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ABSTRACT 
 

Herbs play an important role in promoting people's health, but they can also transmit pathogenic 

microorganisms to humans. The shelf life and safety of these products are limited to three days of storage at 4 

°C because of post-harvest metabolic activities.  In this article, the effects of gamma irradiation doses at 0, 

0.25, 0.5, and 1 kGy on fresh leafy vegetables packed under air, N2, and vacuum atmospheres up to 10 days of 

storage at 4 °C were studied. According to the results of microbial tests, chlorophyll and carotenoid pigments, 

and colorimetric properties of HunterLab, gamma radiation at a dose of 0.5 kGy under a modified packaging 

atmosphere (MAP) N2 can be recommended to keep fresh garlic chives, basil, mint, and parsley in optimal 

storage conditions at 4 °C, up to 10 days. This combined processing improves safety and increases the shelf 

life of fresh leafy vegetables as a practical treatment even to export.  
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1. Introductions 

According to the Food and Agriculture 

Organization of the United Nations (FAO), the 

average per capita consumption of fruits and 

vegetables globally is about 62 kg annually. 

Iranians consume 158 kg of fruits and vegetables 

per year. Iran’s consumption is ranked 11th in the 

world above the developed countries of Western 

Europe and North America (consuming 117 and 

112 kg per year) and other Middle Eastern 

countries with annual per capita consumption of 89 

kg. Statistics from Iran ministry of agriculture 
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show that despite the high production and  

consumption of fruits and vegetables, their waste 

in the country is more than 27% of production. 

Therefore, using appropriate processing, supplying 

fruits, and vegetables in the domestic market, 

reducing waste, and providing a significant portion 

in international markets [1]. Consumption of fruits 

and vegetables in the recommended daily intake 

(400 g) prevents some chronic diseases, including 

cardiovascular diseases and some cancers, obesity, 

type 2 diabetes, and hyper blood tension [2].  
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However, these fresh, unprocessed, or minimally 

processed products can be a -suitable carrier for 

transmitting pathogenic bacteria, parasites and 

viruses tohumans [3].  

The outbreak of shigellosis in Isfahan and 

Chaharmahal- Bakhtiari provinces in terms of the 

number of people who suffered because of 

consuming contaminated foods, fruits and 

vegetables was limited. This outbreak has not led 

to any deaths but has inducted considerable 

problems to the country’s health system and 

disrupted the society’s psychological security [4]. 

Eating raw vegetables, common in Iran, always 

puts people at risk of intestinal parasites. One 

hundred fifty vegetable samples were collected 

randomly from Arak. The total amount of parasitic 

contamination of vegetables was 66% [5]. The 

microbial contamination of different kinds of 

ready-for-use packaged vegetables was determined 

in 200 samples randomly collected from different 

regions of Mashhad, Iran. Results showed that in 

19%, 14%, 8%, 13%, and 3.5% of the samples, the 

contamination rate of aerobic mesophilic bacteria, 

coliform, Escherichia coli, mold, and the parasitic 

eggs was higher than Iranian National Standard 

limits, respectively. In addition, 31% of the 

samples were unusable due to excessive microbial 

contamination. Thus, producers and consumers 

should be trained to use hygienic rules, and stricter 

preventive measures are recommended [6]. The 

study was conducted for the presence of Listeria 

spp. on 100 samples of 10 different vegetables, 

including chopped spinach, chives, ready-to-eat 

vegetables, and chopped vegetables in Tehran. A 

total of 33 isolates of Listeria spp. were observed 

in vegetables, and it was confirmed that eating raw 

vegetables is one of the real ways to transmit 

Listeria spp. [7]. Salmonella species and 

Escherichia coli were separated from raw 

vegetables. These bacteria can contaminate 

vegetables during different planting, holding, 

harvesting, storing, washing, and distributing 

stages. Pathogens often associated with epidemics 

include bacteria (Salmonella, Escherichia coli, 

Listeria monocytogenes), viruses (noroviruses, 

hepatitis A virus), and parasites (Cryptospore, 

cyclopoura). In 2006, for example, in the United 

States, 200 people developed a urinary tract 

infection from eating raw spinach infected with 

Escherichia coli O157: H7, which resulted in 205 

confirmed illnesses. Most illnesses linked to leafy 

greens were caused by norovirus; Salmonella and 

Shiga-toxin-producing Escherichia coli were the 

major bacterial causes of illness. A study of leafy 

vegetables in southwestern Saudi Arabia found that 

17% of watercress, 17% of lettuce, and 13% of leek 

were positive for parasites [8].  

Chlorophyll is green pigment in plants that exert 

benefits on the human′s body. Color, taste, and 

texture play a crucial role in food acceptance and is 

the first factor to increase customer attention. In 

addition, the color may indicate chemical changes 

in foods. Rapid decline in quality and conversion 

to waste due to post-harvest aging is a severe 

problem for green leafy vegetables; their yellowing 

is a common sign of aging [9].  

MAP and cold storage are food preservation 

methods that involve product respiration in 

polymer films in which the gaseous environment is 

actively or inactively modified to reduce the 

bioburden, respiration rate, moisture content, and 

decay rate and extend the shelf life of products.  

However, they are not effective enough [10,11].  

