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ABSTRACT  

 
In the last years, considerable research has been conducted to develop and apply edible films 

and coatings on a variety of agricultural commodities. Such biopolymers include polysaccharides, 
proteins, and their blends. These materials present the possibility of being carriers of different 
additives, such as antimicrobial, antioxidant, nutraceuticals, and flavorings agents. In particular, the 
use of edibles films and coatings containing antimicrobials has demonstrated to be a useful tool as a 
stress factor to protect foodstuff against spoilage flora and to decrease the risk of pathogen growth. 
The antimicrobials used in this search are essential oil extracted from marjoram plant. The focus of 
this thesis is to develop carboxy-methylcellulose and Sodium alginate -based edible films for 
application on guava fruit and to extend their postharvest shelf life. Preliminary research 
demonstrated that edible coatings could effectively extend the shelf life of guava fruit. Carboxy-
methylcellulose and sodium alginate -based film formulations were evaluated to identify the proper 
type and concentration of carboxy-methylcellulose and sodium alginate, lipids and plasticizers in the 
film. It was application of these coating on guava fruit stored for 28 days and studied its effect on the 
weight loss, firmness, percentage decay, ascorbic acid, pigments, microbiological. Changes in coated 
fruits were lower as compared with the control samples. The current results indicated that, guava 
samples coated with CMC was better than guava samples coated with alginate and guava samples 
coated with CMCEO was better than guava samples coated with CMC, alginate and alginate EO.                                                                                                                                       
 
Key words: Edibles coatings, carboxy-methylcellulose, sodium alginate, antimicrobials, essential oil, 

guava. 

 
Introduction  
 

Guava (Psidium guajava L.) is an important fruit crop of the subtropical and tropical regions in 
the world. Its delicate nature, short postharvest life, and susceptibility to chilling injury and diseases, 
limit the potential for commercialization of guava fruit. Guava, being a highly perishable fruit, 
undergoes rapid postharvest ripening in a few days under ambient conditions. It is a climacteric fruit 
exhibiting respiratory and ethylene peaks during ripening (Akamine and Goo, 1979; Brown and Wills, 
1983; Bashir and Abu-Goukh, 2003). Guava is highly nutritious and contains high amounts of 
vitamins A, B1 (Thiamine), B2 (Riboflavin) and C (Ascorbic acid). The vitamin C content of guava 
fruit is 2– 5 times more than that of citrus fruit (Singh, 2005). It is highly palatable and is one of the 
choicest fruits having a rich source of vitamin C (260 mg/100 gm pulp) (Pedapati et al., 2014). 
However, guava is primarily consumed fresh, and exhibits a high respiration rate and fast ripening 
that leads to perishing during storage (Hong et al., 2012). Therefore, it is urgent to find a feasible 
solution to reduce decay incidence and improve fruit quality of guava after harvest. In this context, it 
is interest to evaluate the use of edible coatings to improve the quality of guavas during the storage 
period. 

Edible polymers such as polysaccharide, protein, and lipid are the three main ingredients used to 
produce edible films. In many instances two or all of these ingredients are blended to produce 
composite edible films (Hernandez-Izquierdo and Krochta, 2008). Both polysaccharides and protein 
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films have poor moisture barrier because of their hydrophilic properties. Lipid based edible films have 
good moisture barrier, but low mechanical properties due to their hydrophobic structures. The 
manufacture and use of composite films help to minimize the disadvantages of the individual 
components while making use of the strength in their properties (Hernandez-Izquierdo and Krochta, 
2008). 

Edible coatings, a new strategy to extend shelf life and improve food quality of whole fruits and 
fresh-cut fruits, have been applied to many products. They can provide a selective barrier to moisture, 
oxygen, and carbon dioxide gas transfer, which slows ripening, reduces moisture loss, and helps to 
maintain fresh aroma and flavor (Olivas and Barbosa-Canovas, 2005). Edible coatings are also used 
as carriers of active ingredients, such as anti-browning, antimicrobial, and texture enhancing 
compounds, as well as flavors and nutrients, to improve the quality, safety, and nutritional value of 
fresh-cut fruits (Rojas-Grau et al., 2009). Incorporating antimicrobial compounds into edible films or 
coatings provides a novel way to improve the safety and shelf-life of ready-to-eat foods (Cagri et al., 
2004). The use of edible coatings with certain additives, such as those with essential oils (EOs) 
incorporated, has been particularly highlighted over the years, because of its effect on extending the 
shelf life and facilitating the processing and consumption of food (Sung et al., 2013). 

The EOs and, more specifically, their bioactive molecules, are known for their antimicrobial, 
antiviral, insecticidal and antioxidant properties (Sivakumar and Bautista-Baños, 2014). Essential oils 
are regarded as alternatives to chemical preservatives, and their use in foods meets the demands of 
consumers for minimally processed natural products, as reviewed by Burt (2004). 

The development and application of biodegradable films on fruit could become a good 
alternative for protecting fruit from pests such as the fruit fly. This study aimed to develop 
biodegradable films by adding essential oil for extend shelf life and keeping quality of guava fruit 
during storage at room and cooling temperature. 

