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ABSTRACT
This study investigates the enhancement of carboxymethyl cellulose (CMC)/
glycerol (Glyc) edible coatings through gamma irradiation (0, 1, 2, and 3 kGy) 
to extend the shelf life of fresh cucumbers. Analytical characterization using 
Fourier Transform Infrared (FTIR) confirmed that the primary functional groups 
of the CMC matrix remained stable following irradiation. Thermal evaluations 
via Thermogravimetric Analysis (TGA), Differential scanning calorimetry 
(DSC), and Thermomechanical Analysis (TMA) revealed that a 2 kGy dose 
provided an optimal for thermal stability due to radiation-induced cross-linking. 
Physicochemical results showed that irradiated coatings (3 kGy) significantly 
outperformed unirradiated controls in preserving quality throughout a 28-
day storage period. Rheological analysis indicated that irradiation reduced the 
apparent viscosity of the CMC/Glyc solutions due to the cleavage of glycosidic 
bonds, which improved application characteristics. Furthermore, microbiological 
testing demonstrated that the 3 kGy irradiated coating acted as a potent 
antimicrobial agent.

Introduction
Edible films serve several critical functions in food pres-
ervation, including acting as a barrier to the migration of 
moisture, oxygen, carbon dioxide, and volatile aromas. 
Furthermore, these films can function as active packag-
ing by incorporating essential additives like antioxidants, 
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antimicrobials, and flavoring agents, while simultaneously 
enhancing the structural integrity and handling of the food 
product (Zhu et al., 2011).
As a globally significant crop, the cucumber (Cucumis sati-
vus L.) is highly valued for its crisp texture and nutritional 
profile. Despite its popularity, its high-water content makes 
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it extremely perishable and difficult to store for extended 
periods, even under refrigeration. Storage challenges are 
primarily driven by rapid respiration rates, chlorophyll 
degradation (yellowing), and significant moisture loss, 
which results in shriveling and increased susceptibility to 
microbial spoilage (Olawuyi and Lee, 2019).
Carboxymethyl cellulose (CMC) is an anionic polysaccha-
ride synthesized through the alkalization of cellulose and a 
subsequent reaction with chloroacetate. This process intro-
duces carboxymethyl groups at the C2, C3, or C6 positions 
of the glucose monomers, resulting in a molecular frame-
work rich in hydroxyl groups that facilitate efficient water 
binding and absorption. The functional characteristics of 
the resulting polymer—such as its superior film-forming 
ability and moisture regulation—are primarily governed 
by its molecular weight, the degree of carboxylation per 
anhydroglucose unit, and the specific distribution pattern 
of carboxyl groups along the cellulose backbone (Ali et 
al., 2015). Due to its inherent biodegradability and non-
toxicity, CMC is widely adopted for edible coatings, where 
it plays a pivotal role in maintaining the textural integrity 
of various food systems while supporting environmental 
sustainability (Li et al., 2008; Nie et al., 2004) and (Singh 
et al., 2019).
While radiation-processing technologies are well-estab-
lished in various commercial sectors, their application in 
enhancing the functional properties of edible polymers—
such as proteins and carbohydrates—remains an emerg-
ing field (Nelida Lucia del, 2016). Gamma irradiation is 
effectively utilized to induce the controlled degradation of 
bio-resources like chitosan, alginate, and cellulose, which 
aids in recycling and environmental mitigation. Once de-
graded by radiation, these carbohydrates exhibit signifi-
cant biological activities, including antimicrobial proper-
ties and plant growth promotion, and can even serve as 
immune-boosting additives in animal and aquaculture 
feed (Makuuchi and Cheng, 2012).
The literature suggests that the synergistic use of edible 
coatings and gamma irradiation can significantly enhance 
the preservation of fresh produce. Building on this, the pri-
mary objectives of the current work were to evaluate the ef-
fects of a CMC/Glyc coating, modified by gamma irradia-
tion, on the thermal behavior, physicochemical character-
istics, rheological properties, and microbiological stability 
of fresh cucumbers, thereby extending their shelf life.

Materials and Methods
Materials
High-viscosity laboratory-grade Carboxymethyl Cellulose 
(CMC; 1500 cp at 20°C) and 99.5% pure glycerol (Mw = 
92.09 g/mol) were purchased from the El Gomhouria 

Company  for Drugs and Chemicals, Cairo, Egypt. Fresh 
cucumber fruits were obtained from a local Egyptian 
market one day post-harvest and were immediately 
transferred to ambient storage conditions (27 ± 3°C) for 
the duration of the study.

Preparation of CMC/Glycerol coating
To prepare the edible coating, a CMC/Glycerol bioblend 
was formulated by dissolving 0.4 g of carboxymethyl cel-
lulose in 20 ml of distilled water under continuous stirring 
at 80 °C. Glycerol was subsequently incorporated at 1% 
(v/v) to achieve a 2:1 (vol %) composition, selected for its 
optimized physical properties. The resulting solution was 
divided into four distinct groups (SR0, SR1, SR2, and SR3) 
and maintained in a liquid state. These groups were then 
subjected to gamma irradiation at doses of 0, 1, 2, and 3 
kGy, respectively, following the methodology established 
by (Abdel-Ghaffar and Ali, 2022).

Gamma Irradiation process
The CMC/Glyc solutions were subjected to gamma ir-
radiation at doses of 0, 1, 2, and 3 kGy. This process was 
conducted using a 60Co Russian gamma chamber with a 
consistent dose rate of 395.1 Gy/h. The treatment was per-
formed at the Cyclotron Project facility, housed within the 
Nuclear Research Center of the Egyptian Atomic Energy 
Authority (EAEA).

Application of CMC/Glyc as surface coating 
food Preservation
During the homogenization of the CMC/Glyc mixtures, 
the solutions were applied to the fresh cucumbers via sur-
face coating, ensuring uniform and complete coverage of 
the fruit’s exterior. These coated specimens were then eval-
uated alongside a control group of untreated (uncoated) 
cucumbers. All samples were stored at ambient tempera-
ture for a storage study lasting 28 days (Fernández et al., 
2010).

