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Abstract 
Since persimmon is a pressure-sensitive fruit and it is difficult to store this fruit in warehouses, in this research, an 

attempt has been made to examine the parameters affecting the reduction of changes in its physical properties. The 
samples were loaded at 150 and 250 N, three types of foam container packaging with polyolefin film, polyethylene-
terephthalate, and ordinary box, and four types of polyamine putrescine coating with concentrations of 1 and 2 mM, 
distilled water and uncoated. Properties such as Physiological Weight Loss, volume, and the density of persimmon fruit, 
as well as the firmness of this fruit in the prepost-storage stage were examined. The results showed, the highest firmness 
was obtained in the treatment of putrescine at a concentration of 1 mM and a foam container with polyethylene film with 
a value of 6.5 N, which was almost three times the firmness of uncoated fruits. The lowest Physiological Weight Loss, 
volume, and density were obtained in the same type of coating and packaging. The values of these parameters were 
2.458%, 1.82, and 0.833%, respectively, compared to the first day of storage. Overall, the use of polyamine treatment 
showed a significant effect on changes in the physical properties of persimmon fruit, and foam containers with polyolefin 
film emerged as the optimal packaging option, resulting in the least amount of change among the different types of 
packaging used.  
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Introduction1 

Persimmon is a good source of secondary 
metabolites including antioxidants, 

carotenoids, and polyphenols, and is a popular 
fruit in temperate and tropical regions (Veberic 
et al., 2010). Given the popularity of this fruit, 

it is important to pay special attention to its 
appearance, as agricultural products are 
typically subjected to various factors and 

processes from harvest to consumption. These 
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processes can be simple processes such as 
cleaning, sorting, washing, moving, and 

weighing, or they can be complementary or 
conversion processes that somehow affect the 
characteristics of the product and sometimes 

damage the fruit (Azadbakht et al., 2019a). If 

the damage to agricultural products on farms 
and orchards is added to it, it will cause a large 

amount of waste in agricultural products. 
Mechanical damage to crops between harvest 
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and consumption is a major factor in declining 

quality and marketability (Azadbakht et al., 
2016; Yurtlu et al., 2005). Therefore, 
recognizing the different physical, mechanical, 

chemical, and biological properties and how to 
maintain or change them in order to achieve the 
desired goals of the process can have a great 
impact on maintaining the quantity and quality 

of the product. Every year, a significant 
quantity of agricultural and horticultural 
products goes to waste at various stages, 

especially after harvest. So that the amount of 
this waste in third-world countries due to the 
lack of attention to the principles of storage of 

agricultural products and lack of development 
and the evolution of scientific methods of 
warehousing and damage caused by 
warehousing pests is more than industrialized 

countries (Azadbakht et al., 2019b; Azadbakht 
et al., 2019c). To reduce this wastes, packaging 
and post-harvest processes can be used. For 

packaging, it is necessary to know some 
physical characteristics of fruits. The volume 
and mass of the fruit are the most significant 

and easily identifiable physical properties. 
These factors serve as a basis for various 
considerations and decisions related to the fruit. 
Fruits may require containers specially 

designed for them The volume and surface area 
of the fruit are useful in predicting the desired 
amount of drying and therefore in reducing the 

drying time in the dryer (Azadbakht et al., 
2016; Azabakht et al., 2019d). Also, 
recognizing the characteristics of different 

types of fruits under different conditions allows 
us to modify and design machines and 
industrial processes with new qualitative 
characteristics, as a result, their losses can be 

minimized, and operational efficiency can be 
enhanced. The first step in meeting the quality 
standards of fruits and improving the different 

processing lines of these products is to know the 
different properties of these products and the 
types of their changes due to various factors 
(Masoudi et al., 2006). However, the use of 

coatings to increase the productivity of 
agricultural products is crucial. These coatings 
are used to control the rate of product 

respiration, control physiological diseases and 

reduce the growth of microorganisms, and most 
importantly, reduce crop water loss. These 
coatings are non-toxic substances and a type of 

wax that is safe for the environment and human 
health, with no negative effects, which prevents 
the growth of fungi and maintains the 
appearance of the fruit for a longer period of 

time, while they are easy to use (Ardakani et al., 

2010). On the other hand, fruit coating in the 

warehouse may affect the antioxidant capacity 
and nutritional value of the fruit. In this context, 
it has been reported that a slight increase in the 

amount of internal carbon dioxide in the fruit 
due to the use of coatings increases the 
synthesis of antioxidant compounds (Jeong et 
al., 2004). Various studies have been conducted 

on the effect of coating and packaging factors 
in different warehouses. 

Azadbakht et al. (2019e) conducted a study 

on the effect of loading and storage of pear fruit, 
which concluded that loading had a significant 
effect on deteriorating the physical attributes of 

pear fruit. Mirdehghan et al. (2007) conducted 
a study on the effect of using polyamine coating 
treatment on pomegranate during storage. The 
results of this study showed that using this 

coating in warehousing prevents the reduction 
of firmness and respiration of pomegranate 
fruit. Additionally, it has been observed to have 

an impact on the chemical properties of the 
fruit. Mirdehghan et al. (2016) conducted a 
study using a coating on grapes, which showed 

that the application of polyamine treatment 
during warehousing resulted in lower weight 
loss compared to control samples and other 
coatings. Zahedi et al. (2018) conducted a study 

on the effect of polyamine coating treatment on 
various physical properties of mango. The 
results demonstrated that the use of this coating 

during product warehousing delays the rate of 
water outflow from the fruit, reduces weight 
loss, and enhances firmness. Cangi et al. 

(2011), examined some physical and chemical 
properties of kiwifruit at the stage of 
physiological maturity. They measured the 
geometric mean diameter, sphericity, specific 
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gravity, the porosity, the area along the three 

axes Y, X, and Z, and the color properties. 
The objective of this study was to examine 

the physical properties of persimmon fruit 

under different conditions, as this fruit is known 
for its sensitivity. In this study, using a quasi-
static loading device, the loading force was 
applied to the product to change the internal 

tissues. As a result, the physical properties of 
this fruit, which significantly affect its 
marketability, undergo rapid changes when 

subjected to storage conditions. The use of 
proper packaging and coating for storage of this 
product increases the durability of this product. 

This study aimed to investigate the impact of 
force on persimmons and evaluate the influence 
of various packaging and coating methods on 
the rate of change in weight, volume, density, 

and firmness of persimmons under cold 
conditions. 

 

Materials and Methods 

Sample preparation 
In this research, persimmons were obtained 

from a garden in the Hashemabad region near 

Gorgan City, Golestan province, Iran. The 
persimmons were then brought to the 
laboratory of the Department of Bio-System 

Mechanical Engineering, Gorgan University of 
Agricultural Sciences and Natural Resources, 
Gorgan, Iran. Damaged persimmons were 

separated from the batch, and the remaining 
spotless persimmons were cleaned with a damp 
cloth. All persimmons were categorized based 
on their dimensions, ensuring equalization to 

minimize experimental errors. Persimmons 
with extreme dimensions and weight were 
excluded from the study. After sorting, the 

remaining persimmons were carefully coated. 
Subsequently, the coated persimmons were 
subjected to two levels of load: 150 N and 250 
N. They were then packed in foam containers 

with polyolefin film, polyethylene terephthalate 
(PET), and ordinary boxes, and stored for 25 
days. Then properties such as weight, volume, 

density, and firmness of persimmons were 
measured. 

 

Coating 

Polyamine putrescine was used for the 
coating. In the first type of coating, 1 ml of 
putrescine was applied, while in the second type 

of coating, 2 ml of putrescine was used. The 
third type of coating involved the use of 
distilled water as a control. Additionally, for a 
comprehensive study, uncoated samples of 

persimmons were considered as the control 
group in the experiment. All persimmons were 
immersed in the coating solution for 10 minutes 

and then placed on a flat surface in a laboratory 
at 20°C for drying. To ensure optimal 
immersion quality, eight persimmons were 
placed in containers at each stage. 

 

Static loading 
Samples of coated persimmons were loaded 

using a pressure-deformation device (the 
Santam Indestrone -STM5-Made in Iran) in two 
pressure load levels: 150 and 250 N. The 

compression test was conducted using two 
circular plates, applying a speed of 10 mm per 
minute. To ensure consistency, all persimmons 
were loaded in a single direction. Please refer to 

Fig. 1 for the placement of the samples (Vahedi 
Torshizi et al., 2020). 

 

Packaging and storage 
After loading, the samples were packaged 

using three foil container packs with polyolefin 
film (Fig. 2.A), polyethylene-terephthalate 

(Fig. 2.B), and ordinary box (Fig. 2.C). Four 
persimmons were placed in each pack with 
polyolefin and polyethylene terephthalate film 

packaging. After packing, the samples were 
taken to the cold storage of the Gorgan 
University of Agricultural Sciences and Natural 

Resources and placed in a refrigerator at a 
temperature of 5°C for 25 days. 
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 Fig. 1- Loading of persimmons 

 

  
Fig. 2- Types of packaging used 

 

The physical properties 
For physical properties, the weight of each 

sample was recorded individually and in 
packages. The package weight was subtracted 
from the total weight of the samples to obtain 

the net weight of the individual fruits. The 
volume of the samples was measured using the 
water displacement method before coating. The 
density of each sample was calculated using the 

appropriate density formula. To determine the 
package density, the densities of the four fruits 
placed in each package were summed. The 

samples' average weight and volume were 
measured. The packages were then stored in the 
warehouse for 25 days. After the storage period, 
the packages were returned to the laboratory, 

and the weight, volume, and density of each 
sample and package were re-evaluated. The 
percentage reduction in weight, volume, and 

density compared to the initial measurements 
was calculated. To assess firmness changes, 

persimmon samples from each package were 
tested using a penetrometer (EFFEGI model, 

made in Italy). To conduct this experiment, the 
skin of the persimmons was protected from 
damage by applying controlled pressure. 

Following the provided instructions, the 
penetrometer probe was positioned on the 
desired part of the persimmon. By applying the 
required pressure, the probe penetrated the fruit 

flesh, and the corresponding value displayed on 
the penetrometer represented the fruit's 
firmness (Azadbakht et al., 2019) . The 

firmness was measured for each sample of 
persimmon and then an average of 4 
persimmons was recorded for each package. 

 

Statistical Analysis 

The study focused on investigating the 
physical properties of persimmons. The 
independent parameters included loading force 

at two levels (150 and 250 N), three types of 
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foam container packaging with polyolefin film, 

polyethylene-terephthalate, and ordinary box, 
four types of coatings include polyamine with 
concentrations of 1 and 2 mM, distilled water 

and non-coated. The dependent factors 
examined were changes in firmness, weight 
loss, volume reduction, and density as a 
percentage during the pre- storage and post-

storage stages. All experiments were replicated 
three times and the results were analyzed using 
factorial experiments and in a completely 

randomized design using SAS statistical 
software and finally, the comparison of means 
test was plotted on a graph. 

 

Results and Discussion 

The results of the analysis of variance for the 
effects of loading, coating, and packaging 
factors are shown in Table 1. All three factors 

showed significant effects on the percentage 
change in persimmon fruit volume at a 
statistical significance level of 1%. 
Additionally, the interaction effects of 

packaging and coating were found to be 

significant at a statistical significance level of 

5%. Regarding the weight loss percentage, both 
coating and packaging factors exhibited 
statistical differences at probability levels of 

5% and 1%, while the load force factor and the 
interaction effects of the factors were not found 
to be significant. The statistical study of the 
percentage of density changes indicated that the 

load force factor has a significant effect on this 
dependent factor at a 5% level of significance. 
Furthermore, the coating and packaging factors 

demonstrated significant effects at a 1% level 
of significance. No significant effect was 
observed on the interaction of independent 

factors regarding the percentage of density 
changes. Finally, the statistical study of 
persimmon firmness revealed that all three 
independent factors- loading force, coating, and 

packing- significantly affect fruit firmness at a 
1% level of significance. Additionally, the 
interaction effect of loading and coating, as well 

as the interaction effects of packaging and 
coating, were found to be significant at a 5% 
level of significance. 

 
Table 1- Analysis of loading, coating and packaging variance for the parameters of the percentage change in 

weight, volume, density and firmness of persimmons during storage 

 Firmness Weight loss percentage 

 Mean square F value Mean square F value 
Loading 13.43 67.70** 0.496 2.52ns 
Coating 27.05 133.36** 0.559 2.85* 
Packing 28.76 144.94** 13.93 70.78** 

Loading × coating 0.677 3.41* 0.004 0.02ns 
Loading × packing 0.22 1.12 0.007 0.04ns 
Packing × coating 0.532 2.69* 0.044 0.23ns 

CV 11.23 19.36 

 Volume loss percentage Density loss percentage 

Loading 5.58 17.40** 2.75 6.10* 
Coating 26.10 81.30** 19.05 42.24** 
Packing 29.40 91.60** 6.05 13.41** 

Loading × coating 0.078 0.25 0.115 0.25 
Loading × packing 0.23 0.72 0.154 0.34 
Packing × coating 0.817 2.55* 0.849 1.88 

CV 13.61 25.89 

** Significant difference at the statistical level of 1%, * Significant difference at the statistical level of 5%, ns no 
significant difference 

 

Firmness 
The results of the interaction effect of 

loading force and coating are shown in Fig. 3. 
Based on the figure, it can be said that 

increasing the loading force has reduced the 

firmness of persimmon fruit and in fruits treated 
with putrescine coating, the amount of 
reduction has been less than other coatings and 



6     Iranian Food Science and Technology Research Journal Vol. 19, No. 3, 2023 

the use of putrescine coating has improved the 

firmness of the samples. The reason for this can 
be explained by the fact that the use of coating 
has caused a decrease in the respiration rate of 

stored fruits, thereby delaying their ripening. 
When a film or layer of polyamine coating is 
applied to fruits, it reduces the exchange of 
ethylene and moisture. This reduction in gas 

exchange includes a decrease in the infiltration 
of oxygen and air into the fruit, as well as a 
decrease in ethylene emission. As a result, the 

synthesis of ethylene decreases, leading to a 
reduction in the respiration rate of the fruits 
and, consequently, a decrease in their ripening 

process. Meighani et al. )2015(on pomegranate 

(Meighani et al., 2014) and Mirdehghan et 

al.)2016( on grape (Mirdehghan et al., 2016) 

who used polyamine coating reported similar 
results. There was no significant difference in 

the loading power of 150 N between different 
concentrations of polyamine, but these 
concentrations created a significant difference 

with the coating of distilled and uncoated water. 
However, the treatment of coating with distilled 
water and uncoated samplesdid not differ 

significantly in this force. For the loading force 
of 250 N, there was a significant difference 
between all the applied coatings, and the 
treatment of polyamine with a concentration of 