 
Materials and Methods 
 
Materials: 

 
Guava (Psidium guajava L.) was obtained from a local farm (Kalubiya, Egypt). During season of 

2016. The substances used in this experiment were carboxy methyl cellulose (CMC) was purchased 
from (El-Nour center for trading, Cairo, Egypt), sodium alginate was purchased from (Morgan 
Company FOR Chemicals, Cairo, Egypt), Glycerin from (El-Gomhouria chemical company), Sodium 
hypochlorite from (El-Gomhouria chemical company), Sodium hydroxide from (El Nasr 
Pharmaceutical Chemicals Company, Egypt), Sunflower seed oil was purchased from the local market 
at Giza, Egypt, marjoram oil was purchased from (National Research Center Cairo, Egypt). 

 
Methods: 
 
Preparation samples of fruit: 

 
Samples of fruit (Guava) used in the experiment were sorted and selected for their uniformity, 

maturity stage, size, color, external appearance and absence of damage and fungal infection. Samples 
were washed using chlorinated water (200 ppm) for 2 min and then left to dry at room temperature for 
about 1 h before coating. 
 
Preparation of edible coating and films with essential oil treatments: 
 
Carboxy-methylcellulose (CMC): 

 
CMC coating was prepared by mixing 10 gm CMC and 5 mL glycerin in 10 mL alcohol 95 plus 

2000 ml of distilled water.Solution pH was adjusted to pH 7 using 1 ml citric acid and 10 NaoH 
solution. Then the solution was heated to 75 for 15 min using a heating magnetic stirrer according to 
(Lin and Guong, 2008). In this trail, the described film formation solution mentioned above was 
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modified by emulsified with sunflower oil (0.050 g/100 ml coating solution) and add marjoram oil 
(0.5 ml/100 ml coating solution).  
 Sodium alginate: 

 
Alginate coating was prepared according to Rojas-Grau et al. (2007). Two grams of sodium 

alginate was dissolved in 100 ml sterilized distilled water and heated at 70°C, until the solution 
became clear. After cooling, glycerol was added as plasticiser to a final concentration of 1.5 g/100 ml 
solution. The solution was emulsified with sunflower oil (0.050g/100 ml coating solution) at 24,500 
rpm for five minutes, before pH adjustment to 5.6 by using 50 (w/v) citric acid. The solution was 
modified by adding marjoram oil (o.5 ml/100 ml coating solution). 

The guava samples were coated with CMC and alginate coating solution before and after 
addition of marjoram oil after that storage at room and cooling temperature. 

 
Quality attributes: 

 

Weight loss: 
 

Weight of coated fresh fruit during room and cold storage was measured by monitoring the 
weight changes of periods storage weight loss was calculated as percentage loss of initial weight: as 
reported by (Han et al. 2004). 

 

Firmness: 
 

The firmness of fresh fruit was determined by measuring the compression force (Newton (N)) of 
the samples using a texture analyzer (shimpo, digital force gauga, ser. No/N928 G006 DC 9V.200 
MA (FGV)-20.00kg /200.0N/50.00 ib). According to methods of (Han et al. 2004). 

 

Percentage of Decay: 
 

Fresh guava was examined for mold growth during periods of storage. A fruit was considered 
infected when a visible lesion was observed. The decay incidence was expressed as percentage of fruit 
infected for all fruits were used for measurement according to methods (Han, et al. 2004). 
 
Decay = weight fruit infected / weight bases ×100. 

 

Ascorbic acid: 
 

Ascorbic acid content was estimated in fresh fruit of tested materials according to AOAC. (2005) 
using 2, 6 dichlorophenol-indophenols by titratable method. Result was expressed as mg ascorbic acid 
per 100gm samples. 

 
Total chlorophyll and carotenoids contents: 

 
The total chlorophyll and carotenoids were determined in the fresh fruit according to (Askar and 

Treptow, 1993).  
 

Microbiological analysis: 
 

Total plate counts: 
 
Total colony count of bacteria was estimated using plate count agar medium according to the 

procedures, described (FAO/WHO., 1995). 
 

Psychrophilic bacterial counts: 
 

Psychrophilic bacterial count was estimated as described in typical procedure of the total 
bacterial count method, except incubation was carried out at 7ºC for 5 days in refrigerator according 
to American public Health Association FAO. (1992).  
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Molds and yeasts counts: 
 
The mold and yeast were determined using the methods for the microbiological examination of 

foods described by American public Health association (AP.H.A., 1976).  
 

 Statistical Analysis: 
 
All data of fresh samples fruit and vegetables were analyzed using SPSS (version 16.0 software 

Inc. Chicago, USA) of completely randomized design as described by Gomez and Gomez (1984). 
Treatment means were compared using least signification differences (LSD) at 0.05 levels of 
probability and standard error. 

 
Results and Discussion 

 
Changes in weight loss of coated guava fruit during storage period: 

 
The weight loss is indicative of a fruit dehydration process due to transpiration and it involves 

water transfer from the cell to the surrounding atmosphere, thus representing a way to evaluate 
coating efficiency in the preservation of quality (Pérez-Gago et al., 2010). 

