levels of total phenols, total antioxidant activity, flavonoids, protein, total free amino acids and sugars (total and 
reducing sugars) in the juice of cold-stored ‘Kinnow’ mandarin fruit were assessed in 2017-18 and 2018-19. The fruit used in the 
experiment were harvested from the fifteen-year-old healthy trees previously grafted on rough lemon rootstock (Citrus jambhiri L.) and 
grown in the same block. The fruit coated with different coating treatments were stored at 5-7 ºC and 90-95 % RH for different storage 
periods (0, 30, 45, 60 and 75 days). The levels of total phenols, flavonoids, total antioxidant activity, total and reducing sugars in the 
fresh juice of the cold-stored fruit were determined following each cold storage period. Amongst different coating treatments tested, 
CMC (2.0 g L

-1
) coating proved to be the best treatment to maintain highest levels of bioactive compounds viz., total phenols, total 

antioxidant activity, flavonoids and total and reducing sugars as compared to the control during cold storage. In conclusion, coating with 
CMC (2.0 g L

-1
) was effective to extend the cold storage life and maintain the highest levels of health-promoting compounds in ‘Kinnow’ 

mandarin fruit without any symptoms of its toxicity to the fruit. 
 
Keywords: Total antioxidant activity, flavonoids, edible coatings, mandarin. 
Abbreviations: CMC_Carboxymethyl cellulose. 
 
Introduction 
 
Citrus fruits are a bountiful source of minerals, flavonoids, 
phenolic acids, limonoids and adrenergic amines (Ye et al., 
2011), benzoic and hydroxycinnamic acids (Sdiri et al., 2012) 
naringin, neohesperidin, narirutin and hesperidin (Jo et al., 
2018), vitamin C and other bioactive compounds. These 
compounds have a positive impact on human health with 
proven benefits for chronic diseases like arteriosclerosis, viral 
activity and cancer (Habibi and Ramezanian, 2017). Improper 
post-harvest handling and storage conditions adversely affect 
the levels of various bioactive compounds and favour the 
development of off-flavour volatile compounds in the fruit 
(Rapisarda et al., 2008).   
Various approaches such as modified atmospheric packaging 
(MAP) films (Baswal et al., 2020b), fumigation with 1-
methylcyclopropene (Baswal et al., 2021), post-harvest dipping 
with methyl jasmonate with salicylic acid (Baswal et al., 2021) 
have been tested to maintain the health-promoting 

compounds in cold-stored ‘Kinnow’ mandarin fruit. Earlier, 
some sporadic and inconclusive work has been reported only 
on the effects of CMC (1%) coating on the levels of ascorbic 
acid, phenolics and total antioxidant activity in the short-term 
(30 days) cold-stored ‘Kinnow’ mandarin fruit (Ali et al., 2021). 
Amongst numerous post-harvest approaches, the application 
of edible coatings has been considered safe for human health 
and the environment (Dhall, 2013). CMC is a water-soluble 
derivative of cellulose that is being widely utilized in the food 
industry owing to its moderate permeability to water and 
gases, flexibility, apparent, barrier to oils and fats and great 
film-forming abilities (Dhall, 2013). Previously, the post-harvest 
application of CMC has been reported to extend the post-
harvest life of mandarins (Baswal et al., 2020a, Khorram et al., 
2017; Chen et al., 2016; Arnon et al., 2015). Recently, Ali et al. 
(2021) reported that CMC (1%) coating maintained significantly 
highest levels of ascorbic acid, phenolics and total antioxidant 
activity in 30 days cold-stored ‘Kinnow’ mandarin fruit. 
However, no such previous information is available on the 
fluctuation in the levels of flavonoids, total free amino acids 
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and protein in long-term cold-stored ‘Kinnow’ mandarin fruit, 
therefore, justified to be investigated. Chitosan, a cationic, 
high molecular weight polysaccharide and possessing excellent 
film-forming and barricade properties and a non-toxic, hence is 
used as a raw material in the food industry (Dhall, 2013). 
Earlier, the post-harvest application of chitosan has been 
reported to enhance the storage life of different fruits such as 
guava (Hong et al., 2012), longan (Shi et al., 2013), mandarin 
(Baswal et al., 2020a; Arnon et al., 2015) and plum (Kumar et 
al., 2017). Recently, the post-harvest application of chitosan 
has been reported to maintain the highest levels of ascorbic 
acid in ‘Kinnow’ mandarin (Baswal et al., 2020a) and kumquat 
fruit (Hosseini et al., 2018). Whilst, the information on the 
dynamics of phenolics, flavonoids, total antioxidant activity, 
total free amino acids and protein in long-term stored ‘Kinnow’ 
mandarin fruit is lacking and warranted to be investigated. 
Beeswax, a natural complex substance is comprised of alkali-
soluble hydrophobic compounds. Owing to its environmental 
and human-health benefits, beeswax is recognized as safe 
chemicals (GRAS) by U.S. Food Drug and Administration (FDA) 
and therefore it can be used as an edible coating in the food 
industry (Dhall, 2013). Earlier, the post-harvest application of 
beeswax has been claimed to maintain the fruit quality of 
mandarins (Baswal et al., 2020a; Khorram et al., 2017; Parez-
Gago et al., 2002) and mango (Eshetu et al., 2019). 
Additionally,  the postharvest application of beeswax has been 
reported to maintain the highest levels of ascorbic acid in cold-
stored ‘Kinnow’ mandarin fruit (Baswal et al., 2020a), lemon 
(Nasrin et al., 2020) and sweet orange (Shahid and Abbasi, 
2011). However, the information on the changes in the levels 
of phenolics, flavonoids, total antioxidant activity, protein and 
total free amino acids is lacking in long-term stored ‘Kinnow’ 
mandarin fruit. The health-promoting compounds are an 
important quality index of ‘Kinnow’ mandarin fruit and for 
human health. The present investigation was aimed to 
investigate the influence of different concentrations of edible 
coatings such as CMC, chitosan and beeswax on the levels of 
total phenols, total antioxidant activity, flavonoids, protein, 
total free amino acids and total and reducing sugars in long-
term cold-stored ‘Kinnow’ mandarin fruit. 
 