Fourier Transform Infrared (FTIR)
Fourier-Transform Infrared (FTIR) spectroscopy was em-
ployed to analyze the chemical structure of the films using 
a Jasco FTIR - 4100 spectrophotometer (Japan). Spectra 
were recorded across a wavenumber range of 400–4000 
cm-1. 

Thermal Analyses
Thermogravimetric Analysis (TGA) 
Thermogravimetric analysis (TGA) was performed on a 
TA Instruments Q50 (New Castle, DE, USA). The experi-
mental procedure involved heating the samples to 491°C at 
10°C/min within an atmospheric air environment (nitro�-
gen purge, 80 mL/min) (Grande Tovar et al., 2019).
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Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC2A-00181, TA In-
struments, USA) was employed to determine the fusion 
temperature (Tm). The protocol included a heating-cool-
ing cycle between 25 and 500°C, with the Tm data extract-
ed from the 10°C/min heating scan (Grande Tovar et al., 
2020).

Thermomechanical Analysis (TMA)
Thermomechanical analysis (TMA) was conducted using 
a Waters TMA 450 system operating in film tension mode. 
Samples with dimensions of 30 mm in length, 2 mm in 
width, and 50-micron in thickness were preconditioned 
at 25°C and 60% relative humidity (RH) for a minimum 
of 48 hours before testing. The thermal program involved 
heating from -50°C to 180°C at a rate of 2°C/min, utilizing 
a static strain of 0.67% and a 20-micron amplitude at a 
frequency of 1 Hz.

Physicochemical and Microbiological 
Properties
Vitamin C content
Ascorbic acid concentrations in both coated and 
uncoated cucumbers were determined using the 
2,6-dichlorophenolindophenol (DCPIP) titration method. 
Briefly, 2 mL of centrifuged fruit juice was combined with 
5 mL of 4% (w/v) oxalic acid and 2 mL of distilled water. 
After vortexing, the mixture was titrated against a DCPIP 
solution (0.24 mg/mL) until a stable pink endpoint was 
achieved. A fresh ascorbic acid standard (0.2 mg/mL) was 
prepared daily to calibrate the vitamin C factor. Results 
were calculated as milligrams of ascorbic acid per milliliter 
of juice, with all measurements performed in duplicate 
(Ballesteros et al., 2022).

Weight loss
Weight loss was monitored weekly by recording the 
difference between the initial weight of the fresh 
cucumbers at day zero and their weight at subsequent 
intervals throughout the storage period (Ezz-eldeen, 
2012). Measurements were performed using an electronic 
analytical balance with a sensitivity of 0.01 g.

pH
The pH of both coated and uncoated cucumber samples 
was determined using a digital pH meter (Hanna 
Instruments HI 2221, Szeged, Hungary). The electrode 
was directly immersed into a 15–20 g portion of fresh 
cucumber homogenate for each measurement. To ensure 
accuracy and reproducibility, the analysis was conducted 
in duplicate for every homogenate, following the protocol 
described by (Ballesteros et al., 2022).

Total Soluble Solid (TSS)
The Total Soluble Solids (TSS) of both coated and 
uncoated cucumber samples were evaluated using a digital 
refractometer (Hanna Instruments HI 96801, Hungary). 
Following the procedure of, 2 g of fruit homogenate was 
centrifuged at 1792 xg for 5 minutes. Subsequently, 200 
µL of the resulting supernatant was analyzed, with results 
expressed as °Brix (g fructose/100 g juice). To ensure 
statistical precision, three replicates were recorded for each 
sample (Ballesteros et al., 2022).

Firmness
The firmness of the fresh cucumbers was monitored over 
a 21-day storage period using a TAXT2i texture analyzer 
(Stable Micro Systems Ltd., UK). Penetration tests were 
conducted using a 2 mm diameter stainless steel cylindrical 
probe equipped with a 5 kg load cell. The crosshead speed 
was maintained at 0.5 mm-1 and the maximum peak force 
recorded during the penetration was defined as the fruit’s 
firmness (Rocculi et al., 2009).

Rheological analysis
Rheological characterization was conducted using an 
AR2000 controlled stress rheometer (TA Instruments) 
with a 40 mm, 0.034-radian cone-and-plate geometry. 
Measurements were maintained at a precise temperature 
of 20 ± 0.1 °C. To account for the shear sensitivity of the 
CMC domain structure, solutions were stirred gently for 
one hour before being carefully loaded with a spatula. 
The measuring cone was lowered at a minimal speed to 
avoid structural disruption, followed by a 10-minute rest 
period. Evaporation was mitigated using a solvent trap 
geometry to ensure a saturated environment during testing 
(Benchabane and Bekkour, 2008).

Microbiological Analysis
To assess microbial content, coated and uncoated samples 
were combined with 24 ml of 0.1% buffered peptone wa-
ter (BPW; Difco, Sparks, MD, USA) and homogenized for 
2 minutes using a Seward 400 Circulator stomacher. Fol-
lowing homogenization, serial dilutions in BPW were per-
formed, and samples were spread-plated in duplicate. To-
tal bacterial counts (TBC) were determined using Tryptic 
Soy Agar (TSA; Difco) incubated at 37°C for 24 hours. For 
the enumeration of yeasts and molds (YM), samples were 
plated on Dichloran Rose Bengal Chloramphenicol Agar 
(DRBC) and maintained at 25°C for 48 hours.

Statistical analysis
Statistical analysis was conducted using SPSS software 
(version 18.0; SPSS Inc., Chicago, IL, USA). All experi-
ments were performed in triplicate, with data expressed 
as the mean ± standard deviation. To evaluate differences 
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between groups, a one-way analysis of variance (ANOVA) 
was employed, followed by Duncan’s post-hoc test for 
mean comparisons. Statistical significance was defined at 
a threshold of p < 0.05 (SPSS., 2009).

