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ABSTRACT 
 

This investigation was conducted for two successive seasons (2014 & 2015) to evaluate the 
effectiveness of the edible coating chitosan either alone or plus calcium gluconate for maintaining 
fruit quality attributes and marketability of Etmany guava fruits during cold storage conditions. Guava 
fruits were randomly distributed into six treatments and dipped for five minutes for the following 
treatments: tap water (control); 1%chitosan; 2% chitosan; 2%calcium gluconate; 1% chitosan + 2% 
calcium gluconate and 2% chitosan + 2 % calcium gluconate. All treatments were cold stored at 
8±1°C and 85-90% relative humidity for 21 days and evaluated each 7 days interval. 

The results showed that all edible coating treatments under cold storage course had more 
profound effects effective technique for maintaining fruit quality attributes as well as extending 
postharvest life in comparison with uncoated treatment (control) of guava fruits in both seasons.    

Edible coating fruits with 2% chitosan coating plus 2% calcium gluconate significantly 
enhanced storability and decreased the rate of deterioration of physical and chemical properties of 
fruits by reducing in physiological loss in weight and decay, maintaining firmness and ascorbic acid 
and delaying the changes in external color, total soluble solids and titratable acidity content as 
compared to control of guava fruits during extended cold storage in both seasons.  
 
Keywords: coating, chitosan, calcium gluconate, guava fruits, cold storage, decay. 

 
Introduction 
 

Guava (Psidium guajava L.) is one of the most important fruits grown in Egypt. Guava fruits 
are rich in antioxidants like phenols and carotenes (Joseph and Priya, 2011) and is an excellent source 
of minerals like iron, calcium, phosphorus as well as many vitamins like ascorbic acid, pantothenic 
acid, vitamin A and niacin (Embaby and Hassan, 2015). 

Postharvest quality conservation of guava is still a challenge in the production chain due to the 
reduced postharvest life attributed to its high respiratory rate, fast loss of firmness and incidence of 
decay during storage (Forato et al., 2015). Having a climacteric fruit-typed respiration and ethylene 
peaks during ripening, quality of fruit guava is rapidly degraded due to high metabolic activities, 
respiration and transpiration rates, which continues at post-harvest, leading to loses in texture and 
quality attributes during storage (Kanwal et al. 2016). Thus, high levels of postharvest loses of guavas 
require efficient and sustainable technologies to maintain quality through judicious use of post-harvest 
treatments such as biodegradable coatings obtained from starch sources from discarded fruit parts 
(Cissé et al., 2015). 

Coatings with a semi-permeable barrier to water vapor and gas exchange, leads to weight loss 
reduction, respiration rate modification, and senescence delay of coated produce (Olivas et al., 2008).  

The application of edible coatings is one of the most innovative methods to extend the 
commercial shelf‐life of fruits and vegetables (Turhan, 2009). The use of fruit coating agents will 
slow down fruit ripening or lengthen fruit storage period. Several mechanisms are involved in 
extending the shelf life of fruits and vegetables by film coatings. Edible coatings may contribute in 
extending the shelf life of fresh fruits by decreasing moisture loss and controlling gas exchange, 
respiration and oxidative reaction rates, as well as reducing or even suppressing physiological 
disorders. In addition, they can improve mechanical handling properties, avoid volatiles losses, 
carrying additives and even contribute to the production of aroma volatiles (Pranoto et al., 2005).  
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One of the fruit coating agents, which currently has a promising prospect, is chitosan. Chitosan, 
a cationic polysaccharide of high molecular weight that is obtained by deacetylation of chitin 
extracted from the exoskeleton of crustaceans, fungi, and insects, and has innumerous agricultural and 
horticultural applications, due to its excellent ability to create an antimicrobial and antifungal film 
with biocompatibility, biodegradability and nontoxicity to human beings (Muzzarelli et al., 2012 and 
Hussein et al. 2015). Chitosan acts as an excellent semi-permeable barrier against oxygen, carbon 
dioxide and moisture, thereby reducing respiration and water loss and counteracting the dehydration 
and shrinkage of the fruit (Petriccione et al., 2015) hence retarding ripening and senescence. 

Calcium, as a constituent of the cell wall, plays a distinct role in sustaining cell wall integrity in 
fruits by interrelating with pectic acid of the cell wall to form calcium pectate which facilitate cross 
linkage of pectic compounds of the cell wall, which influence cell wall strength and is regarded as the 
last barrier before cell separation (Javed et al., 2018).  By its turn, post-harvest applications of 
calcium salts extend the shelf life of many fruits by maintaining firmness, minimizing the rate of 
respiration, protein breakdown and ethylene production, controlling the development of various 
physiological disorders and delaying senescence (Arthur, 2014). 

Organic calcium salts such as lactate, citrate, or gluconate enhance nutritional value without 
undesirable taste, increase antioxidant capacity and are more bioavailable than an inorganic salt like 
calcium chloride (Labin-Goldscher and Edenstein 1996). This might be associated with the chelating 
property of gluconate, which it reduce the oxidative browning reaction of polyphenol oxidase 
(Clemens et al. 1990). 