Results  
 
Effects of different edible coatings and cold storage periods 
on the levels of total phenols in the juice 
Total phenols content gradually decreased with extension in 
cold storage period from 214.70 mg 100 ml

-1
 juice to 54.05 mg 

100 ml
-1

 juice in 30-75 days cold-stored fruit. Nevertheless, the 
highest mean total phenols content was recorded in fruit 
coated with CMC (2.0 g L

-1
) (145.17 mg GAE 100 ml

-1
 juice) 

contrasted to control (114.44 mg GAE 100 ml
-1 

juice). A 
significant interaction was found between different coating 
treatments and cold storage time for total phenols content in 
the juice. Following 30 and 60 days of the cold storage period, 
fruit coated with CMC (2.0 g L

-1
) exhibited significantly higher 

levels of total phenols in the juice as compared with the 
control and all other coatings treatments. The fruit coated with 
CMC (1.5 g L

-1
) showed a significantly higher level of total 

phenols in the juice as compared with the control and all other 
coating treatments. However, the fruit coated with chitosan 
(1.0 g L

-1
) resulted in significantly higher levels of total phenols 

in the juice of 75 days cold-stored fruit as compared to control 
and all other coatings treatments (Table 1). 
 
Effects of different edible coatings and cold storage periods 
on the levels of total antioxidant activity in the juice 
The juice of fruit coated with different edible coatings 
exhibited a significant decline in total antioxidant activity with 
an extension in the cold storage period from days 30 to 75 
(39.68 % to 11.30 %). Nevertheless, the juice of the fruit 
coated with CMC (2.0 g L

-1
) exhibited significantly the highest 

mean total antioxidant activity (30.44 %) contrasted to the 
control (16.75 %). All the coating treatments and cold storage 
time had a significant interaction with total antioxidant activity 
in the juice. CMC (2.0 g L

-1
) resulted in significantly higher total 

antioxidant activity in the juice of 45, 60 and 75 days of cold-
stored fruit respectively as compared to the control and all 
other coatings treatments. Whilst the fruit coated with 
chitosan (1.5 g L

-1
) exhibited significantly higher total 

antioxidant activity in the juice of 30 days of cold-stored fruit 
as compared to the control and all other coatings treatments 
(Table 1). 
 