Results and Discussions
Edible coatings represent a versatile preservation strategy 
for fresh produce, functioning as a protective, semi-per-
meable membrane that modulates the internal microenvi-
ronment of the fruit or vegetable. By acting as a selective 
barrier, these coatings regulate the exchange of moisture, 
oxygen (O2), and carbon dioxide (CO2), which effectively 
slows the rates of respiration and dehydration. This physi-
ological control is essential for maintaining structural and 
textural integrity, retaining aromatic volatile compounds, 
and inhibiting microbial proliferation, ultimately extend-
ing the shelf-life of the produce by defending against mul-
tiple forms of degradation (Lee et al., 2003).

Fourier Transform Infrared )FT-IR( Spectral analysis 
of CMC/Glyc solution
FTIR spectral analysis - in the range between 4,000 and 450 
cm−1 of nonirradiated and irradiated CMC/Glyc solution is 
shown in Figure 1 (A, B, C and D). Where (A), (B), (C) 
and (D) are irradiated CMC/Glyc solutions at doses 0, 1, 
2 and 3 kGy, respectively. Unirradiated peak of CMC/Glyc 
illustrated around 3282 cm-1 corresponding the hydrogen 
bonding O-H stretching region (Zaïdi et al., 2011) (Gad 
et al., 2021), the small hump around 2928 and 2880 cm-1 
belonging to the C-H stretching vibration. The sharp peak 
observed at 1591 cm-1 confirms the presence of COO- is 
assigned to stretching of the carboxyl group (Su et al., 
2010) (Vidal et al., 2020). The band around 1412 cm-1 and 
1320 cm-1 are assigned to O-H stretching in-plane and C-H 
stretching in symmetric of CMC/Glyc (Abou Taleb et al., 
2009) (Gupta et al., 2019). The FTIR spectrum of CMC/
Glyc showed the bands at 1105 cm−1 and 1028 cm−1 were 
characteristic of the C-O stretching on polysaccharide 
skeleton (Chai and Isa, 2013). 
The overall FTIR spectral profile of the irradiated CMC/
Glyc solutions remained largely unchanged after gamma 
exposure, with no new absorption bands emergent, 
indicating that the key functional groups were preserved 
following ionizing radiation. These findings are consistent 
with the results of (Choi et al., 2009), who also reported 
that the functional groups of CMC were not altered by 
irradiation. As with other polysaccharides, however, CMC 
can still undergo chemical modification when subjected 
to radiation (von Sonntag, 2003). Thus, the FTIR data 
confirms that the irradiated solutions retain their primary 
functional groups (-OH, -CH, and C-O). However, the 
subtle shifts in the peaks between samples A, B, C, and 
D suggest that the irradiation treatment likely caused 

minor changes in the molecular environment or hydrogen 
bonding intensity within the solution matrix.

 

Fig. 1. FTIR spectra of irradiated CMC (A = 0 kGy, B = 1 kGy, C = 2 kGy, and D = 3 kGy) 
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Figure (1): FTIR spectra of irradiated CMC (A = 0 kGy, 
B = 1 kGy, C = 2 kGy, and D = 3 kGy)

Thermal properties of CMC/Glyc solution
Thermogravimetric analysis (TGA) is an essential tool in 
materials science for evaluating sample purity and thermal 
endurance. In this study, primary TGA thermograms were 
analyzed to calculate key kinetic parameters, including the 
reaction order and activation energy of thermal decompo-
sition. Furthermore, TGA was employed to experimentally 
assess the thermal stability of CMC/Glyc blends. The initial 
TGA thermograms for CMC/Glyc solutions, both before 
and after irradiation, are presented in Figure (2-A). Based 
on the weight-loss percentages recorded up to 491°C (Ta-
ble 1), the irradiated samples exhibited greater thermal re-
sistance than the unirradiated controls, particularly above 
300°C. in addition, the control samples (0 kGy) showed 
superior stability below 100°C, samples irradiated at 2 
kGy show a stabilizing effect compared to the other irradi-
ated doses. At 400°C and 491°C, the 2 kGy sample retains 
the most residual mass (25.5% remaining, or 74.5% loss). 
This suggests that at this specific dose, radiation-induced 
cross-linking may predominate over chain scission, creat-
ing a slightly more robust charred residue that resists fur-
ther breakdown. In addition, enhanced thermal resistance 
at elevated temperatures (up to 491°C) and reinforce the 
polymer matrix against high-heat decomposition and ir-
radiation treatments strengthen the material’s structure. In 
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the other hand, 3 kGy dose consistently exhibits the high-
est weight loss across all temperature levels (e.g., 72.55% 
at 300°C and 81.69% at 491°C). This indicates that higher 
levels of radiation likely induce chain scission within the 
polymer, breaking down the molecular weight and making 
the material more susceptible to thermal degradation. 
These findings align with previous research by (Abdel 
Ghaffar et al., 2019), (Abdel-Ghaffar and Ali, 2022), which 
indicated that thermal stability typically increases in cor-

relation with higher irradiation doses.

Furthermore, (Ali et al., 2015) found that the thermal 
stability of bioblend CMC/TiO2 increased with increasing 
the irradiation dose up to (10 kGy). A sort of crosslinking 
process occurred after irradiation treatment of CMC, that 
increase thermal stability in pure CMC  (Senna et al., 
2000), (Ibrahim et al., 2013) and (Ibrahim et al., 2014).
Differential scanning calorimetry (DSC) technique is 

Table 1. Effect of irradiation dose on thermogravimetric properties of CMC/Glyc

Temperature (oC)
Weight Loss (%)