The results obtained are presented in table (1), from this table; it could be observed that the 
weight loss was increased with increasing the storage period at room and cool temperature for all 
samples.  

 
Table 1: Effect of storage (at 7°C and 25°C for 28 days) on weight loss of coated fresh guava fruit during 

storage period: 
Treatments Storage 

period 
(days) 

At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

0 0 0 0 0 0 
8.40b±0.17 6.21c±0.11 6.12c±0.11 5.39d±0.05 12.90a±0.11 4 

14.60b±0.23 13.06c±0.23 12.80c±0.17 11.13d±0.11 20.70a±0.23 8 
- - - - 29.60a±0.28 10 

22.42a±0.34 21.97a±0.28 21.90a±0.23 19.03b±0.17 - 12 
- 29.50a±0.34 - 26.70b±0.23 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
0 0 0 0 0 0 

1.20b±0.05 1.06b±0.05 1.07b±0.05 0.38c±0.05 1.49a±0.11 4 
1.75b±0.11 1.46b±0.14 1.47b±0.08 0.83c±0.08 2.24a±0.14 8 

- - - - - 10 
2.48 ±0.17 1.95c±0.17 1.95c±0.11 1.29d±0.11 3.22a±0.17 12 
3.36b±0.23 2.58c±0.20 2.52c±0.14 1.90d±0.14 4.48a±0.20 16 
4.38b±0.25 3.28c±0.21 3.23c±0.17 2.73c±0.16 5.73 ±0.23 20 
5.43b±0.26 4.22c±0.23 4.15c±0.20 3.67c±0.17 6.90a±0.25 24 
6.60a±0.28 5.32b±0.24 5.17b±0.23 4.83b±0.19 - 28 

 CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                

 
The control samples at room temperature lost 29.60% of its initial weight after 10 days, where 
retained shelf-life till 10 days, whereas, the weight loss of coated samples were 21.90 % for samples 
treated with CMC and 22.42% for samples treated with alginate at the 12th day of storage, while the 
weight loss of coated samples were 26.70 % for samples treated with CMCEO and 29.50% for 
samples treated with alginate EO at the 16th day of storage at room temperature. On the other hand at 
cooled storage guava control sample appeared shelf-life period till 24 days and lost 6.90 of its initial 
weight. At the same time weight loss for coated samples with CMC, CMCEO, alginate and alginate 
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EO reached 4.15, 3.67, 5.43 and 4.22% respectively.  However, the weight loss of coated samples 
with CMC, CMCEO, alginate and alginate EO were retained its appearance and freshness till 28 days 
of cooled storage with maximum loss of  5.17, 4.83, 6.60 and 5.32% respectively. 

Generally, it could be concluded that weight loss of guava samples coated with CMC, CMCEO, 
alginate and alginate EO and stored at cooling temperature was lower than that occurred in samples 
kept at room temperature, while samples treated with CMCEO has lower weight loss as compared 
with samples coated with CMC, As well as the samples treated with alginate EO has lower weight 
loss as compared with samples coated with alginate, also only the samples treated with CMCEO has 
lower weight loss as compared with samples coated with CMC, alginate and alginate EO. Loss of 
weight in fresh fruit and vegetable is mainly due to the loss of water caused by transpiration and 
respiration processes (Zhu et al., 2008). 

 
 Changes in Firmness of examined guava fruit during storage: 

 
Fruit firmness is often the first of many quality major attributes judged by the consumer and is, 

therefore, extremely important in overall product acceptance. Guava suffers a rapid loss of firmness 
during senescence which contributes greatly to its short postharvest life and susceptibility to fungal 
contamination. Loss of firmness is one of the main factors limiting quality and the post-harvest shelf-
life of fruit and vegetables (Barth et al., 1993). 

The results of guava firmness measurement obtained were tabulated in table (2) it could be 
noticed that the firmness of uncoated and coated guava was gradually decreased with increasing the 
storage period at room and cooling temperatures 

 
Table 2: Effect of storage (at 7°C and 25°C for 28 days) on firmness (N) of coated fresh guava fruit during 

storage period: 
Treatments Storage 

period 
(days) 

At   room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

50.6a±0.28 50.8a±0.17 50.6a±0.05 50.6a±0.11 50.6a±0.34 0 
36.4d±0.23 37.2c±0.23 38.6b±0.11 39.5a  ±0.17 35.3f±0.28 4 
22.5d±0.34 25.2c±0.28 26.5b±0.17 28.9a  ±0.23 20.1f±0.23 8 

- - - - 8.1a±0.17 10 
8.7c±0.17 12.9b±0.28 13.2b±0.23 18.1a±0.28 - 12 

- 8.1b±0.17 - 9.2a±0.11 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
51.1a±0.34 51.3a±0.17 51.3a±0.11 51.3a±0.05 50.6a±0.51 0 
46.8b±0.34 47.6b±0.23 47.7b±0.17 48.8a ±0.11 44.5c  ±0.46 4 
41.0c±0.28 42.5b±0.28 42.7b±0.23 43.9a ±0.17 38.2d  ±0.40 8 