Washing with disinfectant compounds often results 

in only 2 or 3 logarithmic cycle reductions in the 

initial microbial load. Sometimes, it increases 

faster than the population of water-washed 

products during long-term storage. Concerns about 

the toxicity of chlorinated products formed in 

organic matter lead to a continuous search for more 

effective and safer disinfectant methods. Due to 

this fact, irradiation can be an alternative treatment 

to ensure the safety of vegetables [12]. Gamma 

radiation processing is a well-known physical and 
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non-thermal method of food preservation that 

causes minor changes in the appearance and quality 

aspects of food. According to other researchers, 

moderate irradiation treatments at 1-10 kGy, which 

do not make any toxic or microbiological hazards 

to food with proper refrigeration storage, can 

eliminate or decrease microbial spoilages and 

extend the shelf life of fresh fruits and vegetables 

without affecting their taste and texture [13]. 

Hurdle technology is a combination of different 

preservative methods that avoid severe treatments. 

In food storage, quality degradation can be reduced 

by exposing the product to low irradiation doses in 

combination with other methods, such as MAP and 

heat/cold treatments, to maintain production 

quality. The cell membrane was more sensitive to 

the oxidative attack of free radicals. Still, when 

fruits and vegetables were irradiated under MAP, 

the sensitivity decreased, leading to fruit's higher 

sweetness and flavour [14]. In this study, the 

combination of radiation processing, MAP and 

storage at 4 °C has been used due to the importance 

of combined processes to reduce the required dose. 

 

2. Experimental 

A. Chemicals and Appliances 

All Microbial culture media, reagents and solvents 

were purchased from Merck Chemical Co. 

(Darmstadt, Germany).  

 

B. Sample Preparation and Treatments 

In the early morning, herbs (Garlic chives, basil, 

mint, and parsley) samples were harvested from a 

farm near the south of Tehran. They were 

transferred to the laboratory. Any Mud, debris, and 

tails were removed, and edible parts of herbs, 

including young leaves and stems, were washed 

three times with tap water. Excess water was 

removed with a centrifugal dryer for 1 minute. 

Different types of vegetables were packed 

separately in bags made of low-density 

polyethylene polymer (food grade polymer, 

thickness 25 μm, oxygen transfer rate 

2787.89±11.00 cc/m2/day/atm, Water vapor 

permeability 91.17±4.00 g/m2/day and tensile 

stress of 14.00±1.41 MPa) under modified 

atmosphere Henkelman 200A, Netherlands (air, 

vacuum, and N2). Packages were irradiated by 
60Co, in Gamacell 220 (Nordion, Canada) at doses 

of 0 (control), 0.25, 0.5, and 1 kGy [15] at room 

temperature. The dose rate was 1.98 Gy/s, and the 

gamma cell was calibrated using a ferric dosimeter. 

Samples were stored at 4 °C for up to 10 days. In 

the previous study, which was done by our team as 

feasibility research, we found 4°C as the proper 

temperature to store fresh leafy vegetables and 

25 °C as an ambient temperature to reduce 

refrigeration costs. However, samples were not 

safe to consume due to microbial spoilage and 

other undesirable changes in quality. Therefore in 

the present study, we have checked the other 

parameters rather than temperature. The effects of 

MAP, gamma radiation, and cold storage on 

microbial counts, pigments, and the color of fresh 

leafy vegetables were studied during storage. The 

experiments of this study were as follows: 

 

C. Microbial Analysis 

Aerobic Mesophilic total count [16], spore-

forming bacteria count [17], total yeast/mold count 

[18], coliforms count [19], Staphylococcus aureus 

[20, 21], and Escherichia coli presence/absence 

[22] were evaluated in triplicate. Afterward, the 

appropriate plates containing 30–300 bacterial 

colonies and 15–150 fungal colonies were selected 

and counted [23]. The sample contamination was 

calculated and expressed in terms of cfu/g. 

 

D. Determination of Total Chlorophylls, 

Chlorophyll a, b, and Carotenoids Contents 

Chlorophylls [24] and carotenoids [25] were 

extracted and measured. The absorbances of 

extracts were determined spectrophotometrically 

(Beckman Coulter DU 800, USA) to measure 
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chlorophyll a at 663 nm, chlorophyll b, at 645 nm, 

and carotenoids at 470 nm against acetone as a 

blank (Equations 1-4).  

 

Total chlorophyll = 20.2 (A645) + 8.02 (A663)        (1) 

 

Chlorophyll a = 12.7 (A663) – 2.69 (A645)               (2)                

 

Chlorophyll b = 22.9 (A645) – 4.68 (A663)                 (3) 

 

(4) 

Total carotenoids = 1000.0 (A470) – 3.27 

(chlorophyll a) – 104 (chlorophyll b) 

 

E. Hunter's Color Parameters 

Color parameters L* (lightness), a* (green-red), b* 

(blue-yellow) are used to determine the color of 

food, using Hunterlab colorimeter (A60-1010-615 

Model Colorimeter, color flex, USA) and ΔE (color 

change, equation (5)) is used to represent the effect 

of processing on color. The mean values obtained 

at least were from triplicate readings [26].  
 