0 kGy 1 kGy 2 kGy 3 kGy

 100 8.236 15.71 13.61 15.44

 200 22.89 27.04 23.44 28.61

 300 67.97 66.25 66.6 72.55

400 78.09 74.05 71.39 78.63

491 81.83 76.81 74.5 81.69

one of the convenient methods for investigating the 
compatibility of polymer blend. Figure (2-B) show the 
DSC thermograms for CMC/Glyc at different gamma 
irradiation doses (1, 2 and 3 kGy). The DSC curve shows 
two endothermic (water removal) peaks; at 57.03, 60.31, 
59.22 and 63.81°C for 0, 1, 2 and 3kGy, respectively 
which are ascribed to moisture evaporation, and another 
endothermic peaks; at 307 °C (from 251.5 to 362.5 °C), 
298.95 °C (from 261.27 to 336.63 °C), 300.06 °C (from 
271.37 to 328.75 °C) and 296.44 °C (from 266.35 to 326.53 
°C) for 0, 1, 2 and 3 kGy, respectively which is attributed 
to the dehydration/decomposition of CMC. This behavior 
is associated to the complete decomposition of CMC, 
leading to a minute solid residue (El-Sherbiny et al., 2009). 
Moreover, as shown in Figure (2-B), the 2 kGy dose shows 
a unique profile, where the exothermic (decomposition) 
peak appears slightly broader and less sharp than the 1 
kGy dose. This likely reflects the “sweet spot” identified in 
the TGA analysis, where a balance of radiation-induced 
cross-linking provides a more stable thermal response 
before further degradation occurs at higher doses. On the 
contrary, at 3 kGy, the exothermic peak begins to flatten 
and shift slightly to the left (lower temperature). This is 
indicative of polymer chain scission, where the radiation 
has broken enough glycosidic bonds to lower the thermal 
threshold required for decomposition, leading to the lower 
thermal stability observed at the highest dose. Our finding 
is in agreement with (El-Sakhawy et al., 2019) who found 
that CMC have two endothermic curves. In the contrast 

with unirradiated CMC/Glyc, the maximum melting 
temperature (Tm) 307 °C, shifted slightly to the left after 
irradiation treatment. Where Tm values were 298.95, 300.06 
and 296.44 °C for 1, 2 and 3 kGy, respectively. Irradiation 
of CMC/Glyc shows a narrow endothermic band, probably 
attributed to the higher thermal stability of CMC. 

Thermomechanical Analysis (TMA) in Figure (2-C) 
revealed that irradiation doses up to 3 kGy significantly 
impact dimensional stability. The consistent decrease 
in sample thickness (µm) during heating suggests that 
thermal energy triggers internal stress relaxation or further 
structural reorganization, such as cross-linking, across all 
irradiation levels (García et al., 2009) and (James, 2017). 
Based on the thermograms provided, the dimensional 
changes of all samples under a constant load of -5.0 g 
across a temperature range of roughly 25°C to 125°C, can 
be observed. Across all four irradiation doses (0, 1, 2, and 
3 kGy), the curves exhibit a consistent downward trend, 
indicating compression or softening of the material as 
temperature increases. Sample irradiated with 3 kGy, shows 
the largest displacement (53 µm), which could indicate that 
higher doses are inducing chain scission, leading to a more 
“relaxed” or softer matrix that compresses more easily. 
On the other hand, lowest irradiation dose (1kGy) shows 
the smallest total displacement (28 µm), suggesting that 
low-dose irradiation might have enhanced the structural 
rigidity, possibly through localized cross-linking. 
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Figure (2): (A) Thermogravimetric analysis (TGA), (B) Differential scanning calorimetry analysis (DSC) and (C) 
Thermomechanical Analysis (TMA); (C-0) 0 kGy, (C-1) 1 kGy, (C-2) 2 kGy and (C-3) 3 kGy.
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Physicochemical and Microbiological 
Properties
Vitamin C content
Vitamin C is a vital water-soluble antioxidant that miti-
gates damage from reactive oxygen species in various pro-
duce, including citrus, guava, and cucumber (Lester, 2006). 
Figure (3-A) illustrates the fluctuations in Vitamin C con-
centration throughout the storage period. Our findings in-
dicate a significant interaction (p ≤ 0.05) between storage 
duration and the type of edible coating applied. Specifical-
ly, cucumber coated with unirradiated CMC/Glyc showed 
a rapid loss of Vitamin C, whereas those treated with irra-
diated coatings exhibited a more gradual decline. Overall, 
the irradiated coatings significantly improved Vitamin C 
retention, with the 3 kGy treatment proving most effective 
across all samples.

Weight loss
Weight loss, a critical indicator of post-harvest quality loss 
in fruits and vegetables, is driven largely by metabolic res-
piration and moisture transpiration. Our results (Figure, 
3-B) demonstrate a consistent and progressive reduction 
in weight across all cucumber samples over the duration 
of the storage trials. Over the 20-day storage duration, sig-
nificant differences in weight loss were observed between 
the control group (unirradiated CMC/Glyc coating) and 
the cucumbers treated with irradiated solutions (1, 2, and 
3 kGy). Beginning on day 4 and continuing throughout the 
study, weight loss was significantly higher (P ≤ 0.05) in the 
unirradiated samples compared to those treated with irra-
diated coatings. Interestingly, among the irradiated groups, 
weight loss increased in correlation with the irradiation 
dose. This overall reduction in weight loss can be attrib-
uted to the synergistic effect of the treatments on reducing 
respiration rates and delaying the onset of senescence.
Gamma radiation enhances the coating’s effectiveness by 
inducing a cross-linking network that restricts the outward 
evaporation of moisture (Amarante et al., 2001). As a re-
sult, these coatings provide a robust physical barrier that 
significantly retards dehydration. This process is essential 
for maintaining fruit turgor and preventing the onset of 
shriveling during storage (Almenar et al., 2006) (Feranmi, 
2024).

pH
The pH values for uncoated and coated fresh cucumber 
stored at room temperature are presented in Figure (3–C). 
Non-significant differences in all samples coated with ir-
radiated CMC/Glyc solution during storage period. A 
slight non-significant decrease in pH values showed in all 
irradiated samples after 12 days of storage. The observed 
decrease in pH may be attributed to the semi-permeable 
CMC/Glyc film formed on the fruit’s surface. This barrier 

likely modified the internal atmosphere by altering endog-
enous CO2 and O2 concentrations, which subsequently de-
layed the ripening process. Conversely, Oluwaseun et al. 
(2013) reported a slight increase in the pH of cucumbers 
coated with CMC/Glyc by the conclusion of a seven-week 
storage period.