The aim of the present investigation is to evaluate the effectiveness of the edible coating 
chitosan either alone or plus calcium gluconate for maintaining fruit quality attributes and 
marketability of Etmany guava fruits during cold storage conditions. 
 
Materials and Methods 
 
Fruit material  

This investigation was conducted for two successive seasons (2014 & 2015) to evaluate the 
effectiveness of the edible coating chitosan either alone or plus calcium gluconate for maintaining 
fruit quality attributes and marketability of guava fruits during cold storage conditions. At maturity 
stage, when fruits having greenish yellow skin color according to Mercado-Silva et al., (1998), 
Etmany guava fruits were harvested from a commercial orchard in Qalubia governorate, Egypt and 
brought immediately the post-harvest laboratory after harvesting in plastic boxes (15 kg capacity) at 
Fruit Handling Res. Dept., Hort. Res. Instit., Agric. Res. Center, Giza, Egypt. Detective fruits 
including wounded and other disorders were excluded. The rest considered as sound fruits (at the 
same maturity stage) were washed with tap water and left to air-dried. 

 
Preparation of used treatments

 
High molecular weight chitosan, calcium gluconate and Acetic acid were purchased from 

Sigma Chemical Company. Coating solutions were prepared by dissolving 1% or 2% chitosan in 
0.5% glacial acetic acid and distilled water. The pH value of the Chitosan solution was then adjusted 
to 5.6 using 0.1M NaOH.   

2% calcium gluconate were prepared by calculating calcium in molecular formula and 
dissolving in distal water prior to the incorporation of the acetic acid. 

All edible coating treatments as well as control had Tween-80 (0.5% v/v) to improve the 
wetting properties of the solutions and adherence to fruits surface (Zhao et al., 2009).  
 
Applied treatments 

For each treatment, six cartons boxes were used, each box contain eight fruits considered as a 
replicate. Fruits were dipped for five minutes in each of the used substances and then left to be air-
dried. 

Applied treatments were as follows: 
1- Dipping in tap water (control). 
2- Dipping in 1%edible coating chitosan. 
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3- Dipping in 2%edible coating chitosan. 
4- Dipping in 2%calcium gluconate. 
5- Dipping in 1%edible coating chitosan + 2%calcium gluconate. 
6- Dipping in 2%edible coating chitosan + 2%calcium gluconate. 

All treatments were cold stored at 8±1°C and 85-90% relative humidity for 21 days. Samples 
were taken at 0, 7, 14, 21 days after storage and physical, chemical attributes of guava fruits were 
assessed as following: 

 
Quality attributes 

Fruit weight loss (%):  The fresh weight of fruits was periodically weighted and the percentage 
of weight loss was calculated by the difference between the initial weight and that recorded at the date 
of sampling.  

Weight loss percentage was calculated by the following equation [(initial fruit weight - fruit 
weight at examination date) / (initial fruit weight)] × 100. 

Fruit decay (%): Both pathological and physiological disorders (microbial decay, softening and 
discoloration or browning) on fruits were considered as decayed fruits.  

Decayed fruit percentage was determined as follow [(Number of decayed fruits at examination 
date) / (Total number of fruits)] ×100. 

Fruit Firmness (kg/cm²): It was measured using lefra texture analyzer (Mod.TA1000). The 
force required to penetrate 2 mm inside the fruit using a needle probe diameter of 1 mm was 
measured. The machine was set with peak mode and speed of 0.2 mm/sec. Readings were recorded on 
three points in the equatorial region of the whole fruit and the results were expressed as the resistance 
force to the penetrating tester in units of pressure kg/cm² (Watkins & Harman, 1981). 

Fruit skin color (Hue°): Intensity of color was measured by Konick Minolta Colorimeter 
(Chroma meter CR-400, Minolta, Japan).  The Hue angle was measured on surface of fruit expressed 
in degrees (h°) as described by Mcgire, (1992). 

Juice total soluble solids (%): It was recorded periodically using a hand refractometer.  
Juice total titratable acidity (%): It was measure as citric acid and determined periodically 

(AOAC 2000). 
 TSS/acid ratio: It was calculated periodically. 
Juice ascorbic acid (Vitamin C): It was determined by the oxidation of ascorbic acid with 2, 6 

dichlorophenolendophenol according to method of adopting the procedure described by AOAC 
(2000) and was calculated as mg/100 ml juice. 

 
Experimental design and statistical analysis

 
This experiment was arranged in a completely randomized design and consisting of two factors 

(post-harvest treatments and cold storage periods). Data were tabulated, and statistically analyzed 
according to Snedecor and Cochran (1980). Averages were compared using the new L.S.D. values at 
5% level. 

 
Results and Discussion 

 
Fruit weight loss  
 

Data presented in Table (1) show that weight loss (%) gradually increased with the 
prolongation of the cold storage period for all treatments in both seasons. It can be observed that 
weight loss (%) was decreased by dipping in calcium gluconate and different concentrations of edible 
coating chitosan either in the single or in the combined treatments. Fruits dipped in 2% edible coating 
chitosan plus 2% calcium gluconate had significantly the least weight loss percentage after three 
weeks of cold storage. On the other hand, the highest weight loss percentage was significantly 
attained by control fruits after three weeks of cold storage of the in the two seasons. 