Effects of different edible coatings and cold storage periods 
on the levels of flavonoids in the juice 
 Despite all the coating treatments, the flavonoids levels in the 
juice declined significantly with extension in the cold storage 
period from 81.81 mg quercetin 100 ml

-1
 juice to 39.20 mg 

quercetin 100 ml
-1

 juice (days 30-75). Although the fruit coated 
with CMC (2.0 g L

-1
) resulted in significantly highest mean 

flavonoids content (69.82 mg quercetin 100 ml
-1

 juice) 
contrasted to control (52.13 mg quercetin 100 ml

-1
 juice). A 

significant interaction was observed between different coating 
treatments and storage time for flavonoids content in the 
juice. The juice of the fruit coated with CMC (2.0 g L

-1
) 

recorded significantly highest levels of flavonoids during all the 
cold storage periods as compared with the control and all 
other coatings treatments (Table 2). 
 
Effects of different edible coatings and cold storage periods 
on the levels of protein content in the juice 
Protein content significantly declined with extension in cold 
storage period from 142.97 mg 100 ml

-1
 juice to 92.57 mg 100 

ml
-1

 juice in 30-75 days cold-stored fruit irrespective of the 
coating treatment. Nevertheless, the fruit coated with CMC 
(2.0 g L

-1
) resulted in the significantly highest mean protein 

content in the juice (131.93 mg 100 ml
-1

 juice) contrasted to 
control (115.25 mg 100 ml

-1
 juice). A significant interaction was 

found between different coating treatments and cold storage 
time for protein content in the juice. The fruit coated with 
CMC (2.0 g L

-1
) exhibited significantly higher protein content in 

the juice of 30, 60 and 75 days cold-stored fruit, respectively 
contrasted to other coating treatments and control. Whereas, 
the fruit coated with chitosan (1.0 g L

-1
) manifested 

significantly higher protein content in the juice of 45 days of 
cold-stored fruit as compared with the control and all other 
coatings treatments (Table 3). 
 
Effects of different edible coatings and cold storage periods 
on the levels of total free amino acids in the juice 
A declining trend in the level of total free amino acids in the 
juice was observed with extension in cold storage period up to  
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Table 1. Postharvest application of different concentrations of CMC, chitosan and beeswax-based edible coatings and cold storage 
periods on the total phenols content and total antioxidant activity in the juice of ‘Kinnow’ fruit stored at 5-7

º
C and 90-95% RH 

Total phenols (mg 100 ml-1 juice) Total antioxidant activity (%) 

Storage time (Days) Storage time (Days) 

Treatment (T) 0 30 45 60 75 Mean (T) 0 30 45 60 75 Mean (T) 

CMC (1.0 g L-1) 129.99 190.35 149.87 101.66 65.96 127.56 26.60 46.79 26.21 19.71 12.30 26.32 

CMC (1.5 g L-1) 129.99 229.48 183.25 86.25 57.66 137.32 26.60 43.05 34.30 27.64 11.63 28.65 

CMC (2.0 g L-1) 129.99 260.87 168.03 115.03 51.94 145.17 26.60 46.00 37.56 28.19 13.86 30.44 

Chitosan (0.5 g L-1) 129.99 183.63 138.55 101.85 66.46 124.10 26.60 40.88 24.70 17.83 11.52 24.31 

Chitosan (1.0 g L-1) 129.99 245.97 132.67 96.29 66.96 134.38 26.60 46.77 30.32 21.80 12.61 27.62 

Chitosan (1.5 g L-1) 129.99 187.79 165.41 102.75 49.65 127.11 26.60 49.06 22.49 19.03 10.70 25.58 

Beeswax (5 g L-1) 129.99 189.26 138.04 90.85 52.86 120.20 26.60 28.96 20.90 13.33 10.65 20.09 

Beeswax (10 g L-1) 129.99 210.42 151.02 101.85 58.07 130.27 26.60 40.27 32.78 23.42 11.99 27.02 

Beeswax (15 g L-1) 129.99 235.80 123.53 91.70 36.15 123.43 26.60 33.18 21.16 15.54 9.95 21.29 

Control 129.99 213.43 120.98 73.04 34.78 114.44 26.60 21.84 16.94 10.64 7.73 16.75 

Mean (ST) 129.99 214.70 147.14 96.13 54.05  26.60 39.68 26.74 19.71 11.30  

LSD (P≤0.05) Treatment (T) = 7.65       Days (ST) = 5.41          ST x T = 17.12  Treatment (T) = 0.53      Days (ST) = 0.38           ST x T = 1.19 

Each value indicates the pooled mean of two years of data  
 
 