Total soluble solids (TSS)
The results revealed that total soluble solids (TSS) re-
mained statistically similar (P ≥ 0.05) across all treatments, 
including the control, during the initial seven days of stor-
age. However, following this period, samples coated with 
the unirradiated CMC/Glyc solution experienced a sig-
nificant decline (P ≥ 0.05) in TSS levels. In contrast, cu-
cumbers treated with irradiated coatings (1, 2, and 3 kGy) 
maintained more stable TSS concentrations throughout 
the remainder of the study (Fig, 3–D). In the control sam-
ples (unirradiated CMC/Glyc), total soluble solids (TSS) 
declined to 8% by day 14, reaching a minimum of 7.6% by 
the end of the 21-day period. While a general reduction 
in TSS was observed across all treatments as storage pro-
gressed, the decrease was notably less pronounced in sam-
ples treated with irradiated CMC coatings. This preserva-
tion of soluble solids is likely due to the synergistic effect 
of irradiation and CMC, which delays fungal proliferation 
and slows physiological processes such as respiration, tran-
spiration, and senescence (Vachon et al., 2003). These find-
ings align with (Dong and Wang, 2017), who noted that 
stable TSS levels in coated cucumbers result from the inhi-
bition of respiratory and metabolic activities.

In contrast, (Özden et al., 2002) noted that a decline in sol-
uble solids during storage is a natural phenomenon. This 
occurs because sugars—the fundamental component of 
a product’s soluble solid content—are gradually depleted 
through respiration and the ongoing metabolic require-
ments of the cucumber samples.

Firmness
The firmness of all the coated cucumber decreased gradu-
ally during the 21 days of storage (Figure, 3–E). In all irra-
diated CMC/Glyc-coated samples a slight decrease of firm-
ness was observed during the duration of storage - which 
was similar to the above results for weight loss - compared 
to control samples. This phenomenon can be attributed to 
the interaction between storage duration and the applica-
tion of irradiated coatings. A parallel trend was noted in 
mass loss, where cucumbers treated with these specific so-
lutions showed minimal fluctuations. It is suggested that 
the limitation of moisture loss was the primary mecha-
nism allowing coated samples to maintain greater firm-
ness compared to the control. This reasoning aligns with 
the findings of (Aguirre-Joya et al., 2017), who established 
that moisture loss is directly correlated not only with mass 
reduction but also with the rate of fruit softening.
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Figure (3): Physical and chemical changes of Coated fresh cucumber during storage at room temperature.
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Rheological Characteristics of edible coating
Figure (4) presents the flow and viscosity curves for all 
evaluated samples. The flow behavior, illustrated in Figure 
(4-A), depicts shear stress as a function of the shear rate. 
As the shear rate increases, a corresponding continuous 
rise in shear stress is observed for the CMC/Glyc solution. 
Notably, the curves for the upward and downward shear 
rate sweeps almost entirely overlap, indicating that the 
CMC/Glyc system possesses excellent structural recovery 
under external mechanical stress. Furthermore, a progres-
sive increase in irradiation dosage results in a gradual re-
duction in the shear stress of the solution.
Flow behaviour shown in Figure (4–B) represents the im-
pacts of irradiation treatment on the apparent viscosity of 
CMC/Glyc solution as a function of shear rate, where ap-
parent viscosity initially decreased rapidly as the share rate 
increased and then stabilized in all samples. Rheological 
properties of CMC/Glyc suspensions exhibit viscoplastic 
behaviour (Jankowska et al., 2023) (Salehi et al., 2023).
Exposing the CMC/Glyc solution to irradiation results in 
a reduction in viscosity. To enhance the flexibility of the 
resulting edible films, glycerol is incorporated as a stable, 
non-toxic plasticizer. These plasticizers are essential for 
reducing stiffness and increasing film elasticity; however, 
they can also elevate the water vapor permeability of the 
material (Sobral et al., 2001).

Figure (4): Rheological Characteristics of edible 
solution, A) Flow behaviour, B) Viscosity.

The reduction of viscosity behaviour was observed at all 
dose levels leading to a greater reduction in the viscosity. 
The results demonstrated that the average apparent viscos-
ity of CMC/Glyc solution decreased from 1.2 to 0.26 Pa.sec 
in control samples (0 kGy). While the values of viscosity of 
irradiated samples at doses from 1 - 3 kGy decreased from 
1 to 0.19 Pa.sec, 0.75 to 0.12 Pa.sec and 0.48 to 0.08 Pa.sec, 
respectively. 
The observed modifications in viscosity following irradia-
tion can be attributed to the cleavage of glycosidic bonds 
within the cellulose backbone. Importantly, this struc-
tural degradation occurs without altering other functional 
groups (Suljovrujić et al., 2007) (Choi et al., 2008). Radia-
tion processing is a common technique for synthesizing 
CMC-based hydrogels (Fei et al., 2000). Research sug-
gests that radiation-induced cross-linking in CMC is often 
more efficient than traditional chemical methods, though 
achieving high cross-linking density may require substan-
tial radiation doses. It is critical to note that in all irradi-
ated materials, cross-linking and degradation occur simul-
taneously as competing mechanisms (Wach et al., 2003).