Fruit weight loss mainly reflects the respiration rate, the transpiration and some processes of 
oxidation, which are influenced by postharvest treatment and storage temperature (Elsabee & Abdou, 
2013). 
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Application of edible coatings on fresh fruit can provide an alternative method to modified 
atmospheric storage by reducing quality changes and slowing down quantity losses through 
modification and control of the internal atmosphere of the individual fruits (Turhan, 2009). This 
positive effect of edible coatings is based on their hygroscopic properties, which enables formation of 
a water barrier between the fruit and the environment, and thus avoiding its external transference 
(Morillon et al., 2002).  
 
Table 1: Effect of edible coating chitosan and calcium gluconate on fruit weight loss (%) of Etmany 

guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                                  Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 0.00 4.30 7.00 10.43 5.43 
1% Edible coating chitosan  0.00 3.12 6.23 8.47 4.45 
2% Edible coating chitosan 0.00 2.67 6.03 7.70 4.10 
2% Calcium gluconate 0.00 3.20 6.73 8.93 4.72 
1% Edible coating chitosan + 2%Calcium gluconate 0.00 2.53 5.93 7.67 4.03 
2% Edible coating chitosan + 2%Calcium gluconate 0.00 2.33 4.93 6.30 3.39 
Means (D) 0.00 3.03 6.14 8.25  

new L.S.D. at 0.05 (T) = 0.51     
new L.S.D. at 0.05 (D) = 0.42     
new L.S.D. at 0.05 (TXD) = 1.02     

2nd season 

Treatment (T)  
                                                                 Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 0.00 4.08 7.17 10.37 5.40 
1% Edible coating chitosan  0.00 2.83 6.27 7.97 4.27 
2% Edible coating chitosan 0.00 2.80 6.23 7.97 4.25 
2% Calcium gluconate 0.00 3.57 6.80 8.94 4.83 
1% Edible coating chitosan + 2%Calcium gluconate 0.00 2.70 6.03 7.50 4.06 
2% Edible coating chitosan + 2%Calcium gluconate 0.00 2.57 5.24 6.57 3.59 
Means (D) 0.00 3.09 6.29 8.22  

new L.S.D. at 0.05 (T) = 0.43     
new L.S.D. at 0.05 (D) = 0.35     
new L.S.D. at 0.05 (TXD) = 0.86     

 
Chitosan coating forms a layer of semi-transparent to smooth the pericarp surface (González-

Aguilar et al.,2009) and can be used as a protective barrier to not only hinder transpiration process 
resulting in low fruit weight loss, but also hinder O2 consumption resulting in decreasing respiration 
rate and ethylene production, and consequently increasing fruit shelf-life (Trung et al., 2011). 
Moreover, chitosan coating protect fruit skin from mechanical injuries, as well as seal small wounds 
and thus delaying dehydration and maintains tissue rigidity (Elsabee & Abdou, 2013 and Krishna and 
Rao, 2014), thereby the chitosan helps in retaining moisture contents of fruit, and maintain the quality 
for longer period with fairly acceptable quality (Chauhan et al., 2014). 

Such results are in accordance with results reported by Hafez et al., (2012), among many 
others, who recorded that weight loss % increased as cold storage proceeded.  

These results are consistent with those of previous studies demonstrating that chitosan coating 
acts as a semipermeable barrier against oxygen, carbon dioxide and moisture, thereby reducing 
respiration and water loss and counteracting the dehydration and shrinkage of the fruit (Petriccione et 
al., 2015). 

Calcium plays an effective role in membrane functionality and integrity maintenance by 
binding to the polar head group of the phospholipids. Hence the lower loss of phospholipids with 
reduced ion leakage could be responsible for the lower weight loss in calcium treated fruits (Lester 
and Grusak, 1999). 

Application of calcium from different sources decreased the weight loss (Akhtar and Rab 
(2014), and the maximum decrease in weight loss was recorded with calcium gluconate (Atress et al., 
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2010) probably due to delaying enzymatic activities responsible for moisture loss and senescence 
(Jouki, and Khazaei,, 2012). The superior performance of calcium gluconate in decreasing weight loss 
can be attributed to its hydrophobic nature, which improves the water vapor barrier by providing 
hydrophobicity to the surface (Han et al., 2004). 

The obtained results are also similar to those achieved by Dhillon and Kaur, (2013) and Chawla 
et al. (2018) they found that calcium had effectively reduced weight loss during storage. 

 
Fruit decay 

As shown in (Table 2), a gradual significant increase in fruit decay (%) was observed with the 
prolongation of the cold storage period for all treatments in both seasons. Control fruits   exhibited the 
highest significant decay percentage after three weeks of cold storage, while fruits dipped in 2% 
edible coating chitosan plus 2% calcium gluconate attained significantly the least decay percentage 
after three weeks of cold storage in both seasons. 
 