Table 2. Postharvest application of different concentrations of CMC, chitosan and beeswax-based edible coatings and cold storage 
periods on the flavonoids content in the juice of ‘Kinnow’ fruit stored at 5-7

º
C and 90-95% RH 

Flavonoids (mg quercetin 100ml-1 juice) 

Storage time (Days) 

Treatment (T) 0 30 45 60 75 Mean (T) 

CMC (1.0 g L-1) 57.95 76.65 71.36 58.68 42.00 61.33 

CMC (1.5 g L-1) 57.95 90.82 84.47 63.75 45.24 68.45 

CMC (2.0 g L-1) 57.95 92.68 84.47 67.86 45.24 69.82 

Chitosan (0.5 g L-1) 57.95 71.96 67.38 54.68 37.01 57.80 

Chitosan (1.0 g L-1) 57.95 88.93 80.89 60.07 34.24 64.42 

Chitosan (1.5 g L-1) 57.95 85.74 63.20 52.17 31.83 58.18 

Beeswax (5 g L-1) 57.95 70.41 61.99 53.48 28.14 54.39 

Beeswax (10 g L-1) 57.95 81.16 75.89 59.40 40.82 63.05 

Beeswax (15 g L-1) 57.95 79.32 59.17 47.70 32.60 55.35 

Control 57.95 80.42 59.40 38.84 24.05 52.13 

Mean (ST) 57.95 81.81 70.84 55.66 39.20  

LSD (P≤0.05) Treatment (T) = 3.02       Days (ST) = 2.13          ST x T = 6.75  

Each value indicates the pooled mean of two years of data.   
 
 

Table 3. Postharvest application of different concentrations of CMC, chitosan and beeswax-based edible coatings and cold storage 
periods on protein and total free amino acids content in the juice of ‘Kinnow’ fruit stored at 5-7 

º
C and 90-95 % RH. 

Protein (mg 100 ml-1 juice) Total free amino acids (mg 100 ml-1 juice) 

Storage time (Days) Storage time (Days) 

Treatment (T) 0 30 45 60 75 Mean (T) 0 30 45 60 75 Mean (T) 

CMC (1.0 g L-1) 136.09 145.39 130.79 111.87 88.35 122.50 83.89 65.83 44.78 69.11 103.88 73.50 

CMC (1.5 g L-1) 136.09 138.79 134.33 131.79 99.82 128.16 83.89 75.74 69.62 78.75 119.28 85.45 

CMC (2.0 g L-1) 136.09 149.93 134.33 132.36 106.94 131.93 83.89 78.46 74.91 84.94 114.54 87.35 

Chitosan (0.5 g L-1) 136.09 140.99 119.46 111.93 98.40 121.37 83.89 52.59 39.92 83.78 97.43 71.52 

Chitosan (1.0 g L-1) 136.09 147.24 142.61 120.99 92.10 127.80 83.89 52.55 43.27 85.09 124.06 77.77 

Chitosan (1.5 g L-1) 136.09 141.93 122.78 116.59 92.37 121.95 83.89 55.15 37.44 83.35 101.37 72.24 

Beeswax (5 g L-1) 136.09 144.75 126.74 106.39 106.39 119.98 83.89 56.44 45.50 64.71 91.63 68.43 

Beeswax (10 g L-1) 136.09 145.67 136.22 126.87 85.13 125.99 83.89 60.23 48.20 86.41 102.61 76.27 

Beeswax (15 g L-1) 136.09 137.34 117.76 114.02 97.21 120.48 83.89 58.56 50.58 71.83 88.92 70.76 

Control 136.09 137.66 128.74 94.28 79.49 115.25 83.89 43.36 51.03 91.39 70.63 68.06 

Mean (ST) 136.09 142.97 129.37 116.71 92.57  83.89 59.89 50.52 79.93 101.43  

LSD (P≤0.05) Treatment (T) =3.71       Days (ST) =2.62          ST x T = 8.30 Treatment (T) = 2.23      Days (ST) = 1.58          ST x T = 4.99 

Each value indicates the pooled mean of two years of data. 
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Table 4. Postharvest application of different concentrations of CMC, chitosan and beeswax-based edible coatings and cold storage 
periods on total and reducing sugars in the juice of ‘Kinnow’ fruit stored at 5-7 

º
C and 90-95 % RH. 