- - - - - 10 
35.0c±0.23 37.0b±0.34 37.3b±0.28 38.4a ±0.23 31.6d±0.34 12 
29.0c±0.17 30.9b±0.40 31.0b±0.34 32.0a±0.28 24.5d±0.28 16 
22.7c±0.11 23.9b±0.34 24.1b±0.34 25.1a±0.34 17.1d±0.23 20 
16.2b±0.05 16.7b±0.28 17.0b±0.28 17.9a±0.34 9.4c±0.11 24 
10.2c±0.11 10.8bc±0.23 11.4b±0.34 12.9a±0.28 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                

 
 For examples; in control samples the firmness decreased from 50.6 N at initial storage at room 
temperature to 8.1N after 10 days of storage, whereas, the firmness of coated samples were 13.2 N for 
samples treated with CMC and 8.7 N for samples treated with alginate at the 12th day of storage, while 
the firmness of coated samples were 9.2 N for samples treated with CMCEO and 8.1 N for samples 
treated with alginate EO at the 16th day of storage at room temperature. On the other hand at cooling 
storage guava firmness for the control samples decreased from 50.6N at initial storage to 9.4N after 
24 days of storage. At the same time the firmness for coated samples with CMC, CMCEO, alginate 
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and alginate EO reached to 17.0, 17.9, 16.2 and 16.7 N respectively.  However, the firmness of coated 
samples with CMC, CMCEO, alginate and alginate EO decreased to 11.4, 12.9, 10.2 and 10.8 N 
respectively after 28 days of cooling storage.  

Generally, it could be concluded that coating protected fruit and reduce loss of 
firmness of guava fruits. The firmness for guava samples coated with CMC, CMCEO, alginate and 
alginate EO and stored at cooling temperature was higher than that found in samples kept at room 
temperature, while samples treated with CMCEO has higher firmness as compared with samples 
coated with CMC, As well as the samples treated with alginate EO has higher firmness as compared 
with samples coated with alginate, also the samples treated with CMCEO has higher firmness as 
compared with samples coated with CMC, alginate and alginate EO. 

Firmness loss during climacteric fruit ripening is directly related to disassembly of cell wall 
components (Lohani et al., 2004) and modification of pectin fractions mainly, with an increase in 
pectin solubilization (Huber, 1983). These changes are resultant of an increase in activity of cell wall 
hydrolases, which have been closely associated to ethylene (Brummell and Harpster, 2001). Also, cell 
wall hydrolases polygalacturonase (PG), pectinesterase (PE) and cellulase in both white and pink 
flesh guavas have shown to increase in activity during ripening, with a correlation between increase in 
activity of PG and cellulase and loss of flesh firmness (Abu-Goukh and Bashir, 2003). 

 
Percentage of decay incidence of coated fresh fruit during storage: 

 
The guava fruits at technology (ripe stage) were sorted and washed with sanitized solution; air 

dried and dipped in CMC, CMCEO, alginate and alginate EO, then packaged and kept at room and 
cooling temperature. The results obtained for decay percentage are presented in Table (3). 

 
Table 3: Effect of storage (at 7°C and 25°C for 28 days) on percentage of decay incidence of coated fresh 

guava during storage period: 
Treatments Storage period 

(days) At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

0 0 0 0 0 0 
0 0 0 0 0 4 

9.7 8.2 7.7 5.2 18.9 8 
- - - - 38.7 10 

27.5 23.7 23.2 19.4 - 12 
- 36.2 - 32.1 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
0 0 0 0 0 0 
0 0 0 0 0 4 
0 0 0 0 0 8 
- - - - - 10 
0 0 0 0 0 12 
0 0 0 0 0 16 
0 0 0 0 8.2 20 

11.0 9.3 8.6 6.3 20.4 24 
17.2 14.6 13.7 11.5 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                

 
From Table (3) it could be noticed that the decay began to appear in control samples of guava stored 
at room temperature after 4 days of storage which was found to be 18.9 % at 8 days of storage.  After 
10 days of storage at room temperature the decay percentage of control samples reached to 38.7% of 
total guava weight, while after 12 days of storage control samples of guava fruit completely spoiled. 
On the other hand, guava coated with CMC, CMCEO, alginate and alginate EO, retained its quality 
without decay sings for 4 day of storage and after 8 day of storage sings of decay appeared on the 
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samples coated with CMC, CMCEO, alginate and alginate EO, with the following percentage 7.7, 5.2, 
9.7 and  8.2% respectively, of its initial weight. After 12 days the decay percentages progressively and 
gradually increased to reach a level bettween19.4 to 27.5% for all coated samples. Also, after 16 days 
of storage at room temperature the decay percentages progressively and gradually increased to reach 
32.1and 36.2 % of initial weight for CMCEO and alginate EO coated samples respectively.  