Table 2: Effect of edible coating chitosan and calcium gluconate on fruit decay (%) of Etmany guava 

fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                                 Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 0.00 0.00 26.06 39.41 16.37 
1% Edible coating chitosan  0.00 0.00 18.89 33.32 13.05 
2% Edible coating chitosan 0.00 0.00 16.40 31.46 11.97 
2% Calcium gluconate 0.00 0.00 24.57 36.41 15.25 
1% Edible coating chitosan + 2%Calcium gluconate 0.00 0.00 12.93 30.62 10.89 
2% Edible coating chitosan + 2%Calcium gluconate 0.00 0.00 12.40 21.24 8.41 
Means (D) 0.00 0.00 18.54 32.08  

new L.S.D. at 0.05 (T) = 0.57     
new L.S.D. at 0.05 (D) = 0.47     
new L.S.D. at 0.05 (TXD) = 1.14     

2nd season 

Treatment (T)  
                                                                      Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 0.00 0.00 21.50 38.59 15.02 
1% Edible coating chitosan  0.00 0.00 11.54 25.69 9.31 
2% Edible coating chitosan 0.00 0.00 11.47 23.59 8.77 
2% Calcium gluconate 0.00 0.00 17.05 28.33 11.35 
1% Edible coating chitosan + 2%Calcium gluconate 0.00 0.00 9.00 18.94 6.99 
2% Edible coating chitosan + 2%Calcium gluconate 0.00 0.00 8.00 17.96 6.49 
Means (D) 0.00 0.00 13.09 25.52  

new L.S.D. at 0.05 (T) = 0.49     
new L.S.D. at 0.05 (D) = 0.40     
new L.S.D. at 0.05 (TXD) = 0.98     

 
Decay is one of the most important postharvest factors in reduction of quality horticultural 

crops. Fruits susceptibility to postharvest diseases and disorders during storage as a result of the 
physiological changes and senescence process (Prusky & Keen, 1993).  

Chitosan has a double mechanism of action. The first is restraining the propagation of harmful 
germs by inhibiting the spore germination, germ tube elongation and mycelial growth of the decay‐
causing fungi and second is the induction of defense responses in host tissues and promoting 
protection from further fungal by chitinase, a defense enzyme, which catalyzes the hydrolysis of 
Chitin, a common component of fungal cell walls, thus effectively controlled fruit decay (Zhang et al., 
2011). Moreover, chitosan treatment showed positive effects in maintaining membrane integrity and 
increasing the activities of antioxidant enzymes and phenolic compounds (Hong et al., 2012 and 
Kumari et al., 2015).  

Anti‐decay effects of chitosan edible coating were observed on table grapes (Xu et al., 2007), 
strawberry (Kazemini 2012) and jujube fruit (Wang et al., 2014).  
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The incorporation of calcium ions in fruit tissue promotes new cross-links between anionic 
homogalacturonans, strengthening the cell wall and particularly the middle lamella which is 
responsible for holding cells together. Thus, increasing the stability of the cell wall and middle 
lamella by calcium treatment which can be expected to improve fruit resistance to enzymes caused by 
fungal pathogens (Hernandez-Munoz et al., 2008). 

These results are in line with those obtained by Hernandez-Munoz et al., (2008) on straw berry 
who found that the combined treatment of 1% chitosan solution and 0.5% calcium gluconate inhibited 
the fungal decay of fruit during the storage period. Moreover, in a study no sign of fungal decay was 
observed during the storage period for fruit coated with chitosan, gluconate calcium coatings 
especially in combination treatments that may be due to the low respiration rate and the delay of 
senescence, which could enhance resistance to infection and lesion development (Wang et al., 2014).  

 
Fruit Firmness 

As shown in (Table 3), it is obvious that fruit firmness gradually decreased with the 
prolongation of the cold storage period for all treatments in both seasons. Control fruits   exhibited the 
least significant value of fruit firmness after three weeks of cold storage, while fruits dipped in 2% 
edible coating chitosan plus 2% calcium gluconate attained significantly the highest value of fruit 
firmness after three weeks of cold storage in both seasons. 

 
Table 3: Effect of edible coating chitosan and calcium gluconate on fruit firmness (kg/cm2) of 

Etmany guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                               Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 12.88 7.82 4.56 3.23 7.12 
1% Edible coating chitosan  12.92 10.39 6.55 4.91 8.69 
2% Edible coating chitosan 12.94 11.09 7.51 5.54 9.27 
2% Calcium gluconate 12.89 9.50 6.15 4.77 8.33 
1% Edible coating chitosan + 2%Calcium gluconate 12.95 11.23 8.35 5.93 9.62 
2% Edible coating chitosan + 2%Calcium gluconate 12.96 11.23 8.67 5.96 9.70 
MEANS (D) 12.92 10.21 6.97 5.06  

new L.S.D. at 0.05 (T) = 0.04     
new L.S.D. at 0.05 (D) = 0.03     
new L.S.D. at 0.05 (TXD) = 0.08     