1 mM was able to make a significant difference 
for the firmness of persimmon fruit. The highest 
firmness for persimmon fruit was observed in 

the coating treatment with 1 mM putrescine and 
the loading force of 150 with a value of 5.91 N 
and the lowest value was observed in the 
uncoated state and a loading force of 250 N 

with a value of 2.36 N. The reason for the 
changes in the firmness of the fruit with 
increasing loading can be explained that the 

force causes changes in the texture and cell wall 
of the fruit and any change in internal pressure 
will change the mechanical properties of the 

cell wall and consequently the whole tissue. In 
other words, over time and during product 
storage, by reducing the internal pressure at the 
cellular level, the stresses caused by mechanical 

shocks in the product tissue are reduced and as 

a result, the vulnerability of the product is 

increased (Garcıá et al., 1995). 
According to the results obtained for the 

firmness shown in Fig. 4, the highest amount of 
fruit firmness was in treatment which used 1 
mM of putrescine and for all three packages, the 

highest value was observed in this coating. For 
packing foam foil with polyolefine film, 
polyethylene-terephthalate, and ordinary box, 
respectively, the highest amount was obtained 

in 1 mM coating with values of 6.5, 5.6 and 3.95 
N. Also, the lowest values were obtained for all 
three packages in the uncoated state. In the 

foam container with polyolefin film, a 
significant difference was obtained between all 
four coating treatments and for the 
polyethylene-terephthalate container, no 

significant difference was observed between 
the putrescine concentrations. However, the 
coating of putrescine is significantly different 

from other coatings, and for the packaging 
mode with the ordinary box, there was no 
significant difference in the treatment of 

putrescine. 
There was no significant difference between 

uncoated and distilled water. Also in the foam 
container with polyolefin film, persimmon has 

a limited space compared to other types of 
packaging, this in itself causes the ethylene 
content to be lower due to the limited space 

created and the same controlled space in this 
package has reduced the amount of ethylene, 
and this has caused the firmness of the samples 

in this type of packaging to be higher than other 
packages. Barmen et al. 2011 reported similar 
results, stated that polyamines maintain the 
strength of the fruit in their cross-links to the 

carboxyl group, this is attributed to the cell 
wall, which strengthens the firmness of the 
fruit. On the other hand, the use of polyamine 

binds it to pectin, which blocks and restricts the 
access of enzymes that destroy cell walls such 
as pec-methylesterase, pectinesterase, and 

polygalacturonase, thus lowering the softening 
speed during storage and Warehousing 
(Barman et al., 2011). Mirdehghan et al. 2007 
reported a significant effect of polyamine on 
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pomegranate fruit firmness (Mirdehghan et al., 

2007). 
 

Physiological Weight Loss 
Fig. 5 shows a comparison of persimmon 

weight loss between packaging and coating. 
According to the results shown in Fig. 5-A, 

using foam container with polyolefin film led to 
lower percentage of weight loss than the other 
two types of packaging and had a significant 

difference with the other two packages. In 
samples containing coating, 1 mM coating 
resulted in a lower percentage of weight loss 

than other coatings, and no significant 
difference was observed between the water 
coatings and 2 mM polyamine. However, the 
weight loss percentage of uncoated persimmons 

differs significantly from other coatings as 
shown in Fig. 5-B. Fresh fruits lose 3 to 10 

percent of their total weight after harvest, and 

this weight loss in crops may be due to loss of 
moisture, evaporation, and respiration, which in 
turn reduces fruit weight (Shiri et al., 2013). 

Also, the loss of fruit weight during storage is 
due to the exchange of water between indoor 
and outdoor space, which accelerates the rate of 
transpiration by cellular degradation, which 

causes moisture to escape from the samples 
faster. On the other hand, the loss of water 
inside the fruit tissue occurs mainly through the 

cuticle or the physical properties of the fruit or 
both. For weight loss, the loss of carbon in each 
respiratory cycle can be considered an 

important reason for these changes. In fact, the 
purpose of using coating on the fruit is to 
prevent the internal moisture of the fruit from 
evaporating faster (Emamifar et al., 2017). 

 

 
Fig. 3- Interaction of coating and loading on the firm content of persimmon fruit 

Large letters similar to no significant difference in a fixed force and small letters similar to no significant difference in a 
fixed coating 
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Fig. 4- Interaction of coating and packaging on the firm content of persimmon fruit 

Large letters similar to no significant difference in a fixed package and small letters similar to no significant difference 
in a fixed coating 

 

This is why a significant difference is seen 

on the use of polyamine coating compared to 
the control sample. The lowest percentage of 
weight loss was obtained from foam packaging 
with polyolefin film with 2.45% and in 

polyamine coating, 1 mM was obtained with a 
value of 2.098% and the highest amount was 

obtained in 4.95 and 4.94%, respectively, in 

ordinary and uncoated boxes. The results are 
similar to those of Patel et al. (2019) on the 
effect of coating and storage on pepper (Patel et 
al., 2019) and Champa et al. (2014) on grapes 

with polyamine coating (Champa et al., 2014). 

 

 
Fig. 5- Comparison of average 

A: Packaging B: coating on the percentage of weight loss 
The same letters in each part A and B indicate no significant difference 
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Volume changes 
Fig. 6 shows the results of the effect of 

coating and type of packaging on the 
percentage change in persimmon fruit volume. 

Due to the shape of the 1 mM polyamine 
coating, there is a significant difference 
between all three boxes. This means that the 
use of 1 mM polyamine coating caused the 

number of percentage changes in volume in the 
type of packaging with "foam container and 
polyolefin film" to be less. There is no 

significant difference between this container 
and the polyethylene-terephthalate container in 
other coatings. However, the two packages 
show a significant difference from packing 

with an ordinary box for the percentage change 
in persimmon fruit volume. It can be stated that 
over time, due to environmental factors, 

moisture is removed and has a direct effect on 

reducing the volume during storage time (Strik 
et al., 1998). The highest amount of volume 
changes was observed in the type of packaging 

of ordinary boxes and non-coated samples with 
a value of 6.954% and the lowest value was 
observed with a value of 1.824 in the 
packaging with foam container with polyolefin 

film in a 1 mM putrescine coating. Fig. 6-B 
showed that increasing the loading force had a 
significant effect on the number of changes in 

persimmon volume. The reason for this can be 
stated that by creating pressure and loading, 
the rate of destruction of the internal structure 

increases and causes the loss of interstitial 
water of the product, as a result the volume of 

the product decreases (Harker et al., 1994). 

 

 
Fig. 6- A: The interaction effect of coating and packaging B: Comparison of the average load force on the 

percentage of volume changes 
Large letters similar to no significant differences in a fixed coating and small letters similar to no significant differences 

in a fixed package 
 

Density changes 

The percentage change in density is shown 
in Fig. 7. Considering the results presented in 
Fig. 7-A, the use of polyamine putrescine 

caused a significant difference compared to 
other coatings. There was a significant 
difference between the putrescine 
concentrations used. The lowest density 

changes was by1 mM coating used (0.833%) 
and the highest percentage of density changes 
was 3.156% in non-coated samples. There was 

a significant difference between the four 

coatings applied. Bakhshi et al., Who 
conducted a study on apples in 2011, found a 
similar result that storage reduced the density 

of fruits and the reason for this is the 
destruction of pectin between cells that have 
spread around after destruction and they are 
connected to smaller walls, which enlarges the 

space between the cells (Bakhshi Khaniki et 

al., 2012). Fig. 7-B shows the difference in the 

type of packaging. The use of foam container 
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packaging with polyolefin and polyethylene 

films did not differ significantly from each 
other. However, the percentage of changes in 
the foam container with polyolefin film was 

less than the polyethylene-terephthalate 
container and this amount was 1.44%. 
However, using an ordinary box had the 
highest percentage of density changes with a 

value of 2.43%, which is statistically had 
significant difference with the other two types 
of packaging. This might due to the fact that in 

both types of foam packaging with polyolefin 

and polyethylene film, the difference in 

moisture does not exceed one value, and in 
such a way that persimmons can no longer loss 
more moisture. This reduces the weight of the 

specimens and due to the fact that the weight 
and density have a direct relationship with 
further weight loss, the density decreased. Fig. 
7-C showed the percentage of density changes 

in different loading forces. Increase in loading 
force led to increase the rate of density changes 
with significant difference between the loading 

forces. 
 

  
Fig. 7- A: Comparison of mean coating B: Comparison of mean packaging 

C: Comparison of Average Load Force on Percentage of Density Changes 
The same letters in each part A, B and C mean no significant difference 

 

Conclusion 
According to the results obtained from the 

study of three factors of loading, coating, and 

packing force, and their impact on the 
dependent variables of firmness, weight loss 
percentage, volume, and density, it can be 

concluded that packaging had a greater 
influence on firmness and percentage 
reduction in volume compared to the other two 

factors. After packaging, coating and loading 
showed an effect on these variables. In terms 
of the percentage of density reduction, coating 
had a more significant impact, followed by 

independent packing and loading force, which 
affected the density reduction percentage. 
Regarding fruit firmness, it was observed that 

using 1 mM putrescine coating and packaging 
the fruits with a foam container and polyolefin 
film resulted in up to twice the rigidity 

compared to uncoated fruits when using the 
same packaging. This indicates the effect of 
coating and the use of this type of packaging, 

which is observed in both loaded and control 

fruits. In terms of physiological weight loss, the 

utilization of equal concentration and 
packaging density resulted in a twofold 
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decrease in the percentage of changes 

compared to uncoated sample. For 
physiological weight loss, the most significant 
weight changes was observed with the same 

coating and package in putrescine coating. 
However, for the percentage decrease in 
volume, the use of putrescine coating with a 
concentration of 1 mM and packaging with 

foam container and polyolefin film resulted in 
a volume reduction in the samples that was 
three times lower than the non-coated samples. 

This highlights the significant impact of this 

particular packaging and coating. Finally, in 

terms of the percentage decrease in density, the 
use of 1 mM of putrescine coating resulted four 
times fewer density changes than uncoated 

sample and the use of packaging with foam and 
polyolefin film reduced the density changes 
twice compared to the ordinary box. Overall, 
the use of putrescine coating treatment at a 

concentration of 1 mM and packaging with 
foam and polyolefin film can be considered the 
best coating and packaging for persimmons, 

regardless of the loading forces. 
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 تحت بار یخرمالو وهیم یکیزیف اتیخصوص یبر رو یبندانواع پوشش و بسته ریثأت
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 چکیده
ه شود، در این تحقیق سعی شده بی حساس به فشار بوده و نگهداری این میوه در انبارها به سختی انجام میبا توجه به اینکه خرمالو یک میوه

نیوتن، سه نوع  250و  150سطح  2این پارامترها نیروی بارگذاری در  .پارامترهای موثر بر کاهش تغییرات خصوصیات فیزیکی آن پرداخته شودبررسی 
ولار، ممیلی 2و  1های معمولی و چهار نوع پوشش پلی آمین پوترسین با غلظت یترفتالات و جعبه اتیلناولفین، پلیپلی فیلم با فومی بندی ظرفبسته

ل و بعد از ی قبآب مقطر و بدون پوشش بود. خصوصیاتی مانند درصد تغییرات وزن، حجم و چگالی میوه خرمالو و همچنین سفتی این میوه در مرحله
ر و پوشش ظرف مولامیلی 1ها، بیشترین مقدار سفتی در تیمار پوترسین با غلظت انبارداری بررسی شد. با توجه به نتایج بدست آمده برای سفتی میوه

های بدون پوشش بود. کمترین میزان درصد کاهش وزن، حجم نیوتن بدست آمد که تقریبا سه برابر سفتی میوه 5/6اولفین با مقدار فومی با فیلم پلی
باشد. در بارداری مینسب به روز اول ان % 833/0و  82/1، 458/2بندی بدست آمد که مقادیر آن به ترتیب و چگالی نیز در همین نوع پوشش و بسته

بندی که کمترین ی خرمالو را نشان داد و بهترین ظرف نوع بستهآمین تاثیر مثبتی جهت تغییرات خصوصیات فیزیکی میوهمجموع استفاده از تیمار پلی
 اولفین بود.تغییرات را ایجاد کرد ظروف فومی با فیلم پلی
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Abstract 
Global concern about human health and the increase the prevalence of chronic diseases in recent years lead to growing 

appeals for nutritious and healthy compounds, such as coenzyme Q10. Susceptibility to heat and lipophilic properties of 
coenzyme Q10 limit its utilization in food. Encapsulation is a technology that protects bioactive ingredients from harsh 
environmental conditions and extends shelf life. The purpose of this study was to encapsulate coenzyme Q10 using 
complex coacervation by gelatin–basil seed mucilage and characterize physical, thermal and chemical properties of 
produced microcapsules. Response surface methodology was applied to determine the optimum level of the four 
formulation variables for maximum encapsulation efficiency, loading capacity and turbidity and minimum supernatant 
absorption. The optimum microcapsules had encapsulation efficiency of 83.69%, encapsulation load of 16.32%, turbidity 
of 0.979 and supernatant absorption of 0.227. The microcapsules were assessed by scanning electron microscopy, Fourier 
transform infrared spectroscopy, and differential scanning calorimetry. The results of FTIR confirmed the formation of 
coacervates. The thermogram of Q10 loaded microcapsule melting point was not observed at its melting point (50°C) due 
to its solubility in the oil phase and appropriate entrapment. Release behavior of Q10 was studied by different mathematical 
models. Microencapsulated Q10 was used to fortify milk and the results showed that the developed protein-carbohydrate 
microcapsules can be applied for protection of hydrophobic compounds. 