𝛥𝐸 = √(∆𝐿 ∗)2 + (∆𝑎 ∗)2 + (∆𝑏 ∗)2                 (5) 

  

F. Statistical Analysis  

Duncan's Multiple Range Test (DMRT) was used 

to compare the means (p<0.05) using the SPSS 

(ver. 19) software and subjected to a two-way 

analysis of variance (ANOVA). All measurements 

were performed in triplicate. A completely 

randomized statistical design was used. The 

interaction of independent test variables was 

determined by SAS software (ver. 9.1) and Minitab 

17. The graphs were drawn using Excel software. 

 

3. Results and Discussions 

A. Microbial Contamination Assessment 

According to the analysis of variance, we have to 

illustrate the effect of the independent variable of 

storage, time, and dual interaction of radiation dose 

× packaging atmosphere on aerobic mesophilic, 

spore-forming, coliform, and staphylococcus 

 

counts (p<0.01). The main effects and interactions 

were not significant on mold/yeast counts 

(p>0.01). The effects of storage time on microbial 

contamination of fresh vegetables are presented in 

Table 1. The results showed that in Garlic chives, 

basil, mint, and parsley, at the end of the storage 

time (10th day), the microbial counts increased 

significantly (p<0.05). Microbial contamination of 

non-irradiated and irradiated samples (0.25, 0.5, 

and 1 kGy) under air, N2, and vacuum atmospheres 

are represented in Fig. 1(A-D). As shown in Fig. 1, 

total aerobic mesophilic, Staphylococcus aureus, 

coliform counts were decreased in Garlic chives , 

basil, parsley, and mint under 3 types of packaging 

atmosphere by increasing irradiation dose 

significantly (p<0.05). Contrarily, in Garlic chives 

the spore-forming bacteria increased by enhancing 

the irradiation dose. Still, the difference between 

irradiated treatments at different doses was not 

significant. In addition, at the same irradiation dose 

under N2 atmosphere, microbial contamination 

counts were the least among 4 types of vegetables 

(p<0.05). The presence of E. coli only has been 

observed in non-irradiated samples under all 

packaging atmospheres. Finally, at an irradiation 

dose of 0.5 kGy under N2 atmosphere, the 

microbial counts were in the food hygiene 

standards up to the 10th day of storage. 

According to the results in Fig. 1 (A-D), the aerobic 

mesophilic counts in Garlic chives non-irradiated 

samples under three types of MAP were the highest 

compared to irradiated samples. Also, the 

mesophilic aerobic count of Garlic chives 

irradiated at 1 kGy under vacuum packaging and 

then irradiated samples at 0.5, and 1 kGy under N2 

atmosphere was the lowest. The reduction was 

three logarithmic cycles compared to the highest 

count. The counts of spore-forming bacteria under 

a vacuum packaging atmosphere increased with 

increasing irradiation dose; however, it was not 

significant (P>0.05). 

 



M. A. Roshan, et al.,                                                                                     Journal of Nuclear Research and Applications, 3 (1), P 7-22, Winter (2023)  

 

11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The irradiated specimen at 0.5 kGy under N2 

packaging atmosphere had the lowest counts of 

spore-forming bacteria. The decrease was 6 

logarithmic cycles compared to the most 

contaminated treatment. Staphylococcus aureus 

counts were the highest in non-irradiated 

treatments under air and vacuum packaging, unlike 

in irradiated samples at 0.5 and 1 kGy under N2, air 

atmospheres were the lowest.  

They were equal to zero, and the reductions were 5 

logarithmic cycles compared to the highest counts. 

The irradiated treatment at 0.25 kGy under a 

vacuum packaging atmosphere showed the highest 

count of coliforms in Garlic chives, against the 

lowest in specimens irradiated at 0.5 and 1 kGy 

under N2 and air packaging. They were equal to 

zero, and decreases were 5 logarithmic cycles 

compared to the maximum.  

In the present study, spore-forming bacteria 

increased by increasing the irradiation dose in 

Garlic chives. It can be due to the growth of the 

significant   part   of   Garlic   chives   in the soil. The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

probability of contamination with spore-forming 

bacteria is high. Therefore, it can be said that 

unfavorable circumstances in the growth 

environment of spore-forming bacteria after 

irradiation leads to spore formation, and with 

increasing radiation dose as the intensity of 

unfavorable factor, spore formation increases. As a 

result of anaerobic conditions in vacuum  

packaging, their population will increase with more 

chance of survival. Researchers have found gamma 

irradiation is an effective decontamination method 

against coliform growth in fresh leeks because 

there were no E. coli in samples treated at doses of 

1 and 2 kGy compared to non-irradiated samples 

with a microbial load of 6.16 log cfu/g. The total 

counts of bacteria for irradiated leek samples (1 

and 2 kGy) showed a decrease of 5 log cfu/g before 

storage, and the whole microbial contamination 

was 1.83 log cfu/g (2 kGy) on the 10th day of 

storage. The total microbial load on the first day 

was 5.64 log cfu/g [27]. These are consistent with 

our results. MAP-packed samples' mesophilic  

 

Table 1. The Effect of Storage Time on the Microbial Contamination of Samples* 

 

Vegetable 
Storage time 

(day) 

Microorganisms (cfu/g) 

Total aerobic 

bacteria 

Spore-forming 

bacteria 

Staphylococcus 

aureus 
Coliforms 

 0 (111.10±60*103)b (38.40±5.00*103)b (14.30±1.00*103)b (12.40±1.00*103)b 

Garlic chives 3 b)3(110.60±5.10*10 b)3(40.50±0.40*10 b)3(15.60±1.1*10 b)3(11.50±0.40*10 