Total sugars (%) Reducing sugars (%) 

Storage interval (Days) Storage interval (Days) 

Treatment (T) 0 30 45 60 75 Mean 
(T) 

0 30 45 60 75 Mean 
(T) 

CMC (1.0 g L
-1

) 5.15 5.34 6.88 8.91 8.72 7.00 2.39 2.62 3.60 4.61 3.77 3.40 

CMC (1.5 g L
-1

) 5.15 6.56 6.82 9.13 8.81 7.50 2.39 2.68 3.57 5.05 4.01 3.54 

CMC (2.0 g L
-1

) 5.15 6.82 8.56 9.23 9.05 7.76 2.39 2.92 4.20 5.20 4.33 3.81 

Chitosan (0.5 g L
-1

) 5.15 6.41 6.73 7.91 7.40 6.72 2.39 2.76 3.19 4.47 3.17 3.20 

Chitosan (1.0 g L
-1

) 5.15 6.54 7.55 8.78 8.67 7.34 2.39 2.69 3.64 5.14 3.49 3.47 

Chitosan (1.5 g L
-1

) 5.15 6.44 7.20 8.08 7.27 6.83 2.39 2.55 3.00 4.70 3.67 3.26 

Beeswax (5 g L
-1

) 5.15 5.35 6.58 7.72 7.03 6.36 2.39 2.33 2.98 4.01 3.37 3.02 

Beeswax (10 g L
-1

) 5.15 6.23 7.02 8.54 8.52 7.09 2.39 2.56 3.75 4.82 3.79 3.46 

Beeswax (15 g L
-1

) 5.15 5.70 6.06 8.38 7.36 6.53 2.39 2.18 3.07 4.73 3.25 3.13 

Control 5.15 6.33 6.60 7.42 7.05 6.51 2.39 2.77 3.45 3.94 2.49 3.01 

Mean (ST) 5.15 6.17 7.10 8.41 7.99  2.39 2.61 3.45 4.67 3.53  

LSD (P≤0.05) Treatment (T) = 0.29      Days (D) = 0.20          D x T =   
0.65 

Treatment (T) = 0.24      Days (D) = 0.17          D x T = 0.54    

Each value indicates the pooled mean of two years. 
 
60 days. Nevertheless, fruit coated with CMC (2.0 g L

-1
) 

resulted in significantly highest mean total free amino acids 
content (87.35 mg 100 ml

-1
 juice) contrasted to control (68.06 

mg 100 ml
-1

 juice). A significant interaction was observed 
between different coatings treatments and cold storage time 
for total free amino acids content in the juice. The fruit coated 
with CMC (2.0 g L

-1
) exhibited significantly higher total free 

amino acids content in the juice of 30 and 45 days cold-stored 
fruit as compared with the control and all other coatings 
treatments. Whilst, the fruit coated with beeswax (10 g L

-1
) 

showed significantly higher total free amino acids content in 
the juice of 60 days cold-stored fruit in contrast to all other 
coating treatments and control. However, the fruit coated with 
chitosan (1.0 g L

-1
) recorded significantly higher levels of total 

free amino acids in the juice as compared with the control and 
all other coatings treatments (Table 3).  
 
Effects of different edible coatings and cold storage periods 
on the levels of sugars (total and reducing sugars) in the juice 
 
Irrespective of all the coatings treatments, an elevation in the 
level of sugars in the juice was observed for up to 60 days of 
cold storage period which followed a subsequent decline till 
the end of the storage period. Nevertheless, the fruit coated 
with CMC (2.0 g L

-1
) recorded significantly the highest mean 

total and reducing sugars in the juice (7.76 % and 3.81 % 
respectively) as compared with the control (6.51 % and 3.01 
%respectively) and all other coating treatments. Following all 
the cold storage periods the fruit coated with CMC (2.0 g L

-1
) 

exhibited a significantly higher percentage of the total and 
reducing sugars in the juice as compared with the control and 
all the coating treatments (Table 4).  
 