 
Keywords: Basil seed mucilage, Coenzyme Q10, Encapsulation, Gelatin, Physicochemical characterizations 

 

Introduction 1 

Coenzyme Q10 was first discovered by 
Professor Fredricke L. Crane in 1957. It is a 
natural and efficient antioxidant that is found in 
the human body in both of reduction and 

oxidation form (Wang et al., 2023). The Q10 is 
one of the main parts of electron transport chain 
in the mitochondria. It has an essential function 

in metabolism of mitochondrial energy and is 
responsible for converting energy from 
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carbohydrate, protein, fatty acid to adenosine 

triphosphate (ATP). The Q10 is a reinforcer of 
immune function and it is an improver of 
muscular dystrophy, exercise capacity, heart 

function and overall quality of life (Li et al., 
2023). 

Microencapsulation is a technology that 
protects various food ingredients from the 

environment and controls their release to target 
specific sites or meliorates their flow and 
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organoleptic properties. Various methods for 

preparation of microcapsules have been widely 
introduced, such as the phase separation, 
extrusion method, complex coacervation and 

polycondensation. Among these, complex 
coacervation is considered an excellent method 
for microencapsulation because of the simple 
experiment process and high loading capacity. 

Complex coacervation is used in food industry 
for encapsulation of bioactive ingredients. 
When two or more oppositely charged 

polyelectrolytes are combined under a 
reasonable condition, two phases are created, 
including polymer rich phase and polymer poor 

phase. The former phase is a dense soluble that 
participates in the process of encapsulating 
(Yang et al., 2015). Many studies have been 
reported on complex coacervation of  proteins 

and polysaccharides, such as gelatin/gum 
Arabic (Dong et al., 2011), soybean protein 
isolate/pectin (Hu et al., 2023), whey 

protein/gum Arabic (Sharifi et al., 2021), 
canola protein isolate/chitosan (Chang et al., 
2016), gelatin/acacia gum (Nakagawa and 

Nagao, 2012) and gelatin/pectin (Byeon et al., 
2023).  

Basil seed is obtained from the basil plant 
(Ocimum basilicum), which belongs to the 

Labiatae family. It has high mucilaginous 
components, which is classified as anion 
hydrocolloids. The mucilage of basil seed has 

been used in the food industry as a functional 
ingredient because of its potential applications 
as a thickening and stabilizing properties 

(Hosseini-Parvar et al., 2010; Razavi et al., 
2010). 

To the best of our knowledge, there is no 
work on complex coacervation involving basil 

seed mucilage and gelatin. Basil seed mucilage 
and gelatin are appropriate to be used to form 
coacervates as gelatin is positively charged 

below its isoelectric point, while basil seed 
mucilage is negatively charged in a wide pH 
range. Therefore the aims of this research were 
to encapsulate coenzyme Q10 by complex 

coacervation using basil seed mucilage and 
gelatin and characterize physicochemical 
properties of produced microcapsules. Effects 

of the gelatin percentage, basil seed mucilage 

percentage, oil phase percentage, and pH on the 
encapsulation efficiency (EE), encapsulation 
load (EL), turbidity, and supernatant 

absorbance were also assessed. Scanning 
electron microscopy, Fourier transform infrared 
(FTIR) spectroscopy, and differential scanning 
calorimetry (DSC) were used to characterize 

microcapsule properties. 

 
Materials and Methods  

Materials 
Bovine gelatin was obtained from Global 

Capsule Company (Bangladesh). Basil seed 
was purchased from a local market (Esfahan, 

Iran). Coenzyme Q10 was obtained from 
Zhejiang Nhu Company (China). Sunflower oil 
was provided from Varamin Company (Iran). 

N-hexane was obtained from Sepahan 
Company (Iran). Methanol and n-hexane were 
HPLC grade and obtained from Merck 
Company (Germany).  

 

Mucilage extraction 
The extraction of basil seeds mucilage was 

carried out based on a method of Hosseini-
Parvar, et al. (2010) with some modifications. 
The mucilage extraction was performed at 65 
0C, pH=8 (0.1 M NaOH and HCl) and water to 
seed ratio of 50: 1 for 20 min. The seeds were 
passed through an extractor (Pars Khazar P700, 
Iran) with a rotating rough plate that scraped the 

mucilage layer on the seed surface to separate 
the mucilage from swollen seeds. Then the 
mucilage was collected and the impurities 

extracted in extraction mucilage were removed 
by filtering with cloth filter and centrifuging 
(Hermle Labortechnik GmbH Z 36 HK, 

Germany) at 12800 g for 20 min at 20 0C. It was 
then freeze-dried (Dena, Iran) for 24 h at -40 0C. 
Finally, the samples were kept in plastic bags at 
room temperature (Hosseini-Parvar et al., 2010; 

Razavi et al., 2010). 
 

Optimization and statistical analysis 

Formulation of samples was designed based 
on four independent variables (gelatin 
percentage of 1 to 3%, mucilage percentage of 



Ramezani et al., Encapsulation of Coenzyme Q10 by Gelatin–basil Seed Mucilage Using Complex…      17 

0.5 to 1%, oil phase percentage of 0.4 to 0.8%, 

and pH of 3.3 to 4.2). Box-Behnken design was 
implemented to evaluate the effect of gelatin 
percentage, mucilage percentage, oil phase 

percentage, and pH on physicochemical 
properties of microcapsules. Twenty five 
different runs were proposed by Design Expert 
Software version 7.0.0 (Stat-Ease Inc., 

Minneapolis, MN) (Table 1). All the 
independent variables were kept within range. 
The analysis of variance (ANOVA) was used to 

identify significant parameters. Differences of 
p<0.01 were regarded to be significant. 

 
The encapsulation method   

Encapsulation was performed according to 

Silva, Favaro‐Trindade, Rocha, and Thomazini 
(2012) method with some modifications. An 

oily dispersion, consisting of 20% Q10, was 
prepared with sunflower oil. It was added to the 
aqueous solution of gelatin (based on the 

percentages provided in Table 1 at 400C and 
agitated in 14000 rpm for 3 min by a 
homogenizer (Ultra Turex T18, Germany). A 

0.1 M NaOH was used to adjust the the pH at 8. 
Then an aqueous solution of basil seed 
mucilage (based on the percentages provided in 
Table 1 was added to the emulsion at 40 0C. The 

mixture was stirred using a magnetic stirrer 
(RH basic 2; IKA® Works) for 10 min and 0.1 
M HCl was used to adjust the pH. The 

coacervate particles were formed by decreasing 
pH. The turbidity and supernatant absorption 
were determined by spectrophotometer (PG 

instruments, T60UV, United Kingdom) at 600 
nm. The system was kept at 10 0C for 12 h. 
Then, the supernatant was separated and 
coacervate was freeze-dried (Dena, Iran) at 40 

0C for 24 h. The freeze-dried material was 
transferred in a glass jar and aluminum foil was 
used to keep it away from light (Silva et al., 

2012). 
 

Encapsulation efficiency  
To determine encapsulation efficiency (EE) 

and encapsulation load (EL), hexane 
extractable surface and total oil in microcapsule 
were evaluated. To evaluate surface oil, 0.5 g 

microcapsule powder was added to 5 ml hexane 

and it was hand shaken for 5 min. The mixture 
was then centrifuged (SIGMA Laboratory 
Centrifuge 3-18, Germany) for 5 min at 2000 

rpm. The supernatant was attentively 
accumulated, filtered through Watman 42 paper 
filter and transferred to a pre-weighted round-
bottom flask. Solvent was eliminated by a 

rotary evaporator (Hei-VAP; Heidolph 
Instruments GmbH & Co. KG, Schwabach, 
Germany) at 60 0C. Surface oil was prescribed 

gravimetrically (Ifeduba & Akoh, 2016).  
To evaluate total oil, 2 ml of 5 M HCl was 

added to 0.5 g of microcapsule powder in order 

to release the inner oil and it was agitated using 
a magnetic stirrer (RH basic 2; IKA® Works) at 
60 0C for 1 h. the mixture was allowed to react 
at room temperature and then it was transferred 

to a decanter and twice extracted with 5 ml 
hexane. The supernatant was filtered through 
Watman 42 paper filter and transferred to a pre-

weighted round-bottom flask. The solvent was 
eliminated by a rotary evaporator (Hei-VAP; 
Heidolph Instruments GmbH & Co. KG, 

Schwabach, Germany) at 600C. Total oil was 
measured gravimetrically (Ifeduba et al., 2016). 
The encapsulation efficiency (%) and 
encapsulation load (%) were determined based 

on the following formula (Calderón-Oliver et 
al., 2017). 

Encapsulation efficiency (%) =  
Wt – Ws 

 Wt
 × 100    

                                                                (1)   

Encapsulation load (%) = 
Wt – Ws 

 Wm
 × 100       (2)  

Where Wt and Ws are the total and surface 

oil of the microcapsules and Wm is the mass (g) 
of the microcapsules. 

 

Characterization of microcapsules 
To observe the morphology of 

microcapsules by scanning electron microscope 

(Philips XL30, Poland), a sample was spread on 
one side of the double-sided adhesive tape and 
the other side was glued to a special metal plate. 
The microcapsules were covered in a vacuum 

chamber with gold atoms (Peng et al., 2014). 
The chemical structures of the 

microcapsules, Q10, gelatin and mucilage were 
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analyzed by infrared spectroscopy in the region 

from 4000 - 400 cm-1 by using a Fourier 
transform infrared (FTIR) spectrometer 
(JASCO FT/IR-680 PLUS, China). Samples 

were mixed with KBr in a ratio of 1:100 before 
analysis (Butstraen and Salaün, 2014). 

Thermal characteristics of the samples were 
determined using thermal analyzer (SPA 440, 

Germany). Samples were transferred to the 
aluminum pan and heated from 25 to 550 °C at 
a rate of 10 °C/min under nitrogen atmosphere 

(Rocha-Selmi et al., 2013). The OrginPro (2016 
64 Bit) software was used to plot the DSC 
curves.  

Milk was chosen as a food matrix to be 
enriched with Q10 loaded microcapsules. A 
0.750 g of microcapsules powder was added to 
750 ml milk. Ascorbic acid was used in order to 

avoid possible oxidation. For saponification, 50 
ml KOH 50% was added to 50 ml milk and the 
sample was kept at 80°C using water bath (WB 

22; Memmert GmbH & Co. KG, Schwabach, 
Germany) for 30 minutes with continuous 
agitation. The solution was transferred to a 

decanter and twice extracted with 100 ml 
hexane. The solvent of the transparent layer was 
evaporated using a rotary vacuum (Hei-VAP; 
Heidolph Instruments GmbH & Co. KG, 

Schwabach, Germany) at 50°C. Finally, a 
certain amount of n-hexane was added to the oil 
(Escriva et al., 2002; Zamarreño et al., 1992). 

A high-performance liquid chromatography 
(HPLC) system (Shimadzu, Japan) equipped 
with column (C18-ods) and UV detector (FPD-

6AV) was used to measure Q10. Detection of the 
CoQ10 was implemented at 275 nm. Methanol 
and n-hexane (72:28 v/v) were used as the 
mobile phase with a flow rate of 1 ml/min 

(Karpińska et al., 2006).  

 
Results and Discussion  

Encapsulation efficiency and load 

This is the first study to figure out the 
possibility of encapsulating coenzyme Q10 
using gelatin and basil seed mucilage as wall 

materials by complex coacervation. 
Microencapsulation by coacervation occurs by 
the phase separation of a homogeneous 

polymer solution into polymer-rich and 

polymer-poor phases (Silva et al., 2012). 
Gelatin has a high emulsifying activity and 

can ionize −𝑁𝐻3
+ and −𝐶𝑂𝑂_ in the aqueous 

solution (Yang et al., 2015). When oil was 
added to the aqueous solution of gelatin, oil in 
water emulsion was created. By adding an 

aqueous solution of basil seed mucilage and 
lowering the pH to below the isoelectric point 
of gelatin, gelatin became positively charged 

whereas basil seed mucilage, due to containing 
carboxyl groups, was negatively charged. Thus, 
coacervates were formed based on the 
complexation occurring from the mixture of 

solutions of substances with opposite charges 
(Yang et al., 2015). In order to develop 
coacervation more efficiently and to create the 

greatest possible interaction between the 
polymers, four formulation variables (gelatin 
percentage, mucilage percentage, oil phase 

percentage, and pH) that affect the complex 
coacervation were assessed.  

The values of encapsulation efficiency, 
encapsulation load, turbidity, and supernatant 

absorbance were given in Table 1. Analysis of 
variance indicated that the quadratic model with 
R2 =0.96 was adequate for predicting 

encapsulation efficiency (Table 2). The 
selected model was significant and gelatin 
concentration, mucilage concentration and oil 

content had significant effects on encapsulation 
efficiency (P<0.01). Coefficient estimate is a 
yardstick for comparing the effect of 
corresponding term in relation to other terms in 

the model (Saeidy et al., 2014). The highest 
effect on encapsulation efficiency was related 
to gelatin percentage because it had the 

maximum coefficient estimate (Table 2). 
Equation (3) represents experimental model for 
predicting encapsulation efficiency. The 

positive coefficients show the increasing and 
the negative ones show the decreasing effects 
of model terms on encapsulation efficiency. 
Therefore, mucilage percentage had an 

increasing effect and oil phase percentage had a 
decreasing effect on encapsulation efficiency. 
EE (%) = 

9.3370+9.0433A+42.61347B+37.07401C-
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47.82858D+1.93AB+1.13333AC+9.42375AD

+0.31556BC-0.1100BD-5.55833CD-
3.77616A2-25.35653B2-
5.06374C2+15.56792D2                                 (3) 

Where A, B, C and D are gelatin percentage, 

basil seed mucilage percentage, pH and oil 
phase percentage, respectively. 