2nd season 

Treatment (T)  
                                                               Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 12.67 8.51 4.07 3.09 7.08 
1% Edible coating chitosan  12.73 9.93 6.70 5.15 8.63 
2% Edible coating chitosan 12.73 10.56 7.09 5.40 8.95 
2% Calcium gluconate 12.72 9.54 6.58 4.70 8.39 
1% Edible coating chitosan + 2%Calcium gluconate 12.75 10.81 8.07 5.75 9.35 
2% Edible coating chitosan + 2%Calcium gluconate 12.77 11.02 8.88 6.46 9.78 
MEANS (D) 12.73 10.06 6.90 5.09  

new L.S.D. at 0.05 (T) = 0.07     
new L.S.D. at 0.05 (D) = 0.06     
new L.S.D. at 0.05 (TXD) = 0.14     

 
The fruit firmness is an important physical parameter used to assess the quality of fruits during 

ripeness, storage and distribution. Fruit firmness is a critical quality attribute for consumer 
acceptability of fresh fruit and vegetables. Fruit firmness properties are affected by cell turgidity and 
the structure and composition of the cell wall polysaccharides (Koh and Melton, 2002). 

Firmness of the fruit tissues is related to the structure of the cell walls. Alterations in the 
structure of this cell compartment, including decreases in hemicellulose and galactose, dissolution of 
pectins, the activity of hydrolyzing enzymes, and a rapid production of reactive oxygen species that 
softens fruit tissues during storage (Cheng et al., 2008). 
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Losses in firmness with the progress of storage period due to ripening of fruits is a result of an 
increase in activities of cell wall hydrolysis enzymes such as pectinesterase, polygalacturonase, pectin 
methylesterase and pectatelyases during ripening and cold storage (Ali et al., 2004).  

The maintenance of fruit firmness in the fruits treated with chitosan could be due to their higher 
antifungal activity and covering of the cuticle and lenticels, thereby reducing infection, respiration and 
other ripening processes during storage (Ali et al. 2005). Also, the application of chitosan is 
suppresses the activity of degradable cell-structured enzyme, so that it may give better contribution 
during fruit storage (Li et al. 2006) and maintain fruit hardness (Hanani et al. 2012). In addition, 
chitosan cause reduction in cell wall degradation, which in turn maintained cell turgidity and the 
protected structure of cell wall (Ball, 2013).  

These results with chitosan treatment were in agreement with those of Ali et al. (2011) on 
papaya, Hong et al. (2012) and Chawla et al. (2018) on guava fruits. 

The calcium ions in fruit is associated with firmness and is attributed to increase tissue 
strengthen the cell wall and mainly the middle lamella by holding the cells altogether thus, reduced 
ripening and senescence processes (Vicente et al., 2007). Pre-harvest and postharvest treatments with 
calcium salts have been effective in controlling several physiological disorders, reducing the 
incidence of fungal pathogens and maintaining fruit firmness (Bakshi et al., 2005). 
 
Fruit skin color 

Data depicted in Table (4) clearly revealed that the values of hue angel (H°) gradually 
decreased with the prolongation of the cold storage period for all treatments in both seasons. It can be 
observed that fruit skin color attain a little alteration by dipping in calcium gluconate and different 
concentrations of edible coating chitosan either in the single or in the combined treatments. Fruits 
dipped in 2% edible coating chitosan plus 2% calcium gluconate had significantly the highest value of 
hue angle followed by those with dipping in 1% edible coating chitosan plus 2% calcium gluconate 
after three weeks of cold storage. On the other hand, the least value of hue angle was significantly 
attained by control fruits after three weeks of cold storage of the in both seasons. 
 
Table 4: Effect of edible coating chitosan and calcium gluconate on fruit skin color (Hue°) of Etmany 

guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                                       Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 102.33 98.32 93.16 90.53 96.09 
1% Edible coating chitosan  102.81 100.07 95.28 92.37 97.63 
2% Edible coating chitosan 103.85 100.48 97.10 93.37 98.70 
2% Calcium gluconate 102.79 99.22 94.28 91.30 96.90 
1% Edible coating chitosan + 2%Calcium gluconate 104.16 100.73 97.14 93.50 98.88 
2% Edible coating chitosan + 2%Calcium gluconate 104.29 101.07 97.29 94.64 99.32 
MEANS (D) 103.37 99.98 95.71 92.62  

new L.S.D. at 0.05 (T) = 0.31     
new L.S.D. at 0.05 (D) = 0.25     
new L.S.D. at 0.05 (TXD) = 0.62     

2nd  season 

Treatment (T)  
                                                                          Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 101.17 96.60 91.48 89.57 94.71 
1% Edible coating chitosan  102.85 99.84 96.27 91.94 97.73 
2% Edible coating chitosan 103.70 99.94 96.39 92.87 98.22 
2% Calcium gluconate 102.53 96.62 92.47 89.66 95.32 
1% Edible coating chitosan + 2%Calcium gluconate 103.86 100.46 96.91 93.00 98.56 
2% Edible coating chitosan + 2%Calcium gluconate 104.41 102.22 97.51 93.38 99.38 
Means (D) 103.09 99.28 95.17 91.74  

new L.S.D. at 0.05 (T) = 0.46     
new L.S.D. at 0.05 (D) = 0.38     
new L.S.D. at 0.05 (TXD) = 0.92     



Middle East J. Appl. Sci., 8(4): 1046-1060, 2018 
ISSN 2077-4613 

 

1053 

Color is one of the most influent attributes for consumers. Chlorophyll pigments are responsible 
for the green color of many fruits, including guava. Surface color is an important index to evaluate the 
quality and ripening process in guava fruits; degree of color was determined with hue angle (h) 
values.  