Concerning, the decay percentages of guava treatments stored at the cooling temperature showed 
retained its quality with no decay signs appeared till 20 days of cooling storage as compared with 
control samples stored at cooling condition (16 days). However, decay signs were appeared in control 
samples after 20 days of cooled storage at percentage (8.2%) and gradually increased to reach 20.4% 
after 24 days of storage. While, guava coated with CMC, CMCEO, alginate and alginate EO, retained 
its freshness till 20 days at cooling storage. The decay signs began to appear in cooled samples after 
24 days of storage which was  8.6, 6.3, 11 and 9.3% respectively, followed by progressive and gradual 
increase in decay rate for samples coated with CMC, CMCEO, alginate and alginate EO. However, it 
was observed that after 28 days of cooled storage the percent of spoiled guava fruit  were 13.7, 11.5, 
17.2 and14.6 % for CMC, CMCEO, alginate and alginate EO coated samples respectively. 

Generally, it could be concluded that coating of guava with CMC, CMCEO, alginate and  
alginate EO prolonged the shelf life of guava stored at room 4-6 days and cooled temperature for 20 
days as compared with control samples. At the same time CMCEO coating was more effective with 
guava fruit than CMC, alginate and alginate EO.  

 

Changes occurred in ascorbic acid of coated guava fruit during storage: 
 

The changes in ascorbic acid content of coated guava fruit were determined during storage 
period at room and cooling temperature. The obtained results are recorded in Table (4).  

 
Table 4: Effect of storage (at 7°C and 25°C for 28 days) on ascorbic acid contents (mg/100g) of coated fresh 

guava during storage period: 
Treatments Storage 

period 
(days) 

Room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

172a±2.30 172a±1.73 172a±1.15 172a±0.57 172a±3.46 0 
147ab±2.30 150a±2.30 151a±1.73 154a±1.15 142b±2.88 4 
121b±2.88 126ab±2.30 127ab±2.30 132a±1.73 110c±2.30 8 

- - - - 80a±1.73 10 
89c±2.88 98b±2.88 99b±2.88 109a±2.30 - 12 

- 80b±2.30 - 85a±2.30 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
172a±2.88 172a±2.30 172a ±1.73 172a±0.57 172a±2.88 0 
160a±2.30 162a±2.88 164a±2.30 166a±1.15 159a±2.30 4 
148bc±2.30 151abc±2.88 154ab±2.88 158a±1.73 145c±1.73 8 

- - - - - 10 
136bc±2.30 140b±2.30 143ab±2.30 148a±2.30 131c±1.15 12 
124c±1.73 128bc±1.73 131ab±1.73 136a±2.88 116d±0.57 16 
111c±1.15 117b±1.73 119ab±1.15 124a±2.30 101d±2.30 20 
98c±0.57 104b±1.15 106b ±0.57 111a±1.73 84d±1.73 24 
86d±0.57 90c±0.57 93b±1.15 98a±1.15 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                

 
The results indicated that the ascorbic acid decreased with increasing of storage period for guava fruit. 
For examples, in control samples the ascorbic acid decreased from 172 mg/100g  at initial storage at 
room temperature to 80 mg/100g  after 10 days of storage, whereas, the ascorbic acid of coated 
samples were 99 mg/100g  for samples treated with CMC and 89mg/100g  for samples treated with 
alginate at the 12 day of storage, while the ascorbic acid of coated samples were 85 mg/100g  for 
samples treated with CMCEO and 80 mg/100g  for samples treated with alginate EO at the 16 day of 
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storage at room temperature. On the other hand at cooled storage of coated guava fruit, ascorbic acid 
for the control samples decreased from 172 mg/100g at initial storage to 84 mg/100g after 24 days of 
storage. At the same time the ascorbic acid for coated samples with CMC, CMCEO, alginate and  
alginate EO reached to (106, 111, 98 and  104 mg/100g) respectively.  However, the ascorbic acid of 
coated samples by CMC, CMCEO, alginate and alginate EO decreased to (93, 98, 86 and   90 
mg/100g) respectively after 28 days of cooled storage.  
  Generally, it could be concluded that coating and cooling protected fruit and reduce the loss 
of ascorbic acid content of guava fruits. The ascorbic acid content for guava samples coated with 
CMC, CMCEO, alginate and alginate EO and stored at cooling temperature was higher than that 
found in samples kept at room temperature, while samples treated with CMCEO has higher ascorbic 
acid as compared with samples coated with CMC only, As well as the samples treated with alginate 
EO has higher ascorbic acid as compared with samples coated with alginate only, also the samples 
treated with CMCEO has higher ascorbic acid as compared with samples coated with CMC, alginate 
and alginate EO. The decrease in ascorbic acid during storage may be due to conversion of ascorbic 
acid to dehydroascorbic acid due to the action of ascorbic acid oxidase (Mapson, 1970 and Singh et 
al., 2005). 

 
Changes in pigments contents of coated guava fruit during storage: 

 
The changes occurred in chlorophyll and carotenoids of coated guava were determined during 

storage period at room and cooling temperature. The obtained results are shown in Table (5 and 6). 
The results indicated that the chlorophyll decreased and carotenoid increased with increasing of 
storage period for guava.  

Table (5) shows the changes in chlorophyll of guava during storage at room and cooling 
temperature.  