 
Table 1- The average values of encapsulation efficiency, encapsulation load, turbidity and supernatant 

absorbance for designed RSM 
Supernatant 
absorbance 

Turbidity 
Encapsulation 

load (%) 
Encapsulation 
efficiency (%) 

pH 
Oil phase 

percentage 
Mucilage 

percentage 
Gelatin 

percentage Run 

0.388 0.95 14.02 84.12 4.2 0.6 1 2 1 
0.456 0.993 14.53 82.61 3.75 0.8 0.75 3 2 
0.269 0.951 18.28 81.11 3.3 0.8 0.75 2 3 
0.237 0.962 15.43 86.13 3.75 0.6 0.75 2 4 
0.349 0.906 12.12 87.91 3.75 0.4 0.5 2 5 
0.488 0.97 11.73 85.04 3.3 0.6 0.75 3 6 
0.362 0.925 17.65 78.34 4.2 0.8 0.75 2 7 
0.411 1.016 11.67 89.5 3.75 0.6 1 3 8 
0.24 0.965 15.47 86.37 3.75 0.6 0.75 2 9 
0.198 0.842 20.14 78.87 3.3 0.6 0.75 1 10 
0.217 0.976 10.96 93.13 3.75 0.4 1 2 11 
0.594 0.956 11.71 84.9 4.2 0.6 0.75 3 12 
0.172 0.88 16.03 86.15 3.75 0.4 0.75 1 13 
0.501 0.975 12.18 83.26 3.75 0.6 0.5 3 14 
0.231 0.964 15.4 85.98 3.75 0.6 0.75 2 15 
0.235 0.987 17.37 82.51 3.75 0.8 1 2 16 
0.272 0.831 19.58 76.69 4.2 0.6 0.75 1 17 
0.181 0.87 20.87 66.51 3.75 0.8 0.75 1 18 
0.361 0.933 18.74 77.31 3.75 0.8 0.5 2 19 
0.422 0.878 15.52 80.21 4.2 0.6 0.5 2 20 
0.432 0.983 9.13 94.71 3.75 0.4 0.75 3 21 
0.337 0.917 11.47 90.34 4.2 0.4 0.75 2 22 
0.242 0.956 14.3 85.8 3.3 0.6 1 2 23 
0.161 0.851 20.57 72 3.75 0.6 0.5 1 24 
0.212 0.901 17.61 76.31 3.75 0.6 1 1 25 
0.365 0.886 15.88 82.03 3.3 0.6 0.5 2 26 
0.245 0.959 15.31 85.47 3.75 0.6 0.75 2 27 
0.271 0.937 11.57 91.11 3.3 0.4 0.75 2 28 
0.249 0.96 15.25 85.13 3.75 0.6 0.75 2 29 

0.021 0.009 0.59 1.14 
Stan
dard 
error 

    

 
Wall to core ratio is an important factor in 

the final characteristics of the microcapsules 
(Hogan et al., 2001). Fig. 1 (A) shows the 

interaction of gelatin and mucilage 
concentrations on encapsulation efficiency. 
Increasing of wall materials led to enhance of 

encapsulation efficiency due to more available 
space for coenzyme Q10 to be entrapped. 
According to Fig. 1 (B), increasing of oil 

percentage from 0.4% to 0.8% resulted in a 

decrease in the encapsulation efficiency from 
90.23% to 80.36%, which could be due to the 
shortage of wall materials for oil entrapment. 

Xiao et al. (2015) encapsulated styralyl acetate 
(SA) using gelatin and gum Arabic with 
complex coacervation method. They indicated 

that when the amount of SA remained 1.0 g and 
wall concentration increased from 0.5 to 1.3 %, 
encapsulation efficiency enhanced from 23 to 

57 % (Xiao et al., 2015). 
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Fig. 1- Interaction of gelatin and mucilage concentrations (%) (A) and oil concentration (%) and pH (B) on 

encapsulation efficiency 

 
Quadratic model with R2=0.99 was 

appropriate to state encapsulation load (Table 
2). Among the four independent variables, only 
pH had no significant effect on encapsulation 

load (P<0.01). According to Table 2, oil phase 
percentage had the highest coefficient in 
relation to other terms in the model. 

EL (%) =8.51077-8.5565A-

2.71435B+3.69399C+34.82916D+2.45061AB

+0.29882AC+0.69747AD+0.16143BC-

1.01307BD-1.46298CD+0.38153A2-
3.47631B2-0.51904C2-12.42667D2                                                                    
(4) 

Where A, B, C and D are gelatin percentage, 
basil seed mucilage percentage, pH and oil 
phase percentage, respectively. 

 
 

 
 
 

 

A 

B 
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Table 2- Model parameters for the quadratic equation for prediction of encapsulation efficiency, encapsulation 

load, turbidity and supernatant absorbance 

 
Source 

Encapsulation 

efficiency (R2=0.96 ) 

Encapsulation load 

(R2=0.99) 
Turbidity (R2=0.99) 

Supernatant 

absorbance (R2=0.97) 
Coefficient 

estimate 
P 

Coefficient 
estimate 

P 
Coefficient 

estimate 
P 

Coefficient 
estimate 

P 

Model 85.82 < 0.0001 15.37 <0. 0001 0.96 < 0.0001 0.24 < 0.0001 
A 5.29 < 0.0001 -3.65 < 0.0001 0.06 < 0.0001 0.14 <0.0001 
B 2.39 0.0002 -0.76 < 0.0001 0.03 < 0.0001 -0.038 0.0002 
C -0.78 0.1253 -0.16 0.2366 0 0.0193 0.045 < 0.0001 
D -6.25 < 0.0001 3.01 < 0.0001 0 0.0973 0 0.3635 

AB 0.48 0.5702 0.61 0.0167 0 0.6154 -0.035 0.0184 
AC 0.51 0.5487 0.13 0.5607 0 0.9309 0 0.5546 
AD 1.88 0.0394 0.14 0.5463 0 0.3045 0 0.7807 
BC 0.036 0.9665 0.018 0.9370 0 0.9284 0.022 0.1144 
BD 0 0.9948 -0.051 0.8256 0 0.4156 0 0.9112 
CD -0.5 0.5562 -0.13 0.5687 0 0.7534 0 0.6175 
A2 -3.78 < 0.0001 0.38 0.0492 -0.025 <0.0001 0.061 <0.0001 
B2 -1.58 0.029 -0.22 0.2403 0 0.0736 0.034 0.0057 
C2 -1.03 0.1379 -0.11 0.5624 -0.034 < 0.0001 0.077 < 0.0001 
D2 0.62 0.3555 -0.5 0.014 0 0.6294 0 0.5692 

 

Fig. 2 (A) showed that in the constant 
concentration of oil, encapsulation load 
decreased from 19.09% to 13.21 % as wall 

materials concentration increased. 
Encapsulation load is the ratio of loaded CoQ10 
to the weight of the final microcapsule; thus, the 

low EL can be ascribed to the thick wall of the 
capsules formed. By increasing the oil content, 
encapsulation load increased from 12.78% to 
17.02 % due to the fact that wall materials were 

able to encapsulate more amount of oil (Fig. 2 
(B). The result was similar from what was 
reported by Ahmadi et al. (2015) who applied 

β-Lactoglobulin/Arabic Gum complex 
coacervation. When the encapsulation load is 
low, the microcapsules have a larger wall 

thickness which ensures better protection of 
their core against environmental factors. 
However, high loading lead to placement of the 
core near the surface of the wall which results 

in a faster release to the surrounding 
environment (Calderón-Oliver et al., 2017). 

 
Turbidity and supernatant absorbance  

Turbidity and supernatant absorbance are 
reliable parameters to be taken into account 
when optimizing the complex coacervation 

process (Chang et al., 2016). Quadratic model 
with R2=0.99 was suggested to explain 

turbidity (Table 2). Gelatin percentage and 
mucilage percentage had significant effects on 
turbidity (P<0.01). Equation (5) shows 

descriptive model for turbidity. 

Turbidity = -
1.81075+0.15696A+0.34321B+1.25882C+0.1
5102D-0.0096899AB-0.000925271AC 
+0.025128AD+ 0.00383722BC-0.079112BD-

0.016786CD-0.025398A2-0.11457B2-
0.16877C2-0.045673D2                             (5) 

Where A, B, C and D are gelatin percentage, 
basil seed mucilage percentage, pH and oil 

phase percentage, respectively. 
Turbidimetric assay enables visual 

evaluation of the behavior of polymers during 

complexation and simplifies the verification of 
complex formation (Prata and Grosso, 2015). 
The higher turbidity is desirable since it shows 
that more electrostatic complexes are formed. 

Fig. 3 (A) demonstrated that by decreasing the 
pH from 4.2 to 3.75, the turbidity increased that 
indicating the formation of dense 

microcapsules. A further decrease in the pH 
from about 3.75 to 3.3 led to lower turbidity that 
representing the low number of electrostatic 

complexes. The ionization degree of active 
groups dependents on solution’s pH and in an 
effective pH, opposite charges are available 
which causes to their interaction (Jun-xia et al., 
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2011). Similar results have been reported by 

Wang et al. for microencapsulation of tuna oil 

in gelatin- sodium hexametaphosphate using 

complex coacervation (Wang et al., 2014). 
 

 

 
Fig. 2- Interaction of gelatin and mucilage concentrations (%) (A) and oil concentration (%) and pH (B) on 

encapsulation load 

 

 
 

B 
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Fig. 3- Effect of pH on turbidity (A) and supernatant absorption (B) of solution 

 

Analysis of variance indicated that the 
quadratic model with R2 =0.97 was suitable to 
predict supernatant absorbance (Table 2). 

Gelatin percentage, mucilage percentage and 

pH had significant effects on supernatant 
absorbance (P<0.01). Equation (6) shows 
selected model for supernatant absorbance: 

A 

B 
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Supernatant absorbance =6.29203-

0.073867A-1.44020B-2.97296C-0.48692D-
0.14100AB+0.017778AC+0.018750 
AD+0.19778BC+0.03BD+0.075CD+0.060550

A2+0.54080B2+0.37926C2+0.15125D2         (6)   
where A, B, C and D are gelatin percentage, 

basil seed mucilage percentage, pH and oil 
phase percentage, respectively. 

Lower the absorption is desirable since it 
represents that higher solid materials are in 
coacervate phase. Fig. 3 (B) demonstrated the 

effect of pH on supernatant absorption and 
indicated that by decreasing pH to 3.75, the 
absorption of the supernatant phase decreased, 

which showed more wall materials interacted 
and formed coacervate. A further decrease in 
pH range from about 3.75 to 3.3 led to higher 
absorption of the supernatant phase, indicating 

the low number of complexes in coacervate 
phase. The complex coacervation is 
significantly affected by pH of the solution. 

Jun-xia et al. (2011) used soy protein isolate 
and gum Arabic to encapsulate orange oil and 
reported that pH 4 is the electrical equivalence 

point. The charge densities of the two 
biopolymers were in stoichiometric equilibrium 
at pH 4 and therefore pH 4 had the highest 
coacervate yield.  

 

Response surface optimization 
The optimal formula was selected using the 

Design Expert software based on the highest 
percentage of encapsulation efficiency, 
encapsulation load, turbidity and lowest 
supernatant absorbance. The optimal formula 

with gelatin concentration of 2.02%, mucilage 
concentration of 0.91%, oil phase concentration 
of 0.71% and pH of 3.61 had encapsulation 

efficiency, encapsulation load, turbidity and 
supernatant absorbance of 83.69%, 16.32%, 
0.979 and 0.227, respectively. Minor 

differences were observed between RSM data 
and our laboratory data. The optimum sample 
was selected to investigate the morphology, 
chemical structure and thermal behavior of 

microcapsules. 
 
 

Characterization of microcapsules 

Fig. 4 (A) shows a microscopic image of the 
Q10 loaded in the microcapsules after drying. 
The microcapsules were generally spherical 

and had rugged surfaces. These microcapsules 
stuck to each other because of the interaction of 
free oil and wall materials on the surface of the 
particles, which had not participated in complex 

coacervation process. The same result was 
reported by Yari et al. (2016). The presence of 
holes in the surface might due to the use of 

freeze dryer to dry the microcapsules. The 
removal of ice particles by sublimation leads to 
open holes (Fonte et al., 2012).  

Fig. 4 (B) shows the IR spectra of gelatin, 

basil seed mucilage, sunflower oil, COQ10 and 
microcapsules. The IR spectrum of gelatin had 
a strong band at 3423 cm-1, which was related 

to the N-H stretching vibrations. Weak peaks at 
2921 cm-1 and 1450 cm-1 were attributed to the 
stretching and bending vibrations of C-H, 

respectively. Also, weak peaks at 1240 cm-1 and 
1079 cm-1 were attributed to the C-N bending 
vibrations. The strong peak at 1638 cm-1 was 
related to the stretching vibrations of the 

carbonyl group (C=O) of amide I. The peak at 
1546 cm-1 indicated the bending mods of N-H 
bond of amid II. The peak at 1202 cm-1 was 

attributed to the vibrations of N-H and C-N 
groups of amide III (Duhoranimana et al., 
2017). 

The IR spectrum of mucilage, showed 
different peaks at 3419 cm-1, 2919 cm-1, 1603 
cm-1, 1416 cm-1 and 1046 were assigned to OH, 
CH2, C-OO asymmetric stretching, C-OO 

symmetric stretching and C-O-C stretching, 
respectively (Naji-Tabasi et al., 2016). 

In the spectrum of sunflower oil, peaks at 

2924 cm-1, 2854 cm-1, 1747 cm-1 1654 و cm-1 

were attributed to the -CH asymmetric 

stretching, -CH symmetric stretching, -CO 
stretching vibrations and -C-C- stretching 
vibrations, respectively. The peak at 1163 cm-1 

was assigned to the stretching and bending 

vibrations of -C-O and CH2. Band at 723 cm-1 
reflected the bending vibrations of -HC-CH- 
and - (CH2) n-. The peak at 3471 cm-1 presented 

the overtone of -C-O ester. The -C-H stretching 
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vibrations at 3008 cm-1 and the bending 

vibrations of -C-H at 1463 cm-1 were other 
major peaks of the sunflower oil spectrum 
(Hamed and Allam, 2006). 