Microbiological Analysis
The fluctuations in total bacterial count (TBC) and mold 
and yeast count (MYC) for both coated and uncoated cu-
cumbers are illustrated in Figure 5 (A and B). During the 
first week of storage, the initial bacterial load in the con-
trol samples (unirradiated CMC/Glyc) was 6.2 log CFU/g, 
whereas samples treated with the 3 kGy irradiated coat-
ing exhibited a significantly lower load of 2.71 log CFU/g. 
This trend is consistent with findings reported by Olarte et 
al. (2009) regarding broccoli. By the third week, the TBC 
for control cucumbers reached 9.84 log CFU/g, while the 
irradiated treatment limited bacterial growth to 6.23 log 
CFU/g. These data demonstrate that the irradiated CMC/
Glyc solution functions effectively as both an edible coat-
ing and a potent antimicrobial agent.
The enumeration of yeasts and molds is a critical quality 
indicator for fresh produce, as fungal decay represents a 
primary factor limiting shelf life and commercial distribu-
tion. As shown in Figure (5), the application of CMC/Glyc 
coatings significantly reduced (p < 0.05) microbial popula-
tions compared to uncoated controls. Specifically, the initial 
mold and yeast count (MYC) in control samples was 4.53 
log CFU/g during the first week, whereas samples treated 
with 3 kGy irradiated coatings exhibited a reduced load of 
2.82 log CFU/g. Throughout the storage period, the irradi-
ated CMC/Glyc coating successfully inhibited fungal prolif-
eration, maintaining a final count of 7.34 log CFU/g com-
pared to the significantly higher 9.62 log CFU/g observed in 
control samples. The effectiveness of the CMC/Glyc coating 
in controlling spoilage is likely due to its ability to act as a 
gas barrier, thereby establishing a modified atmosphere that 
preserves the fruit’s integrity (Dutta et al., 2009).
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Furthermore, the decrease of microbial count in coating 
with irradiated CMC/Glyc solution is probably due to an-
timicrobial effect of degradable biological compounds af-
ter irradiation treatments where, (Makuuchi and Cheng, 
2012) found that irradiation of carbohydrates polymers 
like CMC, present biological compounds that have anti-
microbial activity.

Figure (5): Effect of coating with irradiated CMC/
Glyc solution at dose 3 kGy on A) the total bacterial 

count (TBC) and B) mold & yeast count (MYC) during 
storage period.

Conclusions
In conclusion, this study demonstrates that gamma irradi-
ation significantly enhances the functional performance of 
CMC/Glyc edible coatings for cucumber preservation. This 
modified coating effectively establishes a semi-permeable 
atmosphere that suppresses respiration, minimizes weight 
loss, and maintains total soluble solids. Most notably, the 
3 kGy treatment provided the most robust antimicrobial 
defense, significantly reducing both bacterial and fungal 
proliferation. While, thermal analysis (TGA and DSC) 
identified 2 kGy as the optimal dose for enhancing thermal 

stability, likely due to radiation-induced cross-linking that 
outweighs chain scission at this specific level. Collectively, 
these findings suggest that irradiated CMC/Glyc coatings 
offer a synergistic approach to extending the shelf-life and 
maintaining the post-harvest quality of fresh produce.

References
•	 Abdel-Ghaffar, A.M. and Ali, H.E. (2022): Effect of gamma 

radiation on the properties of novel polyvinyl alcohol/
carboxymethyl cellulose/citric acid/glycerol bioblend film. 
Polym. Bull., 79: 5105-5119.

•	 Abdel Ghaffar, A.M.; Ali, H.E. and Maziad, N.A. (2019): 
Modification of Low Density Polyethylene Films by Blending 
with Natural Polymers and Curing by Gamma Radiation. 
Polym. Sci. Ser. B, 61: 776-784.

•	 Abou Taleb, M.F.; Abd El-Mohdy, H.L., and Abd El-Rehim, 
H.A. (2009): Radiation preparation of PVA/CMC copolymers 
and their application in removal of dyes. J. Hazard Mater., 
168: 68 – 75.

•	 Aguirre-Joya, J.A.; Ventura-Sobrevilla, J.; Martínez-
Vazquez, G.; Ruelas-Chacón, X.; Rojas, R.; Rodríguez-
Herrera, R. and Aguilar, C.N. (2017): Effects of a natural 
bioactive coating on the quality and shelf life prolongation 
at different storage conditions of avocado (Persea americana 
Mill.) cv. Hass. Food Pack. Shelf Life, 14: 102 – 107.

•	 Ali, H.E.; Atta, A. and Senna, M.M. (2015): Physico-
Chemical Properties of Carboxymethyl Cellulose (CMC) 
/ Nano sized Titanium Oxide (TiO2) Gamma Irradiated 
Composite. Arab J. Nucl. Sci. Appl., 48: 44 – 52.

•	 Almenar, E.; Hernández-Muñoz, P.; Lagarón, J.M.; Catalá, 
R. and Gavara, R. (2006): Controlled Atmosphere Storage 
of Wild Strawberry Fruit (Fragaria vesca L.). J. Agric. Food 
Chem., 54: 86 – 91.

•	 Amarante, C.; Banks, N.H. and Ganesh, S. (2001): Relation-
ship between character of skin cover of coated pears and per-
meance to water vapour and gases. Postharvest Biol. Technol., 
21: 291-301.

•	 Ballesteros, L.F.; Teixeira, J.A. and Cerqueira, M.A. (2022): 
Active carboxymethyl cellulose-based edible coatings for the 
extension of fresh goldenberries shelf-life. Horticul.,  8(10): 
936.

•	 Benchabane, A. and Bekkour, K. (2008). Rheological prop-
erties of carboxymethyl cellulose (CMC) solutions. Colloid 
Polym. Sci., 286: 1173-1180.

•	 Oluwaseun, A.C.; Kayode, A.; Bolajoko, F.O.; Bunmi, 
A.J. and Olagbaju A.R. (2013): Effect of Edible Coatings of 
Carboxy Methyl Cellulose and Corn Starch on Cucumber 
Stored at Ambient Temperature. Asian J. Agric. Biol., 1(3): 
133 – 140. 



11

Application of Gamma Irradiated Edible Coating in Extending Shelf Life of Fresh CucumberAbdelaleem et al

•	 Chai, M.N. and Isa, M.I.N. (2013): The Oleic Acid Composition 
Effect on the Carboxymethyl Cellulose Based Biopolymer 
Electrolyte. J. Crystallization Proc. Technol., 3(1): 4.