Discussion 
 
An upsurge in the level of phenolic compounds may be 
attributed to the reduced activity of polyphenol oxidase 
catalyses auto-oxidation of phenolic compounds (Zhou et al., 
2008). The fruit coated with CMC (2.0 g L

-1
) exhibited 

significantly the highest level of total phenols may be argued 
that coatings provide a protecting barrier on the fruit surface 
there by minimizes the supply of oxygen responsible for 
enzymatic oxidation of phenolic compounds (Zheng and 
Quntick, 1997). Previously, the post-harvest application of 
CMC alone and in a combination with guar gum-based silver 
nanoparticles exhibited significantly the highest level of total 
phenols in 30 days and 120 days cold-stored ‘Kinnow’ 
mandarin fruit, respectively in contrast to other coating 
treatments and control (Ali et al., 2021; Shah et al., 2015). 
Silver (Ag) is a heavy metal and unsafe for human consumption 
and the environment. Likewise, ‘Golden Drop’ plum fruit 
coated with CMC and pectin based edible coatings showed 
significantly the highest level of total phenols for up to 8 days 
in contrast to other coating treatments and control (Panahirad 
and Naghshiband-Hassani, 2020). The fruit coated with CMC 
(2.0 g L

-1
) exhibited significantly the highest total antioxidant 

activity may be due to the reflection of higher levels of total 
phenols (Khaliq et al., 2015). Previously, the post-harvest 
application of CMC alone and in a combination with guar gum-
based silver nanoparticles exhibited significantly the highest 
total antioxidant activity in 30 days and 120 days cold-stored 
‘Kinnow’ mandarin fruit, respectively in contrast to all other 
coating treatments and control (Ali et al., 2021; Shah et al., 
2015). However, Ag is a heavy metal and reckless for human 
health and the environment. Similarly, the fruit coated with 
CMC manifested significantly the highest total antioxidant 
activity for up to 16 days in cold-stored Indian blackberry 
(Syzygium cumini L.) fruit in contrast to other coating 
treatments and control (Gol et al., 2015). Retention of the 
highest flavonoids content in CMC (2.0 g L

-1
) coated fruit may 

be ascribed to the reduced activity of manonyl transferase 
responsible for the biosynthesis of flavonoids (Caro et al., 
2004). Previously, the ‘Golden Drop’ plum fruit coated with 
CMC and pectin-based edible coatings significantly exhibited 
the highest level of flavonoids for up to 8 days in contrast to all 
other coating treatments and control. Likewise, the post-
harvest coating with chitosan significantly maintained the 
highest level of flavonoids in 9 days of cold-stored strawberry 
fruit in contrast to other coating treatments and control 
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(Petriccione et al., 2015). Higher protein content in the fruit 
coated with CMC (2.0 g L

-1
) may be due to restriction in 

ethylene-induced electrolyte leakage facilitates the 
accumulation of higher protein content (Jiang et al., 2002). 
Though the exact mechanism of how coatings influence the 
dynamics of protein content during cold storage is not fully 
understood therefore requires further investigations. Recently, 
cucumber fruit coated with chitosan (250 g L

-1
) recorded 

significantly higher protein content for up to 28 days at 
ambient storage conditions in contrast to other coating 
treatments and control (Elizabeth and Mimololuwa, 2020). The 
fruit coated with CMC (2.0 g L

-1
) exhibited significantly highest 

total free amino acids content in the juice may be due to its 
negative reflection on protein content as the level of amino 
acids increases due to degradation in protein with an 
extension in the cold storage period (Tulio et al., 2002). 
However, there is no clear evidence as to how the coatings 
influence the dynamics of amino acids during storage 
therefore demands subsequent investigations. Coatings 
retards the starch-sugars conversion process and consequently 
delays a rise in the sugars level (Haider et al., 2017). CMC (2.0 g 
L

-1
) exhibited significantly highest sugars level may be due to 

CMC delayed the starch-sugar conversion process and 
subsequently reduced the rise in the levels of sugars in cold-
stored ‘Kinnow’ mandarin fruit. Likewise, the post-harvest 
coating with CMC alone or CMC with silver nanoparticles has 
suppressed an increase in levels of sugars in 30 days and 120 
days cold-stored ‘Kinnow’ mandarin fruit in contrast to other 
coating treatments and control (Ali et al., 2020; Shah et al., 
2015). However, CMC containing silver nanoparticles coating 
cannot be used in fresh horticultural produce as silver is a 
heavy metal and unfit for human consumption and 
detrimental to the environment.  
 
Materials and methods 
 
Fruit  
‘Kinnow’ mandarin (Citrus nobilis Lour x C. deliciosa Tenora) 
fruit of uniform size (250-300 g) were harvested at harvest 
maturity (sugar/acid ratio 12:1) from the uniform and healthy 
tress selected and maintained in an orchard located at 
Regional Fruit Research Station, Abohar (30

° 
55’N, 54

° 
30’E). 