 7 b)3(113.20±0.20*10 b)3(40.80±0.80*10 b)3(18.61±1.20*10 b)3(13.80±0.10*10 

 10 a)3(136.70±1.20*10 a)3(52.40±0.90*10 a)3(30.61±0.10*10 a)3(20.40±0.01*10 

 0 (116.20±5.00*103)b (86.20±0.50*103)b (20.20±1.30*103)b (8.20±0.10*103)b 

Basil 3 b)3(119.10±4.30*10 b)3(84.50±0.10*10 b)3(20.40±0.10*10 b)3(8.50±0.05*10 

 7 b)3(120.70±1.40*10 b)3(83.20±0.12*10 b)3(20.60±0.30*10 b)3(8.20±0.50*10 

 10 a)3(129.30±5.10*10 a)3(90.70±0.17*10 a)3(32.70±0.20*10 a)3(9.70±0.10*10 

 0 (76.20±2.40*103)b (71.50±4.00*103)b (6.90±0.40*103)b (7.50±0.20*103)b 

Mint 3 b)3(77.10±3.90*10 b)3(70.60±1.10*10 b)3(7.05±0.20*10 b)3(7.60±0.06*10 

 7 b)3(78.10±7.40*10 b)3(72.60±2.40*10 b)3(7.07±0.13*10 b)3(7.60±0.04*10 

 10 a)3(88.20±2.80*10 a)3(88.40±4.50*10 a)3(8.47±0.40*10 a)3(8.50±0.09*10 

Parsley 0 (43.20±2.30*103)b (16.40±0.10*103)b (1.60±0.20*103)b (1.40±0.10*103)b 

 3 b)3(42.10±1.90*10 b)3(15.20±1.10*10 b)3(1.69±0.01*10 b)3(1.45±0.07*10 

 7 b)3(45.40±2.80*10 b)3(17.80±0.20*10 b)3(1.75±0.04*10 b)3(1.55±0.01*10 

 10 a)3(59.50±1.70*10 a)3(25.70±0.03*10 a)3(4.08±0.05*10 a)3(2.78±0.00*10 

*Values are mean ± standard deviation (n=3); different lowercase letters in the same column show a significant difference by   

Duncan's Multiple Range Test (at p<0.05, each parameter compared separately). 
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aerobic bacteria count was higher than in vacuum 

(P<0.05). This was directly related to the O2 

restriction inside the package because low 

concentrations of O2 inhibit the growth of aerobic 

microbiota. However, the counts at the end of 

storage in both MAP and vacuum-packaged 

samples were less than 6 logs cfu/g [28]. Spores are 

a form of bacteria constructed in the face of adverse 

growing conditions such as nutrient deficiencies,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Improper pH and Eh, radiation, and other 

undesirable factors. Spores, especially absolute 

anaerobic spores such as Clostridium, survive 

longer in vacuum conditions and in the absence of 

oxygen [29]. They also resist adverse dry 

conditions, high temperatures, severe freezing, 

chemical disinfectants and ultraviolet rays. Living 

bacterial spores have been found that are 40 million 

years old on Earth. They have become very 

resistant to radiation [30].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 1. Microbial contamination of non-irradiated and irradiated vegetables (0, 0.25, 0.5, and 1 kGy) under air, vacuum, 

and N2 atmospheres; A. Aerobic mesophilic bacteria, B. Spore-forming bacteria, C. Staphylococcus aureus bacteria, 

D. Coliform bacteria (significance levels were 0.05). 

(A) (B) 

(C) (D) 
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According to the results shown in Fig. 1 (A-D), the 

aerobic mesophilic counts of basil in non-irradiated 

samples under air and vacuum packaging and 

irradiated specimen at 0.25 kGy under vacuum 

packaging atmosphere were the highest. Also, the 

lowest counts of basil aerobic mesophiles in 

irradiated treatments at 0.5 and 1 kGy under N2 

atmosphere. They reduced 4 logarithmic cycles 

compared to the highest. The most spore-forming 

bacteria were counted in non-irradiated and 

irradiated samples at 0.25 kGy under vacuum 

packaging. In contrast, the lowest counts were seen 

in irradiated treatments at 0.5 and 1 kGy under air 

and N2. They decreased 5 logarithmic cycles 

compared to the highest count. Staphylococcus 

aureus and coliforms counts of basil were the 

highest in the non-irradiated sample under a 

vacuum packaging atmosphere and the lowest in 

irradiated specimens at 0.5 and 1 kGy under N2 and 

air atmospheres. Their counts were equal to zero, 

and they reduced 4 and 5 logarithmic cycles 

compared to the highest, respectively. The results 

of aerobic mesophilic bacteria count in the present 

study align with the results of Altay et al. [31]. 

The mesophilic aerobic count in mint samples was 

the highest under the air packaging atmosphere. 

Also, the numbers of aerobic mesophiles of mint in 

the irradiated treatment at 1 kGy under the air and 

N2 packaging atmospheres were the lowest. They 

decreased 2 logarithmic cycles compared to the 

highest number. The numbers of spore-forming 

bacteria, Staphylococcus aureus, and coliforms in 

mint non-irradiated samples under air and vacuum 

packaging atmospheres were highest and inversely, 

after irradiation at 0.5 and 1 kGy under air and N2 

atmospheres were the lowest. Their counts reduced 

3, 4, and 4 logarithmic cycles compared to 

maximum. Our microbial results about mint were 

in the same line with Al-Suhaibani et al. [13] and 

Hsu et al. [26]. 