In the spectrum of CoQ10, the peaks at 2950 
cm-1, 2843 cm-1 and 1605 cm-1 were assigned to 
the stretching vibrations of =CH, -CH3 and 
carbonyl (-C=O), respectively. The stretching 

vibrations of the methoxy group at 1382 cm-1 
and the ether group at 1266 cm-1 were other 
peaks of the CoQ10 spectrum (Akhter et al., 

2014). 
The peaks of the microcapsule spectrum 

showed the main peaks of ingredients. While, 

peaks at 1546 cm-1 of gelatin spectrum and 

1416 cm-1 of the basil mucilage spectrum were 
not detectable. A new peak appeared at 1490 
cm-1, indicating the formation of ionic 

interaction between the negative carboxyl 
group of the mucilage and the protonated amine 
group of gelatin. Presence of coenzyme Q10 
bands was a reason supporting encapsulation of 

coenzyme Q10 by mucilage-gelatin 
microparticles. The sametrend was reported by 
Kavousi et al. (2017) for encapsulation of fish 

oil in hydrogels of cress seed mucilage and 
chitosan (Kavousi et al., 2017). 
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Fig. 4- SEM image of Q10 loaded microcapsules (A), FTIR spectra (B) and DSC curves (C) of ingredients and 

produced microcapsules 
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Fig. 4 (C) shows DSC curves of gelatin, 
mucilage, CoQ10, and microcapsule. The glass 
transition (Tg) of gelatin was at 70°C. The 

peaks at 110 and 280°C represented melting 
point and decomposition of gelatin (Li et al., 
2006; Rahman et al., 2010). The endothermic 
peaks at 47°C and 90°C represent glass 

transition temperature and water evaporation in 
basil mucilage, respectively (Khazaei et al., 
2014). The melting point of CoQ10 at 50°C 

indicated its crystalline nature (Swarnakar et 
al., 2011). For the thermogram of Q10 loaded 
microcapsule, melting point was not observed 

at 50 °C due to its solubility in the oil phase and 
appropriate entrapment (Gokce et al., 2012). 
The mucilage melting points and the glass 
transition point of gelatin were observed in the 

microcapsule’s thermal curve. The peak at 350 
°C could be attributed to the microcapsule 
decomposition temperature. The microcapsule 

had the higher thermal resistance in comparison 
to other ingredients due to interaction of wall 
materials. Kavousi et al. (2017) studied 

microencapsulation of fish oil in hydrogels of 
cress seed mucilage (CSM) and chitosan (CS) 
and reported that the thermal resistance of 
CSM/CS hydrogel loaded with fish oil was 

significantly higher than CSM and CS (Kavousi 
et al., 2017). 

Liposoluble vitamins in milk were taken up 

during the hexane-extraction process. CoQ10 
shows its characteristic maxima of UV 
absorption at 275 nm. This analytical 

wavelength was selected for the HPLC-UV 
detection to enhance the selectivity and 
sensitivity of analysis (Karpińska et al., 2006). 
In order to study the release of CoQ10 from 

microcapsules in milk, its amount was analyzed 
during storage at 4°C. About 4.2% and 12.4% 
of total added CoQ10 released in milk for the 1st 

and 5th days of storage, respectively. The 
release rate of CoQ10 from microcapsules was 
high at the beginning of storage because of 

CoQ10 distributed on the surface or surface 
layer which was easier to release. The first 
release followed with slower release because of 
CoQ10 in microcapsule mainly released through 

the microcapsules wall by swelling and 
diffusion. Jain et al. (2015) studied release of β-
Carotene from whey protein isolates/gum 

acacia complex and reported the same issue 
(Jain et al., 2015).  

 

Conclusion   
A new set of wall materials was applied to 

prepare microcapsules. Basil seed mucilage, an 
anionic polysaccharide was able to build 

complex and form coacervates with gelatin via 
electrostatic interaction under specific 
conditions. The efficiency of encapsulation 

increased as the higher wall materials were used 
under conditions where the core material in the 
system was kept constant. The optimal formula 
with gelatin concentration of 2.02%, mucilage 

concentration of 0.91%, oil phase concentration 
of 0.71% and pH of 3.61 was determined. The 
microcapsules were generally spherical and had 

rugged surfaces. FTIR spectra revealed that 
ionic interactions occurred between functional 
groups of gelatin and basil seed mucilage. The 

thermal stability of coacervate showed that 
basil seed mucilage- gelatin coacervate will be 
appropriate to be used for encapsulation of 
thermally sensitive materials. The results of this 

study indicated that the produced 
microcapsules can be used to encapsulate and 
control the release of bioactive ingredients. 

Further studies should be performed toward the 
stability of microcapsules in different food 
media and their large scale production. 
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 چکیده
 10Q میمانند کوآنز یمغذ باتیترک یتقاضا برا شیمنجر به افزا ریاخ یهامزمن در سال یهایماریب وعیش شیدر مورد سلامت انسان و افزا یجهان ینگران

فعال در برابر  ستیاز مواد ز کهاست  یفناور ونیکند. کپسولاسیاستفاده از آن را در غذا محدود م 10Q میدوست کوآنز یبه گرما و خواص چرب تیشده است. حساس
توسط  مرکب ونیبا استفاده از کواسرواس 10Q میکوآنز یسازمطالعه کپسوله نیدهد. هدف از امی شیرا افزا دیکند و عمر مفیمحافظت م نامناسب یطیمح طیشرا
چهار  نهیسطح به نییتع ید شده بود. روش سطح پاسخ برایتول یهاکروکپسولیم ییایمیو ش یحرارت ،یکیزیو مشخص کردن خواص ف حانیر-نیدانه ژلات لاژیموس
راندمان  یدارا نهیبه یهاکروکپسولیاستفاده شد. م ییرو عیو کدورت و حداقل جذب ما یبارگذار تیظرف ون،یحداکثر راندمان کپسولاس یبرا ونیفرمولاس ریمتغ

 یسنجفیط ،یروبش یالکترون کروسکوپیبا م هاکروکپسولیبودند. م 227/0 ییور عیو جذب ما 979/0، کدورت %32/16 ظرفیت بارگذاری، %69/83 ونیکپسولاس
 یبارگذار کروکپسولیکرد. ترموگرام نقطه ذوب م دییها را تاکواسروات لیتشک  FTIRجیشدند. نتا یابیارز یتفاضل یروبش یسنجیو کالر هیفور لیفروسرخ تبد

 10Q رهایشمشاهده نشد. رفتار  حین کپسولاسیون مناسب به تله افتادنآن در فاز روغن و  تیحلال لیل( به دسلسیوسدرجه  50در نقطه ذوب آن ) 10Q شده

 یهاکروکپسولینشان داد که م جنتای و گرفت قرار استفاده مورد ریش سازیغنی یبرا 10Qهای . ریزپوشینهقرار گرفت یمورد بررس یاضیمختلف ر یهاتوسط مدل
 .استفاده کرد زیآبگر باتیمحافظت از ترک یبرا توانیرا م افتهیتوسعه  دراتیکربوه-نیپروتئ
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Abstract 
Collagen has diverse general and biomedical applications and its important role in the future of society have made it 

a key biopolymer for human health and well-being. Therefore, the present study was conducted with the objectives of 
extracting collagen from the skin of farmed carp, determining the quality characteristics of collagen, and comparing them. 
Collagen was extracted from the skin of carp fishes by acidic enzymatic method using 0.5 M acetic acid and pepsin in 48 
hours. Collagen treatments (5 treatments) included collagen prepared from the skin of common species, grass carp, 
bighead, silver, and cow (control). Collagen treatments were not capable of hemolysis and did not show toxic effects on 
human fibroblast cells. Heavy metals (0.01-0.18 ppm) in collagen extracted from cultured carp species were within the 
standard range. The color (brightness) of experimental collagen (92.74-93.68) and control (92.38) showed no significant 
difference (p>0.05). Amino acids cysteine and tryptophan were not observed in collagen. Glycine and hydroxylysine 
amino acids (352 and 3 residues 1000g-1, respectively) had the highest and lowest amounts in collagen. Amino acids 
profile and collagen production efficiency (10.51-10.59%) did not show significant differences in carp fish species 
(p>0.05). Based on the results of the present study, production efficiency, safety and quality characteristics of collagen in 
cultured carp species did not show any significant difference (p>0.05), and no significant difference was observed 
between these characteristics and the control (p>0.05). Therefore, the skin of these species can be used to produce collagen 
and introduce it to the industry as a substitute for mammalian collagen. 

 
Keywords: Acid hydrolysis, Cultured carp, Collagen, Pepsin enzyme, Safety 

 

Introduction1 

The oceans are home to billions of plants, 

animals, and microorganisms, which are a huge 

source of natural compounds.  The discovery of 

the ocean as an abundant source of biological 
compounds has a progressive effect on the 
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derived from the kola Greek word, which 
means glue and the French term collagen was 

initially described as a component of 
connective tissue that provides gelatin during 

cooking (Carvalho et al., 2018). Also, collagen 
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is defined according to the connection with 

specific groups, which are defined based on the 
complexity and structural diversity, the 
presence of non-helical parts, the functions, and 

the ability to connect the supramolecular 

structures that are assigned to them. About a 

quarter of the total protein in mammals is 
collagen, which is the most abundant protein in 
the body and a key component of connective 

tissue. Type 1 collagen constitutes 90% of the 

collagen in the human body, and accounts for 
approximately 25-35% of the total protein in 

the fish body (Song et al., 2019). Marine 

collagen is obtained from skin, cartilage, bone, 

and fish scales. Collagen comprises 50-70% of 
cartilage and skin and 80-90% of tendons and 

bones without minerals. In addition, it is 

possible to produce it from marine vertebrate 

and invertebrate sources. Marine collagens have 

attracted much attention during the past decade, 
and the search for exploitation of marine 
collagen has increased since 2014 (Xu et al., 

2021). 
Collagen has a wide range of applications 

and is widely used in cosmetic and hygiene 

industries, ophthalmology (corneal filling), 
pharmaceutical, medicine (wound healing, 
biomedicine, preparation of medical supplies 
and regenerative medicine, orthopedics, 

surgery to make artificial skin and treatment of 
severe burns), prolotherapy as a strengthening 
of loose ligaments, blood coagulant cotton 

textiles, injected for the treatment of soft tissue 
abscess, absorbable wound dressing, (a barrier 
to prevent epithelial migration, helps cells to 

regenerate the damaged area and to build 
ligaments and tendons), dentistry (dental bone 
fillers, implants, making a permeable 
membrane for rebuilding the soft tissue around 

the periodontal gum (gum disease) and dressing 
pulled teeth), beauty (face mask, etc), 
biotechnology, tissue repair, cell migration 

(necessary for tissue maintenance), tissue 
engineering (biopolymer) and food (production 
of functional products). Collagen also plays 
important roles in cellular processes, including 

immune response and cell communication 

(Mullen et al., 2019; Govindharaj et al., 2019; 

Raman et al., 2018).  
The molecular weight of collagen is 300 

kilodaltons, whose length, width, and thickness 

are 300 nm, and the total number of amino acids 

in this molecule is about 3000 units.  Collagen 

is the most abundant structural protein in 

animals. About 28–30 types of collagen are 

known, all of which are composed of three α-

helices (tropocollagen) that, once secreted into 
the extracellular environment, can assemble 
into their final supermolecular organization 

(Cumming et al., 2019). Collagen molecules are 

naturally composed of three long helical chains 

of amino acid residues with non-helical ends at 
both ends and make different collagen 

structures. The basic structure of collagen 

consists of amino acids, mainly glycine (33%), 
proline, and hydroxyproline (22%). The 
secondary structure consists of amino acid 

chains that are connected in a spiral with three 
amino acids. They twist around each other and 

form a strong third structure. The basic structure 

of collagen is the quaternary structure related to 

the superhelix. The variety of collagen types is 

also due to the difference in the expression of 
genes involved in protein biosynthesis. In 
addition, post-translational modifications of 

collagens also have a significant effect on 
collagen diversity (Lupu et al., 2019; Lin et al., 

2019). Differentiating the nature of collagen is 

determined by the presence of different chains, 
isoforms, and molecular structures of each type 

of collagen. At least 46 unique polypeptide 

chains have been found in collagen from 

different animals. Collagen chains are usually 
composed of the repeating motif Gly-X-Y, 
where Gly is the amino acid glycine, while X 
and Y are the amino acids proline and 4-

hydroxyproline, respectively (Wu et al., 2019). 
This motif is distinct from other extracellular 

matrix components. The chains of different 

types of collagens differ in composition, 

depending on the number of repeats and the 
length of the fragment containing the Gly-X-Y 
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motif, and the amino acid residues present at the 

X and Y positions (Sousa et al., 2020). 
The qualitative characteristics of collagen 

obtained from marine sources compared to 

collagen obtained from cow and pig sources 
include the same composition of amino acids of 
higher heat resistance, non-transmission of 
zoonotic diseases such as spongiform 

encephalopathy, being made of smaller peptide 
units compared to other collagens, easy 
digestion, absorption and distribution in the 

human body, having a large amount of amino 
acids lysine, glycine, proline and 
hydroxyproline, the essential role of lysine in 

the production of this protein, high 
biocompatibility, solubility in water, 
antimicrobial properties, preventing the 
penetration of microorganisms into wounded 

and damaged tissue, skin enlightenment and 
moisturizing, high tensile strength, high and 
adjustable mechanical properties, resistance to 

acid treatments, natural, non-allergenic, very 
high capacity to maintain the moisture of the 
skin, does not irritate the human skin, suitable 

for skin applications, repeatability of its effects, 
anti-aging and wrinkles of the skin of the face 
and around the eyes, non-toxicity and 
biodegradability (Chinh et al., 2019; Sukhikh et 

al., 2021). Therefore, the present study was 
conducted with the objectives of extracting 
collagen from the skin of farmed carp, 

determining the quality characteristics of 
collagen based on the hydrolysis time, and 
comparing them. 

 

Materials and Methods 
The waste materials needed for the 

preparation of collagen were obtained from the 

model aquatic market located in Rasht. The 

sample was transferred to the laboratory using 

Unilith-containing ice at a ratio of 2 times the 

weight of the skin. All extraction steps were 

performed at 0-4 0C. The fish skin was washed 
with cold water and divided into small pieces of 

0.5 x 0.5 cm. For pretreatment, 0.1 m sodium 

hydroxide was used, which is the ratio of 
sample to alkali in the ratio of 1 to 10 

(volume/weight). The mixture was 

continuously stirred for 6 hours. The alkaline 

solution was changed every two hours.   Then, 

the alkali-treated skin was washed with cold 

water until a neutral pH. The treated skin was 

placed in 10% butyl alcohol, where the ratio of 

solid to solvent was 1:10, for 18 hours. The 

solvent was changed every 6 hours. The 

defatted skin was washed with cold water 

before lyophilization until a neutral pH. 
Collagen was extracted from the skin of 
cultured carp fishes by an acid-enzymatic 
method based on the method of Wei et al. 