 
Table 5: Effect of storage (at 7°C and 30°C for 28 days) on chlorophyll content (mg/100g) of coated guava fruit 

during storage period: 
Treatments Storage 

period 
(days) 

At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

20.02a±0.23 20.03a±0.17 20.02a ±0.11 20.03a±0.05 20.01a±0.51 0 
17.30b±0.23 17.80ab±0.23 18.10ab±0.17 18.30a±0.11 16.10c±0.46 4 
11.80c±0.17 13.20b±0.17 13.50b±0.23 15.20a±0.17 11.20c±0.28 8 

- - - - 6.10a ±0.17 10 
6.30c±0.11 8.80b±0.11 8.80b±0.17 11.70a±0.17 - 12 

- 5.70b±0.11 - 7.10a±0.11 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
20.01a ±0.34 20.02a±0.23 20.04a ±0.17 20.04a±0.11 20.03a±0.46 0 
18.90a ±0.34 19.30a±0.28 19.30a ±0.23 19.40a±0.17 18.80a±0.40 4 
17.70a ±0.28 18.10a±0.34 18.20a ±0.28 18.50a±0.23 17.50a±0.34 8 

- - -- - - 10 
16.40ab±0.23 16.80ab±0.28 17.00ab±0.28 17.30a±0.28 16.10b±0.28 12 
14.50b±0.17 15.00ab±0.23 15.20ab±0.23 15.50a±0.23 13.50c±0.23 16 
12.50b±0.11 13.00ab±0.17 13.00ab±0.17 13.20a±0.11 10.40c±0.17 20 
9.80c±0.11 10.10bc±0.11 10.20ab±0.11 10.50a±0.05 7.10d±0.11 24 
6.40d±0.05 6.80c±0.05 7.00b ±0.05 7.21a±0.05 - 28 

CMC: Carboxy methyl cellulose;   EO: essential oil (0.5 ml marjoram /100 ml coating solution);   
   

For example; in control samples the chlorophyll decreased from 20.01 mg/100g at initial storage at 
room temperature to 6.10 mg/100g  after 10 days of storage, whereas, the chlorophyll of coated 
samples were 8.80 mg/100g  for samples treated with CMC and 6.30 mg/100g  for samples treated 
with alginate at the 12 days of storage, while the chlorophyll of coated samples were 7.10 mg/100g  
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for samples treated with CMCEO and 5.70 for samples treated with alginate EO at the 16 day of 
storage at room temperature. On the other hand at cooled storage guava, chlorophyll for the control 
samples decreased from 20.03 mg/100g at initial storage to 7.10 mg/100g after 24 days of storage. At 
the same time the chlorophyll for coated samples with CMC, CMCEO, alginate and alginate EO 
reached to 10.20, 10.50, 9.80, 10.10 mg/100g respectively.  However, the chlorophyll of coated 
samples with CMC, CMCEO, alginate and alginate EO decreased to 7.0, 7.21, 6.40, 6.80 mg/100g 
respectively after 28 days of cooled storage. The obtained results indicated that coated  guava fruit by 
using coating materials and storage at cooling temperature reduce the degradation of chlorophyll as 
compared with samples stored at room temperature.    

Also, results presented in table (6) showed the changes in the carotenoids of coated guava fruit 
during storage at room and cooling temperature.  It was observes that the increasing rate of total 
carotenoid pigments in uncoated fruit was higher than that found in coated samples stored at room 
temperature. For example in control samples the total carotenoid increased from 0.54 mg/100g at 
initial storage at room temperature to 2.52 mg/100g after 10 days of storage, whereas, the carotenoid 
of coated samples were 1.78 mg/100g for samples treated with CMC and 2.03 mg/100g for samples 
treated with alginate at the 12 days of storage, while the total carotenoid of coated samples were 2.06 
mg/100g for samples treated with CMCEO and 2.46 mg/100g for samples treated with alginate EO at 
the 16 days of storage at room temperature. On the other hand at cooled storage carotenoid contents in 
guava fruit increased from 0.52 mg/100g at initial storage to 2.06 mg/100g after 24 days of storage for 
the control samples. At the same time the carotenoid for coated samples with CMC, CMCEO, alginate 
and alginate EO reached to (1.68, 1.56, 1.94 and 1.73 mg/100g) respectively.  However, the 
carotenoid of coated samples with CMC, CMCEO, alginate and alginate EO increased to (1.95, 1.79, 
2.24 and, 2.01 mg/100g) respectively after 28 days of cooled storage. 
                                         
Table 6: Effect of storage (at 7°C and 30°C for 28 days) on total carotenoids contents (mg/100g) of coated 

guava fruit during storage period: 
Treatments Storage 

period 
(days) 

At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

0.54a±0.03 0.54a±0.03 0.53a±0.02 0.53a±0.02 0.54a±0.05 0 
0.98b±0.04 0.92bc±0.04 0.86bc±0.03 0.80c±0.02 1.12a±0.04 4 
1.43b±0.04 1.32bc±0.04 1.26cd±0.04 1.17d ±0.03 1.77a±0.04 8 