Aerobic mesophilic counts were the highest in 

parsley non-irradiated samples under three types of 

atmospheres and irradiated treatment at 0.25 kGy 

under vacuum packaging. In contrast, the numbers 

of parsley aerobic mesophilic at 0.5 and 1 kGy 

irradiated treatments under N2 atmosphere were the 

lowest. The counts have reduced 4 logarithmic 

cycles compared to the maximum, the same as 

Cătunescu et al. [11]. Most Staphylococcus aureus 

was counted at 0.25 kGy under vacuum packaging. 

Also, the highest values for spore-forming bacteria 

and coliforms were owned to non-irradiated and 

irradiated samples at 0.25 kGy under vacuum 

packaging.  

In the present study, the lowest population of 

Staphylococcus aureus was observed in irradiated 

samples at 0.5 and 1 kGy under air and N2 

atmospheres. They decreased 5 logarithmic cycles 

compared to the maximum. However, as 

facultative anaerobic bacteria, their count at 0.25 

kGy under vacuum packaging increased 

significantly compared to the non-irradiated and 

other irradiated treatments. This can be attributed 

to the eliciting effect of low irradiation dose on 

their growth and reproduction. Because the 

breakdown of cell walls and bonds between 

macronutrients improves the availability and 

amount of nutrients for bacteria and, as a result, 

increases their growth and reproduction. Vacuum 

conditions and lack of oxygen were not considered 

adverse factors. 

On the other hand, according to the papers, the 

required dose to reduce one logarithmic cycle in 

the number of Staphylococcus aureus at 0 °C under 

vacuum is 0.47 kGy [32]. Therefore, a dose lower 

than this value, i.e. 0.25 kGy, may not significantly 

reduce the Staphylococcus aureus population. The 

absence of oxygen in the vacuum packaging did 

not affect the inactivation of Staphylococcus 

aureus. 

Gamma irradiation and storage at 4 °C of fresh 

spinach, coriander, and mint leaves resulted in 

counting coliforms below the detection limits [33]. 

These results agree with the present study findings. 
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The radiation energy breaks the bonds in the DNA 

double-strand molecules of the microbes in the 

food and leads to defects in the genetic instructions. 

If this damage is not repairable, the organism will 

die or be unable to reproduce. The effectiveness of 

this process depends on the organism's sensitivity 

to radiation, the speed of DNA repair, and in 

particular, the amount of DNA in the target 

organism. A higher radiation dose is needed to kill 

bacteria with less DNA [34]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to Table 2, Chlorophyll a, b, and total 

decreased by 15%, 8%, and 14% on the 10th day 

compared to the first day of storage, respectively. 

The carotenoid content of Garlic chives, except for 

the 3rd day, increased. Carotenoid content increased 

by 41% after 10 days of storage. The total 

chlorophyll content of basil increased significantly 

on the 3rd day, and the other treatments decreased 

significantly over time compared to the first day of  

B. Chlorophyll and Carotenoids Pigments 

Contents  

According to the analysis of variance, we have to 

illustrate the effect of the independent variable of 

storage, time, and the dual interaction of radiation 

dose × packaging atmosphere on pigments contents 

(p<0.01). The results of storage time on pigments 

are displayed in Table 2. The results showed that 

storage time significantly affects pigment contents 

(p<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

storage. Chlorophyll a, b, and total decreased by 

6%, 8%, and 7% on the 10th day compared to 0 

days, respectively. The total carotenoid content of 

basil was the most on the 7th day of storage. 

Carotenoids increased by 33% after 10 days of 

storage. In mint chlorophyll a, b and total 

decreased by 26%, 47%, and 22% on the 10th day 

compared to the beginning of storage, respectively. 

Carotenoids increased by 66% at the end of 

Table 2. Effect of Storage Time on the Chlorophyll and Carotenoids Pigments Contents of Samples* 
 

Pigments Vegetable 
Storage time (day) 

0 3 7 10 

 
Garlic 

chives 
(193.75±0.2)a (178.27±0.08)b (170.95±0.05)b (164.94±0.05)b 

Chlorophyll a Basil b(152.34±0.10) a(182.14±0.02) c(119.11±0.04) b(142.84±0.04) 

 Mint a(98.75±0.02) b(80.22±0.02) c(73.24±0.01) c(72.64±0.01) 

 Parsley b(151.75±0.02) b(158.96±0.04) b(169.01±0.05) a(191.61±0.05) 

 
Garlic 

chives 
(42.01±0.04)b (59.83±0.02)a (35.11±0.02)b (38.66±0.02)b 

Chlorophyll b Basil b(48.84±0.01) a(56.27±0.01) c(28.76±0.06) bc(44.76±0.06) 

 Mint a(29.93±0.01) b(20.89±0.02) c(16.70±0.02) c(15.88±0.02) 

 Parsley c(37.42±0.01) c(37.3±0.01) b(45.07±0.02) a(59.55±0.02) 

 
Garlic 

chives 
(235.77±0.04)a (238.11±0.01)a (206.06±0.04)b (203.590±0.04)b 

Total Chlorophyll Basil b(201.19±0.02) a(239.41±0.03) d(148.01±0.02) c(187.61±0.02) 

 Mint a(239.68±0.01) b(201.11±0.05) d(148.40±0.04) c(187.53±0.04) 