(2019). To extract collagen, the lyophilized 
skin was placed in 0.5 M acetic acid, which has 
a 1:10 ratio of sample to solvent and contains 

pepsin (10 g per 100 g of lyophilized skin), for 

48 hours.  Five treatments were considered for 

this study. The treatments include collagen 

prepared from species of carp including grass 

carp, bighead, common and silver carp.  Bovine 

collagen (imported) was used as a control 

treatment.   The treatments were carried out in 3 

repetitions.  The quality of collagen treatments 

obtained through colorimetric tests using 
Hunter Lab (Gilbert, 2014), blood hemolysis by 
culture on blood agar medium (Momtahan et 

al., 2016), investigation of toxicity through 
culture on human fibroblasts cells 
(Chotphruethipong et al., 2022), amino acids 
profile using HPLC (Iranian National Standard 

No. 10699. 2015) and the heavy metals 
including arsenic, lead, cadmium, mercury, 
bismuth, antimony, tin, molybdenum, copper, 

chromium, cobalt and nickel were evaluated by 
acid chemical digestion method (Iranian 
National Standard No. 12014. 1999; AOAC, 

2000). Collagen production efficiency was also 

determined by the hydroxyproline calculation 
method (Qiu et al., 2014). The culture media 

and required chemicals were obtained from 
Merck. 
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Cell culture 

Human dermal fibroblast cells were cultured 
in T-75 flasks using Dulbecco's complete 
modified Eagle's medium (DMEM) containing 

10% fetal bovine serum (100 units/ml), 
penicillin, and streptomycin at 100 µg ml-1 and 

2 ml of L-glutamine. The cells were incubated 

in a humidified 5% carbon dioxide incubator 
(Binder Model C 170, Binder Inc, Bohemia, 

NY, USA) at a temperature of 37°C. Then they 

were cultured using a trypsin-EDTA solution of 

0.25% at a concentration of 80-90%. Cell 

proliferation assay of collagen at concentrations 
of 50, 100, 200, 400, and 800 µg ml-1 were 

tested for cytotoxicity on human skin fibroblast 

cells.  A culture medium without collagen was 

used as a control. These concentrations were 

tested using the MTT method. The result was 

reported as the percentage of cell proliferation 
compared to the control (Andini et al., 2020). 

 

MTT method (methyl thiazolyldiphenyl-

tetrazolium bromide) 
After removing the supernatant from the cell 

culture medium, 100 µl of MTT solution was 

added to the cultures and kept warm for 2 

hours.  The cells were dissolved using 200 µl of 

DMSO and 100 µl of the gel was then 

transferred to a 96-well plate. The color 

expansion was determined photometrically at 

540 nm. WEST-1 reagent was mixed in 5 ml of 

electrolyte solution and 10 µl of it was pipetted 
on the gels along with 90 µl of the culture 
medium (after removing the original culture 

medium). In the next step, it was incubated for 

2 hours. Then the cultures were agitated for 5 

minutes (100 rpm) and 100 µl of the 

supernatant was transferred to a 96-well plate. 
Photometric measurement was done at 450 nm. 
The initial cell density planted in collagen 

hydrogels on polyamide meshes was evaluated 

microscopically. The criterion for evaluating 

the best cell density was the smaller cell number 
and no empty cells (cell layer) between the 
mesh threads (ISO 10993-5). 

 

Amino acid profile 
Amino acids were measured by the 

electrospray ionization method.  In this way, 0.5 

g of the sample was acid hydrolyzed with 4 ml 
of hydrochloric acid solution for 24 hours at 

110°C. When the sample temperature reached 

24°C, it was centrifuged (Hettich Universal 
320, Germany) at 4000 rpm (power gram: 

3756/48) for 5 minutes. In the next step, 10 µl 

of the supernatant along with 1 ml of distilled 

water was transferred to the sample. Except for 

isoleucine and histidine, which included the 

standard leucine and 3-methylhistidine, stable 
isotope mixtures of each amino acid were 

considered as standards for calibration. After 

hydrolysis, calibration standards and samples 
were prepared by transferring 50 µl of the 
hydrolyzed or diluted standard to the sample. 

Then 50 µl of labeled stable isotope mixture as 
standard and 700 µl of non-centrifuged reagent 
were added to the sample for 5 seconds. Then, 

3 µl of the prepared sample was kept at 30 0C, 
for amino acid analysis, and was injected into 
the C18 column of HPLC (- HP 1100, 

Germany). Mobile phases at a flow rate of 0.7 

ml/min were used for separation through high-
pressure liquid chromatography,  and amino 

acids were determined at a wavelength of 254 
nm (Iranian National Standard No. 10699. 
2015). 

 

Determination of yield 
To determine the yield, the ratio of collagen 

hydroxyproline to hydroxyproline of raw skin 

was evaluated. The hydroxyproline content of 

extracted collagens was determined using a 

slightly modified version of the method 
described by Nalinanon et al. (2007). The 
samples were hydrolyzed with 6 M 

hydrochloric acid for 24 hours at 110° in an 
oven (Memmert U10, Schwabach, Germany). 
The hydrolyzate was clarified before filtering 
through Whatman No. 4 filter paper using 

activated carbon.  To reach a pH equal to 6- 6.5, 

the filtered liquid was neutralized with sodium 
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hydroxide 10 M and 1 M. The neutralized 

sample (0.1 ml) was transferred to a test tube 
and isopropanol (0.2 ml) was added and mixed 

thoroughly.To the mixture 0.1 ml of an oxidant 

solution (a mixture of 7% (w/v) chloroamine T 

(w/v) and acetate/citrate buffer, pH 6, at a ratio 
of 1:4 (v/v)) was added and mixed thoroughly 
Subsequently, 1.3 ml of Ehrlich's reagent 
(mixture of solution A and B) was added and 

mixed thoroughly. The mixture was stirred and 

heated  in a water bath (Memmert GmbH, 

Schwabach, Germany) at 60°C for 25 min 

before cooling with running water for 2-3 min. 
The solution was diluted to 5 ml with 
isopropanol. The absorbance was measured At 

a wavelength of 558 nm. Also, the standard 

curve of hydroxyproline with different 

concentrations from 10-60 ppm was prepared. 
Hydroxyproline content was expressed as mg g-1 

of the sample (Qiu et al., 2014). Distilled water 
was used as a blank. 

 

Determination of heavy metals 
The acid chemical digestion determined the 

amounts of heavy metals arsenic, lead, 
cadmium, mercury, bismuth, antimony, tin, 

molybdenum, copper, chromium, cobalt, and 
nickel. To the ash (20 g) was added 50  ml of 6 
M hydrochloric acid. To evaporate the acid the 

flask was placed in a water bath. Then 30 ml of 
0.1 M nitric acid was added to this. Croze was 
placed in a water bath for 15 minutes. After this 

step, the container containing the sample was 
covered with aluminum foil and was placed in 
the environment temperature for 2 hours. Then, 
the contents of the flask were mixed using a 

glass rod. The cooled sample was filtered. The 
sample was transferred to a flask and filled with 
deionized 2 times distilled water. It was shaken 

to homogenize. Then, an optical atomic 
absorption spectrometer with a graphite furnace 
(Japan/ZA3700) was used to measure the light 

absorption of heavy metals (Wavelength of 
390-410 nm) based on the calibration curve. 
The measuring range of the device for heavy 
metals is 0.15-1-30 ppm and the recycling 

percentage is 80-107 percent. The limit of 

Quantitation values is 0.02-0.01 mg kg-1 
(Iranian National Standard No. 12014. 1999; 
AOAC, 2000). 

 

Colorimetry (amount of color substance) 
The color of the samples was determined by 

the Hunterlab device (color flex model USA). 
Color intensity was expressed using Hunter's 
parameters in terms of brightness (L), red-green 

(a), and blue-yellow (b) (Gilbert, 2014). 
 

Blood hemolysis 

A suspension was prepared from collagen in 
concentrations of 50, 100, 200, 400, and 800 µg 

ml-1 in distilled water. Wells were created on 

the blood agar culture medium.   0.5 ml of 

collagen solution was poured into the well. The 

plate was incubated at 37°C for 48 hours. The 

formation of a clear halo around the well-
containing collagen indicates hemolysis and a 
positive test. 

 

Statistic analysis 
In the present study, the obtained results 

were analyzed using SPSS version 25 software. 
The results were analyzed at a significant level 

of 95%. One-way analysis of variance was used 

to compare the results of color and heavy metal 
tests between experimental and control 

treatments at a significant level of 5%. The 

results were expressed as mean with standard 

deviation. 
 

Results and Discussion 
As shown in Table 1, the amount of heavy 

metals in the treatments of collagen extracted 
from different species of carp showed no 

significant difference (p>0.05). The amount of 

heavy metals in the collagen of cultured carp 
was within the acceptable range according to 

the Food and Drug Administration. Although 

the proximity of fish breeding ponds to areas 
with a lot of agricultural activity or rural 

residential areas, the infiltration of agricultural 
effluents containing chemical fertilizers used in 



38     Iranian Food Science and Technology Research Journal Vol. 19, No. 3, 2023 

agriculture and rice paddies, including 

phosphate fertilizers containing cadmium, into 
underground water and the entry of untreated 
rural sewage into the underground water, they 

cause an increase in the concentration of heavy 

metals in water and subsequently in fish. 

 
Table 1- The results of heavy metals in collagen extracted from the skin of cultured and control carp (ppm) 

 
Treatment 
Index   

 Bighead 
collagen  

Common carp 
collagen 

Grass carp 
collagen 

Silver Carp 
collagen  

Control 
FDA limit 

(ppm) 

Arsenic    0.07 A 0.09 A 0.21 A 0.2 A 0.06 A 3 

Lead  0.02A 0.11 A 0.08 A 0.06 A 0.01 A 10 

  Cadmium  0.05 A 0.01 A 0.02 A 0.19 A 0.02 A 0.5 

 Mercury 0.12 A 0.20 A 0.05 A 0.10 A 0.05 A 1 

Bismuth 0.13 A 0.02 A 0.09 A 0.02 A 0.07 A Not determined 

Antimony 0.12 A 0.02 A 0.07 A 0.04 A 0.05 A Not determined 

Tin  0.05 A 0.05 A 0.01 A 0.02 A 0.15 A Not determined 

Molybdenum  0.01 A 0.06 A 0.01 A 0.13 A 0.18 A Not determined 

Copper  0.07 A 0.02 A 0.11A 0.15 A 0.16 A Not determined 

Chrome  0.05 A 0.08 A 0.14 A 0.21 A 0.14 A 50 

Cobalt  0.04 A 0.03 A 0.17 A 0.19 A 0.12 A 5 

Nickel  0.09 A 0.01 A 0.02 A 0.18 A 0.13 A 0.2 

 

Dissimilar uppercase letters in a row indicate a significant difference at the 5% level (p<0.05). 
 

However, much data showed that 
environmental conditions are effective in the 
absorption and accumulation of heavy metals 

by fish. Heavy metals exist in surface waters in 

colloidal, particulate, and dissolved forms, 

whose behavior in natural waters depends on 
water chemistry such as pH, hardness, 
temperature, and other factors. During transport 
in water, these metals undergo many changes, 

such as dissolution, river flow, metal 
concentration and oxidation potential and 
regeneration of the river environment, 

sedimentation, surface absorption, and complex 
formation with water or soil compounds, which 
affect their behavior and bioavailability. In 

addition, the skin of farmed carp contains a lot 
of mucous material and prevents the binding of 
metals to the fish skin (Seifzadeh et al., 2018). 
Carvalho et al. (2018) reported the levels of 

mercury, lead, cadmium, and arsenic in the 
collagen extracted from cod fish skin were in 
the acceptable range.  These researchers stated 

that the amount of lead, cadmium, mercury, and 
arsenic were less than 2.5 ppm, 0.25 ppm, 0.50 
ppm, and 0.35 ppm, respectively. Dervan and 

Gulay (2023) randomly purchased 25 samples 
of commercial fish collagen and measured the 

amount of zinc, lead, arsenic, cadmium, and 

mercury. They did not find lead, arsenic, and 

mercury in the samples. The amount of 

cadmium in the samples was between 0.152-

0.288 mg kg-1 and the amount of zinc was 

between 1.368-2673 mg kg-1. The results of 

these researchers were higher compared to the 
results obtained from the measurement of 
heavy metals in collagen (0.01-0.18 ppm) of the 

present study. This difference can be due to the 

pollution of the primary source used for 
collagen production (fish skin), which may 

originate from the pollution of the fish habitat 

with sewage. In addition, cadmium is a metal 

that occurs naturally in the earth's crust, which 
may be another reason for fish contamination. 

The collagen of the common, bighead, grass 

carp, and silver species and control did not 
show toxic effects on human fibroblast cells 
and did not cause proliferation of fibroblast 

cells (Table 2). Based on the obtained results, 

the collagen of the common, bighead, grass 
carp and silver species and control species did 

not have the ability of hemolysis. 
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Table 2- Examination of the toxicity (Cell Proliferation) of collagen extracted from the skin of cultured carp 

species and control samples 

Cell Proliferation  Index 
 

Treatment 
Concentration (µl)   

800 400 200 100 50 0 

0.11±0.19aA 0.01±0.13aA 0.02±0.15aA 0.16±0.18aA 0.09±0.13aA 0.07±0.12aA 
Common carp collagen 

 
0.09±0.23aA 0.02±0.16aA 0.01±0.14aA 0.21±0.10aA 0.02±0.11aA 0.06±0.17aA Grass carp collagen  

0.08±0.24aA 0.09±0.19aA 0.03±0.17aA 0.12±0.19aA 0.05±0.20aA 0.09±0.10aA 
Bighead collagen 

 
0.04±0.16aA 0.01±0.08aA 0.05±0.12aA 0.23±0.17aA 0.14±0.15aA 0.05±0.22aA Silver Carp collagen  
0.11±0.14aA 0.04±0.03aA 0.07±0.11aA 0.18±0.25aA 0.12±0.17aA 0.03±0.09aA Control  

 

The results are presented as mean ± standard deviation. 
Dissimilar uppercase letters in a row and dissimilar lowercase letters in a column indicate a significant difference at the 

5% level (p<0.05). 
 