‘Kinnow’ mandarin fruit used in the experiments were 
harvested from the same block during the years of 2017-18 
and 2018-19 from the fifteen years old healthy trees grafted 
on rough lemon rootstock (Citrus jambhiri L.). Following sorting 
and grading operations, the fruit were washed with 0.01 % 
chlorinated water (sodium hypochlorite 4 % @ 2.5 ml L

-1
) and 

allowed to dry overnight at room temperature (25 ºC).  
 
Treatments 
The fruit were coated with different consecrations of coating 
compounds including CMC (1.0, 1.5 and 2.0 g L

-1
 respectively), 

chitosan (0.5, 1.0 and 1.5 g L
-1

 respectively), beeswax (5, 10 
and 15 g L

-1
 respectively) and control (uncoated fruit) at room 

temperature (24 ± 1°C and 65 ± 5 % RH) following procedures 
previously detailed by Baswal et al. (2020a). Following coating 
treatments, the fruit were allowed to dry at room temperature 
and packed in corrugated fiber boxes (CFB) of two kg capacity 
and kept in cold storage (5-7 

º
C and 90-95 % RH) for 30, 45, 60 

and 75 days. The juice was extracted from 12 fruit per 

replication using a juice extractor and the pooled juice from 
each replication was used to estimate the levels of total 
phenols, total antioxidant activity, flavonoids, protein, total 
free amino acids and total and reducing sugars following 30, 
45, 60 and 75 days of cold storage. For zero-day data, freshly 
harvested fruit were also analyzed.  
 
Experimental design and number of replications 
Both the experiments were laid out by following two factors 
(coating treatments and cold storage periods) factorial 
completely randomized design with three replicates in 2017-18 
and 2018-19. Twelve fruit were included in each replication 
during both years.  
 
Observations recorded 
 
Determination of total phenols, total antioxidant activity and 
flavonoids 
The levels of total phenols were estimated by preceding the 
Folin-Ciocalteu colorimetric method (Mayers et al., 2003) with 
minor changes described previously by Baswal et al. (2020b, 
2021) and the concentrations were calculated as mg gallic acid 
equivalents (GAE) 100 ml

-1
 juice. Total antioxidant activity was 

determined by preceding procedures detailed earlier by Brand-
Williams et al. (1995) with minor changes earlier detailed by 
Baswal et al. (2020b, 2021) and expressed in percentage. The 
flavonoids were determined as per methods earlier described 
by Chang et al. (2002) with minor changes (Baswal et al., 2021) 
and estimated as mg quercetin 100 ml

-1
 juice. 

 
Determination of protein, total free amino acids, total and 
reducing sugars 
 Protein content was estimated by following the 
standard procedure previously detailed by Lowery et al. (1951) 
with minor changes earlier outlined by Baswal et al. (2021) and 
expressed as mg 100 ml

-1
 juice. To determine the levels of total 

free amino acids, the previously explained methods by Yemm 
and Cocking (1954) recently specified by Baswal et al. (2021) 
were used. Total free amino acids were expressed as mg 100 
ml

-1
 juice.  From the fresh ‘Kinnow’ juice total and reducing 

sugars were estimated by preceding the procedures earlier 
explained by Hortwitz (1960) with minor changes recently 
enumerated by Baswal et al. (2021) and calculated as a 
percentage.     
 
Statistical analysis  
The data were analyzed by two-way ANOVA using procedures 
of the Statistical Analysis System 9.3 (S.A.S. Institute Inc., Cary, 
NC, USA). The effect of different coating treatments and cold 
storage periods and their interaction were assessed within 
ANOVA. The treatment means were compared using the least 
significance difference (LSD) values at a level of significance of 
P ≤ 0.05. The data of both years (2016-17 and 2017-18) were 
pooled due to homogeneity of variance over two years.  
 
Conclusion  
 
The post-harvest coating application of CMC (2.0 g L

-1
) 

maintained significantly the highest levels of total phenols, 
total antioxidant activity, flavonoids, protein and total free 
amino acids as compared to control and all other treatments 
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for up to 60 days cold-storage of ‘Kinnow’ mandarin fruit. The 
postharvest application of CMC did not result in any harmful 
effects on the fruit.   
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