The retardation of color development in fruits treated with chitosan and calcium treatments 
especially in combination treated fruits could be attributed to the slow rate of respiration and reduced 
ethylene production, which controlled the decrease of hue angle values. Therefore, the chitosan and 
calcium effects as a coating application delayed the ripening and senescence process consequently, 
reduced color alteration by preservation of chlorophyll content (Hong et al., 2012 and Abd El-
Moneim et al., 2015). 

 
Total soluble solids

 
Data presented in Table (5) cleared that the fruit juice TSS (%) gradually increased 

significantly with the extension of the cold storage period in both seasons. It can be also observed that 
the increase juice in TSS (%) was delayed by dipping in calcium gluconate and or different 
concentrations of edible coating chitosan. Fruits dipped in 2% edible coating chitosan plus 2% 
calcium gluconate induced significantly the least percentage of TSS after three weeks of cold storage. 
On the other hand, the highest percentage of TSS was significantly obtained from control fruits after 
three weeks of cold storage of the in the two seasons. 
 
Table 5: Effect of edible coating chitosan and calcium gluconate on total soluble solids (%) of 

Etmany guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                                            Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 9.02 10.23 10.25 10.31 9.95 
1% Edible coating chitosan  8.97 10.02 10.17 10.27 9.85 
2% Edible coating chitosan 8.92 9.97 10.17 10.25 9.83 
2% Calcium gluconate 8.99 10.03 10.22 10.29 9.88 
1% Edible coating chitosan + 2%Calcium gluconate 8.90 9.93 10.11 10.23 9.79 
2% Edible coating chitosan + 2%Calcium gluconate 8.87 9.83 10.05 10.21 9.74 
MEANS (D) 8.94 10.00 10.16 10.26  

new L.S.D. at 0.05 (T) = 0.03     
new L.S.D. at 0.05 (D) = 0.02     
new L.S.D. at 0.05 (TXD) = 0.06     

2nd  season 

Treatment (T)  
                                                                             Date (D)

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 9.08 10.18 10.25 10.31 9.96 
1% Edible coating chitosan  9.03 10.08 10.23 10.27 9.90 
2% Edible coating chitosan 9.02 10.07 10.13 10.25 9.87 
2% Calcium gluconate 9.07 10.12 10.23 10.28 9.93 
1% Edible coating chitosan + 2%Calcium gluconate 8.97 9.97 10.12 10.17 9.81 
2% Edible coating chitosan + 2%Calcium gluconate 8.93 9.93 10.07 10.17 9.78 
MEANS (D) 9.02 10.06 10.17 10.24  

new L.S.D. at 0.05 (T) = 0.02     
new L.S.D. at 0.05 (D) = 0.02     
new L.S.D. at 0.05 (TXD) = 0.04     

 
The total soluble solids (TSS) of the fruit increased with increase in storage period. The 

increase in fruit TSS with advancement of storage period can be related to several factors as, increase 
enzymes activity responsible for starch hydrolysis into sugars (Chawla et al., 2018), hydrolysis of cell 
wall polysaccharides and hemicelluloses (Hernandez-Munoz et al., 2008 and Comabella & Lara, 
2013), conversion of acids to sugars (Deepthi et al., 2016 and Chulaki et al., 2017) and increased 
percentage of dry matter due to water loss in the fruit (Nandaniya et al., 2017). 
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One of the responses to the use of coatings in fruits is the reduction of respiratory rate and loss 
of mass due to the reduced permeability to moisture and gases (CO2 and O2), reducing the metabolic 
rate and therefore maintaining the TSS content since the hydrolysis of starch to soluble sugars is much 
lower (Versino et al., 2016). 

The delay in the rise of TSS content for the chitosan-coated fruits might reflect changes in the 
internal atmosphere of the fruit, with a reduction in the O2 level and/or an increase in the CO2 level, 
which reduce the respiration rate and metabolic activity (Hong et al., 2012). A suppressing respiration 
rate also slows down the synthesis and the use of metabolites, resulting in lower TSS, due to the 
slower hydrolysis of carbohydrates to sugars (Das et al., 2013). An indirect outcome for the barrier 
effect imposed by chitosan, which in turn limited moisture loss and consequently reduced TSS 
relative to moisture content (Zahran et al., 2015). 

The present experimental results are in close conformity with the findings of Liu et al. (2014) 
on plums and Chawla et al. (2018) on guava fruits where a slow rise in TSS was recorded with 
chitosan.  

The decrease in TSS with calcium can be due to its film forming properties which decrease 
moisture loss, and thus, retaining the TSS concentration (Han et al., 2004) or may be due to the role of 
calcium in delaying metabolic activity of fruits during storage (Chulaki et al., 2017). 

The effect of calcium treatment on delaying the increase in TSS are in harmony with those 
reported by Sohail et al., (2015) on peach fruits and Chawla et al., (2018) on guava fruits. 
 