- - - - 2.52a±0.03 10 
2.03a±0.05 1.86b±0.05 1.78b±0.04 1.59c±0.02 - 12 

- 2.46a±0.03 - 2.06b±0.02 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
0.53a±0.04 0.52a±0.03 0.52a ±0.02 0.51a  ±0.02 0.52a±0.05 0 
0.73a±0.04 0.70a±0.04 0.68a±0.03 0.64a  ±0.02 0.75a±0.05 4 
0.94a±0.05 0.88ab±0.04 0.85ab±0.04 0.80b±0.03 0.98a±0.04 8 

- - - - - 10 
1.16ab±0.05 1.07abc±0.05 1.04bc±0.04 0.97c±0.04 1.22a±0.04 12 
1.40ab±0.04 1.28bc±0.04 1.22c ±0.05 1.15c±0.04 1.48a±0.03 16 
1.66a±0.03 1.49b±0.04 1.44b ±0.05 1.35b±0.05 1.76a±0.02 20 
1.94a±0.02 1.73b±0.03 1.68bc±0.04 1.56c±0.05 2.06a±0.02 24 
2.24a ±0.02 2.01b±0.02 1.95b ±0.02 1.79c±0.04 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                
  

Generally, it could be concluded that the chlorophyll and carotenoid of guava fruit samples 
coated with CMC, CMCEO, alginate and alginate EO and stored at room and cooling temperature 
were remarkably changed. The samples treated with CMC and alginate was showed higher content of 
carotenoid in treatments stored at room and cooling temperature. Also, uncoated samples contained 
higher concentration of carotenoids as compared with coated samples and better than samples coated 
with CMCEO, as well as the samples treated with alginate were better than the samples coated with  
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alginateEO, also the samples treated with CMC were better than the samples coated with CMCEO. 
Brecht (1980) and Pereira (2003) reported that the color of fruits is associated with synthesis and 
degradation of pigments. Pereira (2003) showed that for white guava fruits the green color decreased 
along with the decrease of chlorophyll level and yellow color increased with the increase of 
carotenoid level. 

 
Microbiological quality: 

 
In the last decades, several studies have focused on the development of coatings based on 

proteins or polysaccharides with natural food preservatives to control microbial growth on fruits and 
vegetables. Antimicrobials can be added to edible coatings to retard the growth of bacteria, yeasts, 
and molds during storage and distribution of fresh or minimally processed products (Valencia-
Chamorro et al., 2011; Lucera et al., 2012). 

 
Total bacterial counts: 

 
The changes in total bacterial counts of coated and uncoated guava were determined during 

storage period at room and cooling temperature. The obtained results are shown in Table (7) and 
indicated that the total plate counts gradually increased with increasing storage period at room and 
cooling temperature.  

 
Table 7: Effect of storage (at 7°C and 25°C for 28 days) on total bacterial counts (log cfu/g) of coated guava 

fruit. 
Treatments Storage 

period 
(days) 

At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

2.00 2.00 2.00 2.00 2.00 0 
2.52 2.47 2.47 2.42 2.52 4 
2.77 2.71 2.69 2.63 2.80 8 

- - - - 2.97 10 
2.95 2.88 2.86 2.80 - 12 

- 2.98 - 2.94 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
2.00 1.52 1.82 1.52 2.00 0 
2.21 2.00 2.00 1.82 2.31 4 
2.37 2.22 2.22 2.12 2.47 8 

- - - - - 10 
2.52 2.47 2.42 2.30 2.56 12 
2.63 2.59 2.56 2.47 2.69 16 
2.72 2.63 2.62 2.59 2.80 20 
2.83 2.77 2.73 2.67 2.91 24 
2.88 2.84 2.83 2.80 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                

 
For example in control samples the TPC increased from 2.0 log cfu/g at initial storage at room 
temperature to 2.97 log cfu/g after 10 days of storage, whereas, the TPC of coated samples were 2.86 
log cfu/g for samples treated with CMC and 2.95 log cfu/g for samples treated with alginate at the 12 
days of storage, while the TPC of coated samples were 2.94 log cfu/g for samples treated with 
CMCEO and 2.98 log cfu/g for samples treated with alginate EO at the 16 days of storage at room 
temperature. On the other hand at cooled storage of guava fruit, TPC for the control samples increased 
from 2.0 log cfu/g at initial storage to 2.91 log cfu/g after 24 days of storage. At the same time the 
TPC for coated samples CMC, CMCEO, alginate, alginate EO reached to 2.73, 2.67, 2.83 and 2.77 
log cfu/g respectively.  However, the TPC of coated samples by CMC, CMCEO, alginate and alginate 
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EO increased to 2.83 log cfu/g, 2.80, 2.88 and 2.84 log cfu/g) respectively after 28 days of cooling 
storage. 