•	 Choi, J.-i.; Kim, J.-H.; Lee, K.-W.; Song, B.-S.; Yoon, Y.; 
Byun, M.-W. and Lee, J.-W. (2009): Comparison of gamma 
ray and electron beam irradiations on the degradation of 
carboxymethylcellulose. Korean J. Chem. Eng., 26(6): 1825 – 
1828.

•	 Choi, J.-i.; Lee, H. S.; Kim, J.-H.; Lee, K.-W.; Lee, J.-W.; 
Seo, S.-j.; Kang, K.-W.; Byun, M.-W. (2008): Controlling the 
radiation degradation of carboxymethylcellulose solution. 
Polym. Degrad. and Stab., 93 (1) : 310 – 315.

•	 Dong, F. and Wang, X. (2017): Effects of carboxymethyl cel-
lulose incorporated with garlic essential oil composite coat-
ings for improving quality of strawberries. Int. J. Biol. Macro-
mol., 104: 821-826.

•	 Dutta, P.K.; Tripathi, S.; Mehrotra, G.K. and Dutta, J. 
(2009): Perspectives for chitosan based antimicrobial films in 
food applications. Food Chem., 114: 1173-1182.

•	 El-Sakhawy, M.; Tohamy, H.-A.S.; Salama, A. and Kamel, 
S. (2019): Thermal properties of carboxymethyl cellulose 
acetate butyrate. Cellulose Chem. Technol., 53: 667-675.

•	 El-Sherbiny, I.; Salama, A. and Sarhan, A. (2009): Grafting 
study and antifungal activity of a carboxymethyl cellulose 
derivative. Inter. J. Polym. Mater, 58: 453 – 467.

•	 Ezz-eldeen, A.A. (2012): Studies on packaging some irradi-
ated horticultural products using different types of polyethyl-
ene packages thesis. Horticulture Div. Ain Shams University.

•	 Fei, B.; Wach, R.A.; Mitomo, H.; Yoshii, F. and Kume, T. 
(2000): Hydrogel of Biodegradable Cellulose Derivatives. I. 
Radiation-Induced Crosslinking of CMC. J. Appl. Polym. Sci., 
78: 278 – 283.

•	 Feranmi, O. (2024): Preserving Cucumber Quality: Investi-
gating The Influence Of Carboxy Methyl Cellulose And Corn 
Starch Edible Coatings At Room Temperature. American J. 
Agric. Hortic. Innov., 4: 08 – 13.

•	 Fernández, A.; Picouet, P. and Lloret, E. (2010): Cellulose-
silver nanoparticle hybrid materials to control spoilage-relat-
ed microflora in absorbent pads located in trays of fresh-cut 
melon. Int. J. Food Microbiol., 142(1-2): 222 - 8.

•	 Gad, Y.H.; Ali, H.E. and Hegazy, A. E.-S. (2021): Synergistic 
Effect of Titanium Dioxide (TiO2) and Ionizing Radiation on 
Thermal and Mechanical Properties of Carboxymethyl Cel-
lulose (CMC) for Potential Application in Removal of Basic 
Dye from Wastewater. J. Polym. Environ., 29: 3887-3899.

•	 García, M.A.; Pinotti, A.; Martino, M.N. and Zaritzky, 
N.E. (2009): Characterization of starch and composite edible 
films and coatings. In: Edible Films and Coatings for Food 

Applications, Springer, Pp.169-209.

•	 Lester, G.E. (2006): Environmental Regulation of Human 
Health Nutrients ( Ascorbic Acid , β-Carotene , and Folic 
Acid ) in Fruits and Vegetables Gene. Hortsci., 41(1): 59 – 64.

•	 Grande Tovar, C.D.; Castro, J.I.; Valencia, C.H.; Navia 
Porras, D.P.; Mina Hernandez, J.H.; Valencia, M.E.; 
Velásquez, J.D. and Chaur, M.N. (2019): Preparation 
of chitosan/poly (vinyl alcohol) nanocomposite films 
incorporated with oxidized carbon nano-onions (multi-
layer fullerenes) for tissue-engineering applications. Biomol., 
9(11): 684.

•	 Grande Tovar, C.D.; Castro, J.I.; Valencia Llano, C.H.; Navia 
Porras, D.P.; Delgado Ospina, J.; Valencia Zapata, M.E.; 
Herminsul Mina Hernandez, J. and Chaur, M.N. (2020): 
Synthesis, characterization, and histological evaluation of 
chitosan-Ruta graveolens essential oil films. Molec., 25(7): 
1688.

•	 Gupta, H.; Kumar, H.; Kumar, M.; Gehlaut, A.; Gaur, A.; 
Sachan, S. and Park, J.-W. (2019): Synthesis of biodegradable 
films obtained from rice husk and sugarcane bagasse to be 
used as food packaging material. Environ. Engin. Res., 25(4): 
506 – 514.

•	 Ibrahim, S.M.; El Salmawi, K.M. (2013): Preparation 
and properties of carboxymethyl cellulose (CMC)/sodium 
alginate (SA) blends induced by gamma irradiation. J. Polym. 
Environ., 21: 520 – 527.

•	 Ibrahim, S.M.; Mousaa, I.M. and Ibrahim, M.S. 
(2014): Characterization of gamma irradiated plasticized 
carboxymethyl cellulose (CMC)/gum arabic (GA) polymer 
blends as absorbents for dyestuffs. Bull. Mater. Sci., 37: 603 
– 608.

•	 James, J. (2017): Thermomechanical analysis and its 
applications. In “Thermal and rheological measurement 
techniques for nanomaterials characterization”, pp. 159 – 171. 
Elsevier.

•	 Jankowska, H.; Dzido, A. and Krawczyk, P. (2023): Deter-
mination of Rheological Parameters of Non-Newtonian Flu-
ids on an Example of Biogas Plant Substrates. Energ., 16 (3): 
1128.

•	 Lee, J.Y.; Park, H.J.; Lee, C.Y. and Choi, W.Y. (2003): Ex-
tending shelf-life of minimally processed apples with edible 
coatings and antibrowning agents. LWT - Food Sci. Technol., 
36: 323 – 329.