 Parsley c(189.30±0.20) c(195.25±0.20) b(214.12±0.02) a(251.22±0.02) 

Total Carotenoids 
Garlic 

chives 
(2.03±0.03)a (1.15±0.03)b (2.31±0.01)a (2.87±0.04)a 

 Basil c(1.09±0.00) c(1.02±0.00) a(2.34±0.02) b(1.45±0.00) 

 Mint d(0.67±0.01) c(0.96±0.01) a(2.14±0.01) b(1.11±0.01) 

 Parsley b(2.31±0.01) a(3.17±0.10) c(1.05±0.10) c(1.18±0.10) 
 

*Values are mean ± standard deviation (n=3); different lowercase letters in the same row show a significant difference by Duncan's 

Multiple Range Test (at p<0.05, each parameter compared separately). 
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storage. Unlike the other three vegetables, the total 

chlorophyll content of parsley showed a significant 

increase over storage time and had the highest 

amount on day 10th. Chlorophyll a, b, and total 

increased by 26%, 59%, and 33% at the end of 

storage, respectively. Carotenoids decreased by 

49% after 10 days of storage. The results of the 

following researchers were on like our results; 

Chlorophylls a and total in leek that had been 

stored at 4 °C up to 14 days decreased by 43% from 

the initial level. Chlorophyll b remained constant at 

4 °C during the first week and decreased 

significantly. Degradation of chlorophylls a, b and 

total can be delayed by approximately one week by 

cold storage at 4 °C [36]. Significant amounts of 

chlorophyll were lost during storage of fresh 

spinach, coriander, and mint leaves treated with 

gamma rays at 4 °C after 15 days (p<0.05) due to 

chlorophyll degradation [33]. The color changes 

from green to olive brown and yellow, and 

chlorophyll degradation due to replacing the 

centrally chelated magnesium atom with two 

hydrogen atoms, producing metal-free pheophytin 

derivatives [35]. 

According to the results displayed in Table 3, in 

Garlic chives, basil, mint, and parsley with 

increasing the irradiation dose under all 3 types of 

atmospheres, the amounts of the total, a, and b 

chlorophylls showed decreasing trend, which was 

almost significant in all treatments compared to 

non-irradiated samples (p<0.05). In contrast, as 

shown in Fig. 2, total carotenoid content increased 

significantly compared to non-irradiated samples 

under 3 types of atmospheres (p<0.05). In 4 types 

of vegetables, the highest amounts of chlorophyll 

and lowest carotenoid contents among all non-

irradiated, irradiated treatments, or at the same 

irradiation dose were observed in treatments 

packaged under N2.  

Researchers reported that the biological effects of 

gamma rays are based on their interactions with 

atoms or molecules in the cell, especially water, 

resulting in free radicals that can damage various 

bioactive components of the plant cell. Gamma 

rays affect pigments and, therefore, metabolic 

functions [37].  

In irradiated mint, Chlorophylls a, b, and total 

carotenoids increased significantly after storage in 

3 days and decreased sharply on the 6th and 9th 

days of storage. Irradiation at 1 to 3 kGy had no 

significant effect on the total chlorophyll content of 

fresh coriander leaves stored at 8 to 10 °C for 1 

week [38]. However, some other studies expressed 

the enhancement in chlorophyll content in 

irradiated samples due to the inhibition of 

chlorophyllase [15,16], which does not agree with 

our results. 

In the present study, the decline in chlorophyll 

content in irradiated vegetables might be due to 

partial inhibition of chlorophyllase by gamma 

radiation which was not enough. The rate-limiting 

enzyme activity might have decreased due to 

irradiation treatment and MAP [39]. So, more 

amounts of chlorophyll in irradiated treatments 

under N2 atmosphere are attributed to the lack of 

oxygen in MAP. 

E-beam induces Chlorophyll degrading enzyme 

activity, particularly peroxidase, in the early days 

of storage, then sharply decreases until the end of 

storage. E-beam irradiation reduces the activity of 

pheophytinase and significantly increases the 

activity of magnesium dechelatase at the end of the 

storage. Ethylene is a well-known plant hormone 

that accelerates plant aging. E-beam immediately 

elicits ethylene production after treatment, but the 

production is strongly suppressed at the end of 

storage, leading to a delay in chlorophyll 

degradation. It is known that reactive oxygen 

species (ROS) are generally formed through the 

respiratory process in living cells. The plant’s 

respiratory electron transport chain in 

mitochondria generates O−.
2 as a byproduct during 

energy metabolism. The O−.
2 is converted to H2O2 

by   superoxide   dismutase   in   the   chloroplasts,  
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Table 3. Total Chlorophyll, Chlorophyll a, and Chlorophyll b Contents (mg/100g) of Non-irradiated and Irradiated 

Samples (0, 0.25, 0.5, and 1 kGy) under Air, Vacuum, and N2 Atmospheres. 