Safety is one of the basic features that can be 

mentioned to check the quality of collagen. 
Since no toxic compounds are used during the 
various stages of carp breeding, and the 

compounds used to prepare collagen do not 
have toxic effects, therefore these features were 
not observed in collagen. Andini et al. (2020) 

investigated collagen prepared from the skin 
and scales of snakehead fish (Channidae) and 
did not observe toxicity effects. 
Chotphruethipong et al. (2022) investigated the 

toxic effects of salmon skin collagen on human 
fibroblast cells and did not determine the toxic 
effects. Ferreira et al. (2022) investigated the 

toxicity effects of collagen prepared from 
Guriguba (Hexanematichthys parkeri) 
swimming bladder on fibroblast cells and did 
not determine toxicity effects. Wang et al. 

(2020) evaluated the toxicity effects of collagen 
sponge on L929 cells of mouse fibroblast cells 
and observed that the sponge has no toxicity 

effects on the skin. Carvalho et al. (2018) 
investigated the toxic effects of collagen 
extracted from Codfish skin on MRC-5 lung 

fibroblast cells and reported the collagen to be 

safe for biological applications. Song et al. 

(2019) investigated the toxicity of collagen 
prepared from tilapia fish skin on mouse 
fibroblast L929 cells and human umbilical vein 

endothelial cells (HUVEC) and did not observe 

toxicity effects. The compatibility of biological 

materials in contact with blood is one of the 
most important criteria for their successful 

application  in the body. Hemolysis refers to the 

release of hemoglobin from red blood cells due 

to their rupture. A low rate of hemolysis 

indicates that fewer red blood cells have been 
destroyed, which indicates that the biological 

product (collagen) is a material with favorable 

blood compatibility. Therefore, blood lysis is 

considered a new method to evaluate the 
toxicity of biological compounds (Momtahan et 

al., 2016; Weber et al., 2018). In the present 

study, collagen does not cause blood hemolysis. 
Therefore, Marine collagen is a safe and 

generally well-tolerated supplement. Wang et 

al. (2020) used a sponge prepared using tilapia 
fish skin collagen to investigate human wounds 
and found that the collagen sponge does not 
have hemolytic properties, and can be used as a 

blood coagulant. Li et al. (2017) showed that 

hemostatic effects were improved in collagen 

enriched with oxidized microcrystalline 

cellulose. Considering that no toxicity effects 

were observed in the present study, the results 
of these researchers are consistent with the 
results of the present study. 
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Table 3- Colorimetric study of collagen extracted from the skin of cultured carp species and control samples 

Control   
Silver Carp 

collagen  
Grass carp 

collagen  

Common carp 

collagen 
Bighead 

collagen 
Treatment 

Index 

1.47±0.73 A 1.81±0.24 A 1.85±0.42 A 1.82±0.95 A 1.86±0.93 A 
 (bluish-

yellow)b  
 

1.52±0.84A  1.71±0.42 A 1.95±0.78 A  1.73±0.90 A 1.98±0.79 A 
(yellowish 

red)a  

 

92.38±0.71A  92.74±0.26A  93.66±0.78 A 92.76±0.98A  93.68±0.89A  
Light 

 
The results are presented as mean ± standard deviation. 

Dissimilar uppercase letters in a row indicate a significant difference at the 5% level (p<0.05). 
 

In terms of color, the quality of collagen can 
be measured. There are three values in the color 
scale including L (lightness), a (green-red), and 

b (blue-yellow), which were considered in the 

present study. As can be seen in Table 3, the 

transparency of collagen in the experimental 
treatments (92.74-93.68) and the control 
(92.38) did not show a significant difference 

(p>0.05). According to studies conducted by 

other researchers, there is a correlation between 
collagen microstructure and its transparency. 
Changes in collagen transparency indicate 
slight differences in the concentration of 

collagen compounds. Since the collagen was 

extracted from different types of carp fishes, 
and the concentration of amino acids detected 

in different collagen treatments did not differ 

significantly, hence the transparency did not 
show a significant difference in these 

treatments. Ramle et al. (2022) investigated the 

color characteristics of collagen prepared using 
acetic acid from the skin of Needlefish 

(Tylosurus acus melanotus) and reported L, a, 
and b as 69.77, 0.73, and 4.69 respectively. In 
the present study, the values of L, a, and b in 
carp skin collagen were determined as 92.74-

93.68, 1.71-1.98, and 1.81-1.86, respectively 

(Table 3). The characteristics of color in the 

present study were evaluated better compared 

to other studies. The difference in the results of 

this study with the results of the other studies 
may be due to differences in the extraction 
method, fish species, and genetic diversity.  

 
Table 4- Collagen production efficiency from the skin of farmed carp species and control samples% 

Grass carp Bighead Silver Carp Common carp Species  
10.51 A 10.57 A 10.56 A   10.59 A Efficiency  

Dissimilar letters in a row indicate the existence of a significant difference at the 5% level (p<0.05). 
 

As shown in Table 4, collagen yield did not 

show any significant difference between 

experimental treatments (p>0.05). 
Hydroxyproline is unique to collagen as an 
amino acid, and its amount is not high in other 

proteins. It was considered to check collagen 

efficiency (Silva et al., 2014). Ahmed et al. 

(2019) reported that collagen production 

efficiency from big eye tuna skin extracted with 
0.5 M acetic acid at 4 C° for 48 hours and a 

pepsin concentration of 0.2 g per gram of skin 

was 16.7%. They also expressed 13.5% 

collagen production efficiency from tuna skin 
extracted with 0.5M acetic acid at 4°C for 72 

hours. Tan et al. (2018) found the production 

efficiency of collagen from Catfish skin 
extracted with hydrochloric acid at 0.118 -23.6 

IU g-1 pepsin concentration and 4oC to be 
59.03%, and the yield of collagen production 
from Catfish skin extracted with hydrochloric 

acid at 4°C and 60 hours was found to be 5.00 - 
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42.36%. Junianto et al. (2018) found the 

extraction efficiency of collagen from Nilem 
fish skin extracted with 0.5, 0.7, and 0.9 M 

acetic acid in concentrations of 0.5, 1, and 1.5% 

pepsin and under 4°C 5.25-6.18%. Zhang et al. 

(2019) determined the production efficiency of 
collagen from golden pompano skin extracted 
with 0.5 M acetic acid at 4 °C and within 48 

hours 21.81%. Arumugam et al. (2018) 

expressed the production efficiency of collagen 
from sole fish skin using 0.5 M acetic acid at 

25°C and 32 hours 19.9%. Oslan et al. (2022) 

reported the yield of acid-soluble collagen from 

the skin of Purple-Spotted Bigeye Snapper to be 

5.79% and pepsin-soluble collagen to be 6.65%. 
In the present study, 48 hours were spent for 

collagen extraction, and the collagen extraction 
efficiency (10.51-10.59%) did not show any 
significant difference between different species 

of carp. Researchers have expressed the 

difference in the obtained results under the 
influence of various parameters such as 

temperature, stirring, time, solvent-to-solid 
ratio, and solvent concentration, which affect 
collagen extraction efficiency (Menezes et al., 

2020). 

 
Table 5- The profile of collagen amino acids extracted from the skin of farmed carp species (Residues 1000g-1) 

Grass carp 

collagen 
Bighead 

collagen 
Silver Carp 

collagen 
Common carp 

collagen 
Bighead 

collagen  
Samples  

Amino acids  
Non–essential amino acids  

43B 43B 43B 43B 45A Aspartic acid  
0B 0B 0B 0B 20A Tryptophan 
29B 29B 28B 28B 33A Serine  
74A 74A 74A 74A 75A Glutamic acid  
352A 352A 352A 352A 330B Glycine  

0B 0B 0B 0B 1.24A Cysteine  
52A 52A 52A 52A 50B Arginine  
125A 125A 125A 125A 121B Proline 
129A 129A 129A 129A 119B Alanine  

4A 4A 4A 4A 3A Tyrosine  
Essential amino acids  

20A 20A 20A 20A 21A Valine  
9B 9B 9B 9B 11A Isoleucine  
9A 9A 9A 9A 5B Histidine  

32A 32A 32A 32A 26B Lysine  
27A 27A 27A 27A 23B Leucine 
12A 12A 12A 12A 6B Methionine  
7A 7A 7A 7A 3B Phenylalanine  

20A 20A 20A 20A 18B Threonine  
78B 78B 78B 78B 94A Hydroxyproline  
3B 3B 3B 3B 7A Hydroxylysine  

193B 193B 193B 193B 215A Imino acids  
Dissimilar uppercase letters in a row indicate the existence of a significant difference at the 5% level (p<0.05). 

 

As can be seen in Table 5, the amino acids in 
the collagen extracted from the skin of farmed 

carp did not show any significant difference 

with each other (p>0.05). Tryptophan and 

cysteine were not observed in carp collagen. 
Amino acids glycine, alanine, proline, and 

hydroxyproline had the highest amounts. 
Hydroxylysine had the lowest amount. In 

general, collagen and proteins absorb a lot of 
ultraviolet rays due to peptide connections and 

side chains. Protein absorbs light at a 

wavelength of 280 nm in the best way. Also, 

amino acids such as histidine, tryptophan, 
phenylalanine, and tyrosine have absorption 

bands between 250 and 288 nm. While the 

collagen extracted from the skin has a lower 
absorption wavelength because the amino acids 
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glycine, proline, and hydroxyproline form the 

triple helix of collagen, the maximum 
absorption of which occurs at a wavelength of 

230 nm (Rosmawati et al., 2018). In the 

collagen samples of the present study, the 
maximum absorption peak was observed 

between 230 and 240 nm, which was influenced 
by the simultaneous use of acetic acid and 
pepsin in the extraction of collagen from fish 

skin. In addition, absorption values between 

200 and 220 nm were attributed to structural 
materials such as ester or carboxylic 

compounds. Fish collagen varies widely in 

amino acid composition. According to studies 

conducted by other researchers, the living 
environment has a strong effect on the 

composition of amino acids in collagen 
extracted from fish species (García-Sifuentes et 

al., 2016).  However, since the species under 

study were cultivated species of the same fish 

that were raised in similar water environments, 
therefore, the composition of collagen amino 
acids extracted from their skin did not show any 

difference. Data on the amino acid composition 

of pure collagen showed that collagen contains 

tryptophan, which is a rare amino acid in 

collagen extracted from carp fish scales. Since 

the skin of the fish contains scales, This amino 

acid along with cysteine should have been 
determined in the collagen amino acid profile, 

but because the pre-treatment stage and 
successive washes caused the scales to be 
separated from the skin, therefore these amino 

acids were not included in the collagen amino 
acid profile in the present study (Gauza 
Włodarczyk et al., 2017). Chinh et al. (2019) 

showed the amino acid sequence in the collagen 
obtained by acid method from freshwater carp 
scales as threonine (21), proline (110), glutamic 
acid (77), arginine (50), serine (38), alanine 

(117), glycine (306), aspartic acid (49), cysteine 
(32), histidine (6), lysine (26), leucine (24), 
phenylalanine (15), valine (19), identified 

isoleucine (12), methionine (12), tyrosine (21) 
and hydroxyproline (89) residues 1000g-1 in the 

collagen of carp scales. In the present study, 

cysteine was not observed, aspartic acid (43), 
glutamic acid (74), tyrosine (4), isoleucine (9), 

threonine (20), and hydroxyproline (78 residues 

per 1000g-1 were observed in smaller amounts. 
Hydroxylysine (3) and leucine (27) were also 

determined. Serine (28) and methionine (12) 

residues 1000g-1 were reported in the same 

amount in different treatments. Glycine (352), 
arginine (52), proline (125), alanine (129), 
valine (20), histidine (9), and lysine (32) 

residues 1000g-1 were observed in more 

quantity. Moses et al. (2018) analyzed the 

amino acid composition of tilapia collagen and 
showed that glutamic acid (11.96–15.14 g 
100g-1) and aspartic acid (7.69-9.427.69 g 100g-

1) are the most amino acids of collagen. In the 

present study, glycine and alanine accounted 
for the highest amounts of amino acids with 352 

and 129 residues 1000g-1, respectively. 
Carvalho et al. (2018) reported the amino acid 

sequence in collagen extracted from cod fish 
including alanine (91.48), arginine (30.45), 
aspartic acid (38.82), cysteine (1.28), glutamic 

acid (56.08), glycine (266.12), histidine (5/01), 
hydroxylysine (6.65), hydroxyproline (39.60), 
isoleucine (5.61), leucine (16.51), lysine 
(19.62), methionine (15.04), valine (12.02), 

tyrosine (2.25), threonine (16.89), serine 
(53.87), proline (62.69), phenylalanine (12.70), 

and n-isobutyl glycine (13.75) residues 1000g-1. 
In the results of this study compared to other 
studies isobutyl glycine and cysteine were 

observed in collagen. The amount of amino 

acids alanine, aspartic acid, glycine, 
hydroxyproline, isoleucine, leucine, lysine, 
valine, threonine, and proline were higher in 

collagen. However, the amount of amino acids 
arsenine, glutamic acid, histidine, 
hydroxylysine, methionine, tyrosine, serine, 

and phenylalanine was lower. The difference in 

the amino acid profile of the present study 

compared to the results of other studies can be 
might be due to the difference in the primary 
source of collagen production, species, tissue, 

and genetic diversity. Chuaychan et al. (2016) 
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reported that collagen extracted using acid and 

pepsin from spotted golden goatfish scales had 
a high glycine content (196 and 198 (residues 
1000g-1, respectively). In the present study, 

collagen had a high amount of glycine (352 
residues 1000g-1). The difference in the results 
of the present study with the aforementioned 
study was due to the use of a combination of 

acid and pepsin for collagen extraction. 
 