Total titratable acidity 

As shown in (Table 6), it is obvious that fruit juice acidity (%) gradually decreased with the 
prolongation of the cold storage period for all treatments in both seasons. The decrease in acidity 
content was delayed in the fruits treated with chitosan and calcium gluconate alone or in combination. 
Control fruits exhibited the least significant percentage of acidity after three weeks of cold storage, 
while fruits dipped in 2% edible coating chitosan plus 2% calcium gluconate attained significantly the 
highest percentage of acidity after three weeks of cold storage in both seasons. 

 
Table 6: Effect of edible coating chitosan and calcium gluconate on total titratable acidity (%) of 

Etmany guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 1.15 0.75 0.71 0.71 0.83 
1% Edible coating chitosan  1.18 0.84 0.77 0.73 0.88 
2% Edible coating chitosan 1.19 0.85 0.79 0.75 0.89 
2% Calcium gluconate 1.16 0.79 0.77 0.72 0.86 
1% Edible coating chitosan + 2%Calcium gluconate 1.21 0.87 0.81 0.76 0.91 
2% Edible coating chitosan + 2%Calcium gluconate 1.22 0.88 0.84 0.81 0.94 
Means (D) 1.19 0.83 0.78 0.75  

new L.S.D. at 0.05 (T) = 0.02     
new L.S.D. at 0.05 (D) = 0.02     
new L.S.D. at 0.05 (TXD) = 0.04     

2nd  season 

Treatment (T)  
Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 1.13 0.74 0.70 0.64 0.80 
1% Edible coating chitosan  1.16 0.81 0.72 0.69 0.85 
2% Edible coating chitosan 1.18 0.82 0.72 0.73 0.86 
2% Calcium gluconate 1.15 0.81 0.71 0.68 0.84 
1% Edible coating chitosan + 2%Calcium gluconate 1.19 0.83 0.75 0.74 0.88 
2% Edible coating chitosan + 2%Calcium gluconate 1.21 0.84 0.76 0.76 0.89 
Means (D) 1.17 0.81 0.73 0.71  

new L.S.D. at 0.05 (T) = 0.01     
new L.S.D. at 0.05 (D) = 0.01     
new L.S.D. at 0.05 (TXD) = 0.02     
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Gradually decrease in acidity during storage at low temperature and might be due to the 
conversion of acids into sugars and rapid utilization of organic acids in the respiratory process 
(Chulaki et al., 2017 and Nandaniya et al., 2017). 

The higher acidity in fruits treated with chitosan could be attributed to reduction in respiration 
rates and metabolic activities, thereby preventing loss of organic acids during cold storage 
(Hernandez-Munoz et al., 2008). 

Similar results with chitosan have been reported in plum (Bal, 2013), pomegranate (Zahran et 
al., 2015) and guava (Chawla et al., 2018). 

Calcium is found almost equally effective in maintaining higher acidity during low temperature 
storage. The higher acidity in fruits treated with calcium might be due to decreased hydrolysis of 
organic acids and subsequent accumulation of these acids, which are oxidized at a slower rate because 
of decreased respiration (Gupta et al., 2011). 

The present results with calcium treatment are in agreement with those reported on mango 
fruits (Dhillon and Kaur, 2013) and guava fruits (Chawla et al., 2018). 

 
TSS/acid ratio 
 

Data depicted in Table (7) clearly revealed that fruit juice TSS/acid ratio gradually increased 
with the prolongation of the cold storage period for all treatments in both seasons. It can be observed 
that fruit juice TSS/acid ratio decreased to a lower extent by dipping in calcium gluconate and/or 
different concentrations as compared to control. Fruits that were dipped in 2% edible coating chitosan 
plus 2% calcium gluconate had significantly the least content of TSS/acid ratio after three weeks of 
cold storage. On the other hand, the highest content of TSS/acid ratio  was significantly attained by 
control fruits after three weeks of cold storage of the in the two seasons. 

 
Table 7: Effect of edible coating chitosan and calcium gluconate on TSS/acid ratio of Etmany guava 

fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 7.84 13.58 14.43 14.52 12.59 
1% Edible coating chitosan  7.58 11.97 13.15 14.06 11.69 
2% Edible coating chitosan 7.50 11.73 12.92 13.67 11.45 
2% Calcium gluconate 7.75 12.65 13.27 14.36 12.01 
1% Edible coating chitosan + 2%Calcium gluconate 7.38 11.42 12.48 13.41 11.17 
2% Edible coating chitosan + 2%Calcium gluconate 7.25 11.17 12.01 12.61 10.76 
Means (D) 7.55 12.09 13.04 13.77  

new L.S.D. at 0.05 (T) = 0.27     
new L.S.D. at 0.05 (D) = 0.22     
new L.S.D. at 0.05 (TXD) = 0.54     

2nd  season 

Treatment (T)  
                                                                     Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 8.01 13.75 14.64 16.03 13.11 
1% Edible coating chitosan  7.77 12.40 14.28 14.88 12.33 
2% Edible coating chitosan 7.62 12.33 14.07 14.05 12.02 
2% Calcium gluconate 7.88 12.54 14.41 15.12 12.49 
1% Edible coating chitosan + 2%Calcium gluconate 7.54 12.06 13.50 13.74 11.71 
2% Edible coating chitosan + 2%Calcium gluconate 7.40 11.83 13.25 13.32 11.45 
Means (D) 7.70 12.48 14.03 14.52  

new L.S.D. at 0.05 (T) = 0.19     
new L.S.D. at 0.05 (D) = 0.16     
new L.S.D. at 0.05 (TXD) = 0.38     