 

Pigments Vegetable Irradiation dose 

(kGy) 

Packaging atmosphere 

 Air N2 Vacuum  

 Garlic chives 0 (200.24±0.2)a (202.70±0.08)a (203.66±0.05)a  

  0.25 (185.34±0.1)c (196.14±0.02)b (182.84±0.04)c  

  0.5 (174.75±0.02)d (195.22±0.03)b (150.64±0.01)e  

  1 (152.75±0.02)e (180.96±0.04)c (122.61±0.05)f  

Chlorophyll a Basil 0 b(184.02±0.04) a(190.49±0.01) a(188.47±0.01)  

  0.25 c(171.48±0.01) b(182.38±0.02) e(122.75±0.01)  

  0.5 d(160.38±0.02) b(180.26±0.02) f(104.62±0.01)  

  1 f(95.87±0.02) c(178.25±0.01) g(63.57±0.02)  

 Mint 0 a(106.47±2.10) a(108.10±5.58) a(105.38±3.10)  

  0.25 b(98.77±1.56) b(98.97±4.12) b(97.91±4.68)  

  0.5 d(70.50±0.71) b(96.39±1.88) e(64.78±5.40)  

  1 f(47.13±0.05) c(91.98±0.02) g(27.78±0.03)  

 Parsley 0 a(204.68±0.02) a(201.72±0.05) a(205.60±0.01)  

  0.25 c(185.15±0.03) b(190.10±0.01) d(170.11±0.02)  

  0.5 e(158.73±0.05) c(188.40±0.04) g(121.79±0.03)  

  1 f(130.78±0.07) c(186.43±0.01) h(109.99±0.06)  

 Garlic chives 0 (52.08±0.04)c (62.93±0.02)a (48.35±0.02)d  

  0.25 (41.84±0.01)de (62.27±0.01)a (40.76±0.06)bc  

  0.5 (38.93±0.01)f (59.89±0.02)b (31.88±0.02)h  

  1 (35.20±0.01)g (54.26±0.01)c (19.47±0.02)i  

Chlorophyll b Basil 0 a(62.21±0.02) b(56.12±0.01) c(53.58±0.02)  

  0.25 c(53.17±0.02) a(59.38±0.04) e(37.85±0.03)  

  0.5 a(46.01±0.03) b(56.25±0.01) f(16.93±0.02)  

  1 e(34.16±0.01) c(53.62±0.01) g(6.79±0.02)  

 Mint 0 a(36.22±0.17) b(32.88±0.06) b(33.60±0.52)  

  0.25 d(24.80±0.04) c(29.72±0.05) d(22.34±0.10)  

  0.5 a(12.92±0.09) c(28.27±0.02) g(8.61±0.03)  

  1 g(9.21±0.00) c(26.77±0.00) h(5.40±0.02)  

 Parsley 0 a(69.22±0.04) a(68.25±0.09) b(60.24±0.1)  

  0.25 d(48.75±0.01) b(58.55±0.03) d(47.01±0.01)  

  0.5 e(37.93±0.01) b(57.45±0.01) f(28.75±0.01)  

  1 g(24.42±0.01) c(53.98±0.04) h(13.70±0.01)  

 Garlic chives 0 (252.33±0.04)c (265.64±0.01)a (252.00±0.04)c  

  0.25 (227.19±0.02)d (258.41±0.03)b (223.61±0.02)de  

  0.5 (213.68±0.01)f (255.11±0.05)b (182.53±0.04)g  

  1 (187.95±0.20)g (235.22±0.20)d (142.08±0.02)h  

Total Chlorophyll Basil 0 a(246.24±0.03) a(246.60±0.05) a(242.05±0.01)  

  0.25 c(224.64±0.06) a(241.75±0.12) e(160.59±0.50)  

  0.5 d(206.39±0.06) b(236.51±0.02) g(121.54±0.04)  

  1 f(130.03±0.04) b(231.87±0.05) h(70.35±0.05)  

 Mint 0 a(142.69±1.05) a(140.98±2.24) a(138.99±2.06)  

  0.25 c(123.56±0.9) b(128.69±1.08) d(120.25±2.20)  

  0.5 e(83.42±1.11) c(124.66±2.70) f(73.38±1.54)  

  1 g(56.34±0.02) d(118.74±0.05) h(28.32±0.87)  

 Parsley 0 a(273.89±0.20) b(269.97±0.01) b(265.83±0.02)  

  0.25 d(233.89±0.08) c(248.64±0.03) e(217.12±0.04)  

  0.5 f(196.65±0.02) c(245.84±0.01) g(150.54±0.01)  

  1 g(155.19±0.01) c(240.40±0.01) h(123.69±0.01)  

 

* Values are mean ± standard deviation (n=3); different lowercase letters in the same row show a significant difference by Duncan's Multiple Range    

Test (at p<0.05, each parameter compared separately). 
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peroxisomes, and mitochondria. Afterward, H2O2 

combines with the reduced transition metal ions 

such as Fe2+ or Cu+ to generate OH−., through 

Fenton and Haber–Weiss reactions. Tahergorabi et 

al. also demonstrated that ROS could generate in 

plants by water radiolysis under E-beam ionizing 

irradiation. E-beam irradiation triggers the increase 

of H2O2 and O−.
2 immediately after treatment (day 

0), which then gradually decreases during storage. 

Therefore, an increase of H2O2 and O−.
2 on day 0 

may be caused by a high respiratory and water 

radiolysis process. However, previous studies 

report that ROS (O−.
2, H2O2, and OH−.) in higher 

plants cause chlorophyll degradation due to the 

chlorophyll phytyl chain getting oxidized to form 

isophotal [40]. In the present study, observed 

decreases in chlorophyll contents after irradiation 

and during storage time can be due to mentioned 

reasons. 