•	 Li, Y.; Shoemaker, C.F.; Ma, J.; Shen, X. and Zhong, F. 
(2008): Paste viscosity of rice starches of different amylose 
content and carboxymethylcellulose formed by dry heating 
and the physical properties of their films. Food Chem., 109: 
616 – 623.



12

Application of Gamma Irradiated Edible Coating in Extending Shelf Life of Fresh CucumberAbdelaleem et al

•	 Makuuchi, K. and Cheng, S. (2012): “Radiation processing 
of polymer materials and its industrial applications,” John 
Wiley and Sons, Pp. 26.

•	 Nelida Lucia del, M. (2016): Radiation Influence on 
Edible Materials. In “Radiation Effects in Materials” (A. M. 
Waldemar, ed.), pp. Ch. 7. Intech-Open, Rijeka. Pp. 462.

•	 Nie, H.; Liu, M.; Zhan, F. and Guo, M. (2004): Factors on the 
preparation of carboxymethylcellulose hydrogel and its deg-
radation behavior in soil. Carbohydr. Polym., 58: 185 – 189.

•	 Olarte, C.; Sanz, S.; Echávarri, J.F. and Ayala, F. (2009): Ef-
fect of plastic permeability and exposure to light during stor-
age on the quality of minimally processed broccoli and cauli-
flower. LWT – Food Sci. Technol., 42: 402 – 411. 

•	 Olawuyi, I.F. and Lee, W. (2019): Influence of chitosan coat-
ing and packaging materials on the quality characteristics of 
fresh-cut cucumber. Food Sci. Preserv., 26: 371-380.

•	 Özden, Ç. and Bayindirli, L. (2002): Effects of combination-
al use of controlled atmosphere, cold storage and edible coat-
ing applications on shelf life and quality attributes of green 
peppers. European Food Res. Technol., 214: 320 – 326.

•	 Rocculi, P.; Cocci, E.; Romani, S.; Sacchetti, G. and Rosa, 
M.D. (2009): Effect of 1-MCP treatment and N2O MAP on 
physiological and quality changes of fresh-cut pineapple. 
Postharvest Biol. Technol., 51: 371 – 377.

•	 Salehi, F.; Inanloodoghouz, M. and Karami, M. (2023): 
Rheological properties of carboxymethyl cellulose (CMC) 
solution: Impact of high intensity ultrasound. Ultrasonics So-
nochem., 101: 106655.

•	 Senna, M.; Aly, H.; Ali, Z. and El-Naggar, A.M. (2000): 
Structure–property behaviour of electron beam irradiated 
polytetrafluoroethylene and polytetrafluoroethylene-co-
hexafluoropropylene. Polym. Degrad. Stab., 71(1): 53 – 60.

•	 Singh, P.; Magalhães, S.; Alves, L.; Antunes, F.; Miguel, M.; 
Lindman, B. and Medronho, B. (2019): Cellulose-based ed-
ible films for probiotic entrapment. Food Hydrocol., 88: 68 – 
74.

•	 Sobral, P.J.A.; Menegalli, F.C.; Hubinger, M.D. and Roques, 
M.A. (2001): Mechanical, water vapor barrier and thermal 

properties of gelatin based edible films. Food Hydrocol., 15: 
423 – 432.

•	 SPSS. (2009): PASW STATISTICS (18) Command Syntax 
Reference. SPSS Inc., USA.

•	 Su, J.-F.; Huang, Z.; Yuan, X.-Y.; Wang, X.-Y. and Li, M. 
(2010): Structure and properties of carboxymethyl cellulose/
soy protein isolate blend edible films crosslinked by Maillard 
reactions. Carbohydr. Polym., 79: 145-153.

•	 Suljovrujić, E.; Ignjatović, N.; Uskoković, D.; Mitrić, M.; 
Mitrović, M. and Tomić, S. (2007): Radiation-induced deg-
radation of hydroxyapatite/poly L-lactide composite bioma-
terial. Rad. Phys. Chem., 76: 722 – 728.

•	 Vachon, C.; D’aprano, G.; Lacroix, M. and Letendre, M. 
(2003): Effect of edible coating process and irradiation treat-
ment of strawberry Fragaria spp. on storage‐keeping quality. 
J. Food Sci., 68: 608 – 611.

•	 Vidal, O.L.; Tsukui, A.; Garrett, R.; Rocha-Leão, M.H.M.; 
Carvalho, C.W.P.; Freitas, S.P.; de Rezende, C.M. and Fer-
reira, M.S.L. (2020): Production of bioactive films of car-
boxymethyl cellulose enriched with green coffee oil and its 
residues. Inter. J. Biol. Macromol., 146: 730 – 738.

•	 von Sonntag, C. (2003): Free-radical-induced chain scission 
and cross-linking of polymers in aqueous solution—an over-
view. Rad. Phys. Chem., 67: 353-359.

•	 Wach, R.A.; Mitomo, H.; Nagasawa, N., and Yoshii, F. 
(2003): Radiation crosslinking of carboxymethylcellulose of 
various degree of substitution at high concentration in aque-
ous solutions of natural pH. Rad. Phys.Chem., 68: 771 – 779.

•	 Zaïdi, W.; Oumellal, Y.; Bonnet, J.-P.; Zhang, J.; Cuevas, 
F.; Latroche, M.; Bobet, J.-L. and Aymard, L. (2011): Car-
boxymethylcellulose and carboxymethylcellulose-formate as 
binders in MgH2-carbon composites negative electrode for 
lithium-ion batteries. J. Power Sour., 196(5): 2854 – 2857.

•	 Zhu, D.Y.; Jin, L.Q.; Wang, Y.L. and Ren, H.X. (2011): Wa-
ter Barrier Property of Gelatin-Based Films Cross-Linked 
with Microbial Transglutaminase. Adv. Mater. Res., 335-336: 
1391-1395.