 

Psychrophilic bacterial counts: 
 

The psychrophilic bacteria count in coated guava fruit was determined during storage period at 
room and cooled temperature. The obtained results are shown in Table (8) and indicated that the 
psychrophilic bacteria counts gradually increased with increasing storage period at room and cooled 
temperature. For example in control samples the psychrophilic bacteria counts increased from 2.0 log 
cfu/g at initial storage at room temperature to 2.98 log cfu/g after 10 days of storage, whereas, the 
psychrophilic bacteria counts of coated samples were 2.85 log cfu/g for samples treated with CMC 
and 2.95 log cfu/g for samples treated with alginate at the 12 days of storage, while the psychrophilic 
bacterial counts of coated samples were 2.94 log cfu/g for samples treated with CMCEO and 2.97 log 
cfu/g for samples treated with alginate EO at the 16 day of storage at room temperature. While the 
psychrophilic bacterial counts in control samples of guava fruit stored under cooling temperature was 
increased from 2.0 log cfu/g at initial storage to 2.98 log cfu/g after 24days of storage. At the same 
time the psychrophilic bacteria counts for coated samples with CMC, CMCEO, alginate and alginate 
EO reached to 2.86, 2.84, 2.90 and 2.88 log cfu/g) respectively.  However, the psychrophilic bacteria 
counts of coated samples with CMC, CMCEO, alginate and  alginate EO increased to 2.94, 2.92, 2.98 
and 2.95 log cfu/g) respectively after 28 days of cooled storage. 

 
Table 8: Effect of storage (at 7°C and 25°C for 28 days) on psychrophilic bacterial count (log cfu/g) of coated 

guava fruit. 
Treatments Storage 

period 
(days) 

At  room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

2.00 2.00 2.00 2.00 2.00 0 
2.52 2.47 2.42 2.37 2.52 4 
2.78 2.75 2.73 2.59 2.80 8 

- - - - 2.98 10 
2.95 2.86 2.85 2.78 - 12 

- 2.97 - 2.94 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  cooling temperature 
2.00 1.82 2.00 1.82 2.00 0 
2.22 2.10 2.10 2.00 2.22 4 
2.42 2.37 2.30 2.20 2.47 8 

- - - - - 10 
2.60 2.50 2.47 2.40 2.69 12 
2.75 2.71 2.69 2.63 2.78 16 
2.86 2.83 2.80 2.79 2.88 20 
2.90 2.88 2.86 2.84 2.98 24 
2.98 2.95 2.94 2.92 - 28 

CMC: Carboxy methyl cellulose;   EO: essential oil (0.5 ml marjoram /100 ml coating solution)                                               
 

Molds and yeast counts: 
 
The molds and yeast of coated guava fruit were determined during storage period at room and 

cooling temperature. The obtained results are shown in Table (9). From data in Table (9) it could be 
exhibited that the molds and yeast gradually increased with increasing storage period at room and 
cooling temperature. For example in control samples at room temperature the molds and yeast 
increased to 1.88 log cfu/g after 10 days of storage, whereas, the molds and yeast of coated samples 
were 1.70 log cfu/g for samples treated with CMC and 1.75 log cfu/g for samples treated with alginate 
at the 12 day of storage, while the molds and yeast of coated samples were 1.82 log cfu/g for samples 
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treated with CMCEO and 1.93 log cfu/g for samples treated with alginate EO at the 16 days of storage 
at room temperature. On the other hand, at cooling storage of guava fruit, molds and yeast for the 
control samples increased to 1.72 log cfu/g after 24 days of storage. At the same time the molds and 
yeast for coated samples with CMC, CMCEO, alginate and alginate EO reached to 1.48, 1.42, 1.64 
and 1.56 log cfu/g respectively.  However, the molds and yeast of coated samples with CMC, 
CMCEO, alginate and  alginate EO increased to 1.60, 1.56, 1.70 and 1.66 log cfu/g respectively after 
28 days of cooling storage. 

 
Table 9: Effect of storage (at 7°C and 25°C for 28 days) on molds and yeast count (log cfu/g) of coated guava 

fruit. 
Treatments 

Storage period 
(Days) 

At  Room temperature 
Alginate Alginate+(EO) CMC CMC+(EO) Control 

0 0 0 0 0 0 
1.22 1.20 1.12 1.00 1.30 4 
1.52 1.42 1.36 1.31 1.56 8 

- - - - 1.88 10 
1.75 1.72 1.70 1.60 - 12 

- 1.93 - 1.82 - 16 
- - - - - 20 
- - - - - 24 
- - - - - 28 

At  Cooling temperature 
0 0 0 0 0 0 
0 0 0 0 0 4 

1.12 1.00 1.00 0.52 1.22 8 
- - - - - 10 

1.30 1.22 1.22 1. 00 1.36 12 
1.48 1.36 1.30 1.12 1.52 16 
1.56 1.42 1.36 1.30 1.63 20 
1.64 1.56 1.48 1.42 1.72 24 
1.70 1.66 1.60 1.56 - 28 

CMC: Carboxy methyl cellulose;   EO : essential oil (0.5 ml marjoram /100 ml coating solution);                                                
 

Conclusion  
 

Among different coatings in this study and storage conditions, CMCEO in room and cooling 
condition was found to be the best followed by CMC, alginate EO, and alginate and could be used to 
store for 28 days with maintenance of texture, color, ascorbic acid and marketability. 
Commercialization of such innovations might bring large improvements in marketability and 
consumption of fresh guava. Furthermore, combination of essential oil with edible coatings can be a 
feasible way of improving microbial stability and quality of fresh guava, thus extending their shelf-
life. 
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