 

C. Assessment of Hunter's Color Parameters 

According to the analysis of variance, we have to 

illustrate the effect of the independent variable of 

storage, time, and the dual interaction of radiation 

dose × packaging atmosphere on color parameters 

(p<0.01). The results of storage time effects on 

color indices are displayed in Fig. 3 (A-E). The 

results showed that storage time significantly 

affects the pigments of the samples (p<0.05). 

According to Fig. 3, the index of greenness (a*) in  

 

 

 

 

 

 

 

 

 

 

 

 

Garlic chives had a significant decrease on the third 

day compared to day 0 (p<0.05), but no significant 

difference was observed until the tenth day 

(p>0.05). In basil, the a* of color increased on the 

third day compared to day 0 and a significant 

decrease was reported until the tenth day (p<0.05). 

In mint, the a* index decreased until the tenth day 

(p<0.05). The brightness (L*) of Garlic chives, 

basil, and mint decreased on the third day 

compared to the control and then increased until 

the tenth day (p<0.05). In parsley, the a* of the 

color showed an increasing trend and the color 

brightness showed a decreasing trend (p <0.05). In 

conclusion, the highest amounts of color changes 

(ΔE) were observed on the 7th day in garlic chives 

and the 3rd day in basil, mint, and parsley. The 

least amounts of color changes (ΔE) were reported 

in four types of vegetables on the 10th day of 

storage.  As it was represented in Fig. 4, with 

increasing radiation dose in 4 types of vegetables 

under 3 types of atmospheres, the amounts of b* 

and L* increased, and a* decreased. Still, at the 

same irradiation dose, the values of b* and L* under 

N2 atmosphere were less than under air and 

vacuum, and more a* was also observed. The 

colour changes (ΔE) were the lowest in all 4 

vegetables at 0.5 kGy under the atmosphere of N2. 

Contrary to the results of the present study,  

one-week storage had no significant effect on L*, 

a*, and b* but L* has shown a significant increase 

 

Fig. 2. Total carotenoid contents of non-irradiated and irradiated samples (0, 0.25, 0.5, and 1 kGy) under air, 

vacuum, and N2 atmospheres (significance levels were 0.05). 
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during storage of fresh chive at 4 °C [36]. 

Preservation of the browning index in fresh green 

onions packaged under a vacuum can be due to the 

suppression or inhibition of enzymatic browning 

reactions because of no access to oxygen as the 

substrate [38]. Irradiation treatment made 

significant changes in L* and b*but did not affect 

the intensity of a* in cress. Under unconventional 

vacuum and MAP, L* increased at both levels 

compared to the control leaves packed under air on 

the first day. In addition, the upper surface was 

more desirable for color changes than the lateral 

surface, which may be related to the mesophilic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

structure and the presence of the cuticle. Different 

doses of gamma rays caused significant changes in 

all color parameters except to a*. The index of b* 

increased after irradiation and L* amount was 

enhanced during storage time [41]. The reported 

results by Pinela et al. were in the same line with 

the present study. In the HunterLab colorimetric 

test, the ΔE parameter represents the total effect of 

processing on the color indexes of food. In the 

present study, the least amounts of ΔE that show 

the less effect of processing on the product's color 

belonged to irradiated samples at 0.5 kGy 

packaged under N2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 3. The effect of storage time on Hunter's color parameters; A. Garlic chives, B. basil, C. min, D. parsley, E. 

color changes (ΔE Values) (significance levels were 0.05). 
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4. Conclusion   

The highest decreases in microbial contamination 

were found in irradiated samples at 0.5 kGy under 

N2 atmosphere. They were 4 logarithmic cycles 

reduction in basil and parsley for aerobic 

mesophilic, 6 logarithmic cycles reduction in 

Garlic chives for spore-forming, 5 logarithmic 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
cycles reduction in Garlic chives and parsley for 

Staphylococcus aureus and 5 logarithmic cycles 

reduction in Garlic chives, basil, and parsley for 

coliform bacteria. E. coli was only present in non-

irradiated samples under different atmospheres. 

Chlorophyll contents decreased with increasing 

 

 

 
 

 

Fig. 4. Hunter's color parameters of non-irradiated and irradiated vegetables (0, 0.25, 0.5, and 1 kGy) 

 under air, vacuum, and N2 atmospheres; A. Garlic chives, B. basil, C. min, D. parsley; 

 E. ΔE Values (significance levels were 0.05) 
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dose and storage time. Carotenoid changes were 

counter wise. The highest total chlorophyll and the 

lowest total carotenoid content were found under 

N2 atmosphere at 0, 0.5, and 0.25 kGy (P>0.05). 

The b* and L* indexes increased with increasing 

radiation dose under all atmospheres. The a* 

decreased with increasing doses under different 

atmospheres. Also, a* values in four types of 

vegetables at the same radiation dose under N2 

atmosphere were more than in air and vacuum 

(p<0.05). Changing the color parameters was 

proportional to the contents of total chlorophyll and 

carotenoid pigments. In samples with more 

chlorophyll and fewer carotenoids, more a*, less b*, 

and L* parameters were reported. Almost all herbs, 

treatments irradiated at 0.5 kGy under N2 

packaging atmosphere had lower values of ΔE, 

which indicated better preservation of the natural 

color. Therefore, radiation processing at 0.5 kGy 

under N2 packaging atmosphere is recommended 

to prolong fresh Garlic chives, basil, mint, and 

parsley storage by up to 10 days at 4 °C. 
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