 
The TSS/TA ratio is the most important parameter in evaluating fruit quality, it determines fruit 

flavor harmony and consumer acceptability (Sturm et al., 2003). Moreover, the increase in total 
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soluble solids/acid ratio could be attributed mainly to breakdown of starch, soluble sugars, sucrose 
and glucose during ripening (Abd El-Moneim et al., 2015). Chitosan-coated (1% and 2%) fruits 
exhibited a lower increase in the TSS/TA ratio than uncoated fruits during cold storage, reflecting 
reduced ripening compared to uncoated strawberries (Petriccione et al., 2015). 

 
Ascorbic acid (Vitamin C)

 
As demonstrated in (Table 8), it is obvious that fruit juice content of ascorbic acid gradually 

decreased significantly with the prolongation of the cold storage period for all treatments in both 
seasons. Control fruits exhibited the least significant value of fruit juice content of ascorbic acid after 
three weeks of cold storage, where fruits that were dipped in 2% edible coating chitosan plus 2% 
calcium gluconate attained significantly the highest value of fruit juice content of ascorbic acid after 
three weeks of cold storage in both seasons. 

 
Table 8: Effect of edible coating chitosan and calcium gluconate on ascorbic acid (mg/100 ml juice) 

of Etmany guava fruits during cold storage in 2014 and 2015 seasons 
1st season 

Treatment (T)  
                                                               Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 69.06 62.12 46.18 31.88 52.31 

1% Edible coating chitosan  69.41 64.77 50.27 35.76 55.05 
2% Edible coating chitosan 69.51 64.98 50.88 36.58 55.49 
2% Calcium gluconate 69.21 63.34 47.41 34.94 53.72 
1% Edible coating chitosan + 2%Calcium gluconate 69.68 65.18 51.70 37.60 56.04 
2% Edible coating chitosan + 2%Calcium gluconate 69.84 65.59 54.15 40.05 57.41 
Means (D) 69.45 64.33 50.10 36.13  

new L.S.D. at 0.05 (T) = 0.59     
new L.S.D. at 0.05 (D) = 0.48     
new L.S.D. at 0.05 (TXD) = 1.18     

2nd  season 

Treatment (T)  
                                                            Date (D) 

Days in cold storage  

0 7 14 21 Means (T) 

Water (control) 65.80 55.37 41.48 29.83 48.12 
1% Edible coating chitosan  66.20 58.44 47.41 35.96 52.00 
2% Edible coating chitosan 66.61 59.26 47.81 36.17 52.46 
2% Calcium gluconate 66.00 57.42 43.73 31.67 49.70 
1% Edible coating chitosan + 2%Calcium gluconate 67.63 60.07 51.29 37.19 54.05 
2% Edible coating chitosan + 2%Calcium gluconate 68.25 61.36 51.49 37.39 54.62 
Means (D) 66.75 58.65 47.20 34.70  

new L.S.D. at 0.05 (T) = 0.52     
new L.S.D. at 0.05 (D) = 0.42     
new L.S.D. at 0.05 (TXD) = 1.04     

 
The ascorbic acid content in fruits increases in the ripening period could be due to availability 

of fruit sugar, a precursor of ascorbic acid synthesis (Singh et al., 2005), and decreases  with 
advancement of storage period due to the activity of oxidation of ascorbic acid by oxidizing enzymes 
like ascorbic acid oxidase (ascorbinase), peroxidase, catalase and polyphenol oxidase, in addition the 
presence of phenolics in the fruit cells that may help to maintain the ascorbic acid content (Chulaki et 
al., 2017 and Nandaniya et al., 2017). 

Coatings serve as a protective layer and control the permeability of O2 and CO2, thus 
decreasing the autoxidation of ascorbic acid (Abd El-Moneim et al., 2015).The higher level of 
ascorbic acid in chitosan-coated fruit might reflect the low oxygen permeability, slowing down the 
respiration rate, which reduced the activity of the enzymes involved in the oxidation of ascorbic acid 
and delays the deteriorative oxidation reaction of ascorbic acid of fruit (Ball, 2013). 

Similarly, post-harvest application of calcium gluconate in the present study during storage was 
better in the retention of ascorbic acid compared to control, might be attributed to the slow rate of 
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oxidation in the respiration process that delays the overall ripening and senescence (Deepthi et al., 
2016). 

Results of Ca treatment are in agreement with those reported on jujube (Al-Obeed, 2012) and 
on guava (Chawla et al., 2018) fruits. 

 
Conclusion 
 

From the obtained results, it can be concluded that edible coating fruits with 2% chitosan 
coating plus 2% calcium gluconate is an effective treatment for reducing the rate of deterioration and 
as well for the retaining the quality attributes of Etmany guava fruits during extended cold storage. 
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