Conclusion 

The safety features and other quality features 
such as transparency and aggregation were not 
significantly different between carp species and 

were within the acceptable range. Also, the 

yield of collagen extraction did not show any 

significant difference between different species 

of carp. A time of 48 hours is suggested for 

extracting collagen from cultured carp and 

replacing it with mammalian collagen. 
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 سرگندههای کلاژن پوست گونه ایمنیهای کیفی و بررسی ویژگی

 )Hypophthalmichthys nobilis(معمولی ، )Cyprinus carpio(خوار ، علف

)Ctenopharyngodon idella( ای و نقره)Hypophthalmichthys molitrix(  کپور ماهیان

 پرورشی 

 
 *1مینا سیف زاده

 21/01/1402تاریخ دریافت: 

 13/03/1402تاریخ بازنگری

 10/04/1402تاریخ پذیرش: 
 

 چکیده

 حاضر مطالعه راینبناب. شود تبدیل انسان رفاه و سلامت برای کلیدی زیستی پلیمر به که شد سبب جامعه، آینده در آن مهم نقش و کلاژن کاربردهای زیاد تنوع
 اسیدی آنزیمی روش به کپور ماهی پوست از کلاژن. شد انجام آنها مقایسه و کلاژن کیفی خصوصیات تعیین پرورشی، کپور ماهی پوست از کلاژن استخراج هدف با
 معمولی، هایگونه پوست از شده تهیه کلاژن شامل( تیمار 5) کلاژن تیمارهای. شد استخراج ساعت 48 زمان مدت طی پپسین و مولار5/0 استیک اسید از استفاده با

 انسانی فیبروبلاست هایسلول روی سمی اثرات و نبودند خون همولیز به قادر کلاژن تیمارهای. هستند( شاهد) گاو و ماهیان کپور اینقره و گنده سر خوار،علف
 کلاژن( روشنایی) رنگ. داشتند قرار استاندارد محدوده در پرورشی کپور هایگونه از شده استخراج کلاژن در( ppm 01/0–18/0) سنگین فلزات. ندادند نشان

 اسیدهای. نشد مشاهده کلاژن در تریپتوفان و سیستئین آمینه اسیدهای(. P> 05/0) ندادند نشان داریمعنی تفاوت( 38/92) شاهد و( 74/92–68/93) آزمایشی
 یدتول راندمان و آمینه اسیدهای پروفایل. داشتند را کلاژن میزان کمترین و بیشترین( residues 1000g-1 3 و 352 ترتیببه) لیزین هیدروکسی و گلیسین آمینه

 و ایمنی تولید، راندمان بین حاضر، مطالعه نتایج اساس بر(. P> 05/0) ندادند نشان کپور ماهی هایگونه در را داریمعنی تفاوت( درصد 51/10-59/10) کلاژن
 نشان داریمعنی تفاوت شاهد و آزمایشی کلاژن بین هاویژگی این (.P> 05/0) نشد مشاهده داریمعنی تفاوت پرورشی کپور هایگونه در کلاژن کیفی هایویژگی
 .کرد پستانداران کلاژن جایگزین و گرفت کار به کلاژن تولید برای توانمی را هاگونه این پوست رو این از(. P> 05/0) ندادند
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Abstract 
Iranian men are at risk of developing gastrointestinal cancer caused by H. pylori. It is very imperative to find effective 

methods to control this bacterium as there are currently no very effective treatments for it. Honey has been shown to have 
antimicrobial properties against various pathogens. This study analyzed 15 honey samples from A. florea bees, collected 
from different floral and geographical origins, for their antimicrobial efficacy against H. pylori. Using atomic absorption 
measurements, the honey samples were also tested for their phenolic and flavonoid content, protein concentration, and 
mineral content. Antioxidant activity was determined using the FRAP, DPPH, and ABTS methods. The antibacterial 
activity of honey samples was investigated both in-vitro and in-vivo in the gastrointestinal tract of mice. Statistical analysis 
revealed a significant positive correlation between antioxidant activity and antibacterial activity. All honey samples 
showed antimicrobial activity in-vitro, among which jujube honey from Bushehr exhibiting the highest activity. 
Differences in antioxidant and antimicrobial activities were likely due to the flora of the plants and the geographic region 
from which the honey was harvested. Based on these results, A. florea honey may be used in the prevention and treatment 
of H. pylori-associated infections and inflammation of the gastrointestinal tract. This feature can be applied to the control 
of Helicobacter pylori along with other available measures.  

 
Keywords: Antioxidant activity, Antimicrobial activities, Honey, H. pylori 
 

Introduction 1 2 3  
 H. pylori is a gram-negative bacterium that 

is resistant to gastric acid and colonizes the 
gastrointestinal tract (Khatun et al., 2013). It is 
a known carcinogen and has been classified as 

a Class I carcinogen by the World Health 
Organization.  Chronic inflammation caused by 
H. pylori infection increases the risk of gastric 
and duodenal ulcers, which can lead to gastric 

cancer (Graham, 2015). It is a known risk factor 
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for gastric cancer development and its 
pathogenesis is associated with oxidative stress. 

H. pylori infection induces the production of 
reactive oxygen species (ROS) and reactive 
nitrogen species (RNS) in the host, leading to 

oxidative damage in gastric epithelial cells. 
Host antioxidant systems are activated to 
counteract this damage, including enzymes 

such as superoxide dismutase (SOD), catalase, 
and glutathione peroxidase (GPx). However, H. 
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pylori have evolved strategies to evade host 

immune responses and antioxidant defense 
systems, resulting in chronic inflammation and 
increased cancer risk. Despite its prevalence, 

most infected people (80%) are asymptomatic. 
However, long-term infection significantly 
increases the risk of cancer (Saha et al., 2010; 
Wroblewski et al., 2010). Although many 

different drugs have been tested to treat H. 
pylori, none have been shown to be effective 
(Take et al., 2015). Due to the side effects and 

antibiotic resistance associated with antibiotic 
treatment, researchers are exploring natural 
compounds with anti-inflammatory and 

antimicrobial properties (Bonacorsi et al., 
2009). Honey is gaining attention for its 
antibacterial and antioxidant properties, and its 
clinical use is increasing (Selahvarzian et al., 

2015).  
 Honey is believed to be the first product 

discovered by prehistoric people, compared to 

other products produced by honey bees. Honey 
is produced by two species of honey bees: the 
European honey bee (Apis mellifera) and the 

Asian dwarf honey bee (A. florea), and is stored 
in honeycombs after a series of interactions in 
their digestive tracts. A. florea is found in Iran 
from the South West (Khuzestan Province) to 

the South (Boushehr Province) and the South 
East (Sistan and Balouchestan Provinces) 
(Parichehreh et al., 2020). The high osmolality 

and antibacterial properties of honey make it a 
useful substance to promote human health. The 
effectiveness of honey in this regard is 

influenced by the species of honey bees, the 
plants they feed on, and the local climate 
(Aliyazicioglu and Boukraa, 2015). The 
antibacterial effect of honey is mainly due to the 

presence of hydrogen peroxide, which depends 
on the levels of glucose oxidase and catalase 
(Weston, 2000). These levels can vary between 

different types of honey and contribute to 
differences in their antimicrobial properties.  
The antibacterial and antioxidant properties of 
honey are due to the presence of lysozyme, 

phenolic acids and flavonoids (Snowdon and 
Cliver, 1995). Honey is a unique wound 
dressing as it can clear the infection, promote 

rapid wound healing, inhibit inflammation, 

minimize scarring, stimulate angiogenesis, and 
expand epithelial tissue in a short time (Molan, 
2002). Numerous studies have investigated the 

antimicrobial activity of honey from different 
botanical and geographical origins. For 
example, the antibacterial activity of honey 
from A. mellifera was studied by Selahvarzian 

et al. (2015), who found that honey from bees 
fed on licorice extract showed the highest 
antibacterial activity. Another study by 

Boyanova et al. (2015) found that honey of A. 
mellifera reduced the risk of H. pylori infection 
in 150 Bulgarian patients. Patients who 

consumed honey more than once a week had a 
lower rate of H. pylori infection than those who 
did not consume honey. Research conducted by 
Grego et al. (2016) on Italian honey highlighted 

that the antimicrobial activity of honeydew, 
polyfloral, and chestnut honey against S. aureus 
was similar to that of manuka honey. A study 

by Gośliński et al. (2020) compared the 
antioxidant and antimicrobial properties of 
manuka honey and Polish honey. The results 

showed that manuka honey had higher 
antioxidant capacity and stronger antimicrobial 
activity than Polish honey, suggesting that it 
may be a more effective natural remedy in the 

prevention or treatment bacterial infections and 
oxidative stress-related conditions. Kolayli et 
al. (2020) reported strong antimicrobial activity 

against S. aureus in buckwheat honey 
(Fagopyrum eculentum), heather honey 
(Calluna vulgaris), nettle or urtica honey 

(Urtica dioica), thistle honey (Silybium 
marianum), caltrop honey (Eryngium 
campestre), coriander honey (Coriandrum 
sativum), thyme honey (Thymus vulgaris), and 

honeydew. They also observed moderate 
antimicrobial activity in heather honey 
(Calluna vulgaris) and honeydew against E. 

coli, and heather honey (Calluna vulgaris) 
against C. albicans. 

While A. mellifera honey has been 
extensively studied for its antioxidant and 

antibacterial activity, there is not sufficient 
research on the case of A. florea honey. 
Therefore, the study aimed at assessing the 
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antioxidant and antibacterial properties of A. 

florea honey collected from various regions in 
Iran including Bushehr, Dezful, Iranshahr, 
Jahrom, and Jiroft, which are characterized by 

different vegetation types. In this investigation, 
we tried to clarify the potential health benefits 
of A. florea honey and how it could be used as 
a natural remedy for various illnesses. 

 

Materials and Methods 

Preparation of samples 

In August and September 2019, 15 samples 
of A. florea honey (1-2 kg per region) were 
collected from the southern region of Iran 
including Bushehr, Dezful, Iranshahr, Jahrom 

and Jiroft.    
 

Identification of mineral compounds 

Mineral content in honey samples was 
measured using an atomic absorption 
spectrophotometer (Tosic et al., 2017). 

 

Determination of total phenolic compounds 
Total phenolic compounds were determined 

using the Folin-Ciocalteu colorimetric method 

using gallic acid as a standard at 760 nm 
(Singleton et al., 1999). 

 

Identification of phenolic and flavonoid 

compounds 
Analysis of phenolic and flavonoid 

compounds of honey samples was performed 

by high-performance liquid chromatography 
(HPLC) (Agilent 1200-Germany) detector of 
Diode Array at 260 nm. For this purpose, 300 

μl of the solution was injected into the 
instrument. The mobile phase consisted of 
water/acetic acid (ratio 1.19 v/v) (solvent A) 
and methanol (solvent B) at a constant flow rate 

of 1 mL/min. The column temperature was kept 
constant at 30°C and the chromatograms were 
processed with Chemstation chromatography 

software (Mello et al., 2010). A C18 reversed-
phase Acquity column (1.7 μm, 150 mm, 
4.6 mm) protected by a guard column was used 

in this study. 
 

Investigation of antioxidant activity of honey 

samples 
The antioxidant activity of honey samples 

was measured using ABTS, FRAP and DPPH 
methods.  

 

Trolox equivalent antioxidant activity 

method (ABTS) 

The antioxidant activity of honey was 
determined according to the method of Re et al. 
(1999) using the Trolox equivalents (TEAC) as 
a measure of antioxidant activity. ABTS was 

obtained by reacting the prepared 7 mM ABTS 
aqueous solution with 2.4 mM potassium 
persulfate (K2S2O8).  Samples were stored in 

the dark at room temperature for 12-16 h. 
160 µL of ABTS+ solution was added to 
40 µL of the sample at different concentrations. 

Absorbance at 734 nm was measured after 
incubation for 10 min at room temperature 
using a 96-well microplate reader. 

 

 FRAP method 
The ferric ion regenerative antioxidant 

activity (FRAP) method was measured 

following the method of Benzie and Strain 
(1996) with some modifications. The honey 
sample was first dissolved in 10 mL of n-
hexane-acetone mixture (6:4) and then filtered 

through the Whatman number 4 filter paper. 
The honey solution was mixed with 1.8 mL of 
FRAP reagent, and the absorbance of the 

reagent mixture was measured 
spectrophotometrically at 593 nm after 
incubation for 10 min. The calibration curve 

was constructed using Trolox, and the results 
were expressed as mg of Trolox equivalent 
(TE) per 100 gr of honey. 

 

DPPH method 
The antioxidant activity of honey samples 

was measured by diphenyl picrylhydrazyl 

(DPPH) at 517 nm according to the method of 
Von Gadow et al. (1997). Honey samples were 
dissolved in 5 mL of methanol and filtered 

through Whatman #4. Subsequently, 100 mL of 
honey, butylated hydroxytoluene (BHT), and 
butylated hydroxyanisole (BHA) in methanol 
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were mixed with 2.9 mL of a 6 × 10−5 M 

solution of DPPH in methanol.  The mixture 
was shaken vigorously and left in the dark at 
25°C for 60 min. The absorbance of the solution 

was measured at 517 nm against a methanol 
blank using a spectrophotometer (Hitachi U-
1900, Japan). 

 

Measuring protein levels 
Protein concentration was measured 

according to the method described by Bradford 

(1976).   
 

In-vitro antibacterial activities of different 

honey samples  

Testing was performed using the agar well 
diffusion method (de Queiroz Pimentel et al., 
2013). After preparing Muller-Hinton agar 

according to the manufacturer's instruction, 0.5 
McFarland bacterial suspension was plated in 
four wells of each plate using a sterile Pasteur 
pipette. After the Hinton agar was thawed and 

sealed, 80 μL of each honey sample was poured 
into each well. After 37 h of incubation at 37°C, 
the size of the zone of growth inhibition was 

measured with a ruler. Each test was repeated 
three times and recorded.  

 

In-vivo antibacterial activities of different 

honey samples 
Honey samples were tested for antimicrobial 

activity against H. pylori provided by the 

Iranian National Center for Genetic and 
Biological Resources.    

BALB/c mice (6-7 weeks old) were 

provided by Razi Vaccine and Serum Research 
Institute, Tehran and were kept at 25°C and 
12:12 L:D under pathogen-free conditions. The 
mice were fed autoclaved food and water every 

2 days. After the bacterial strain was cultured 
on Nutrient Agar (NA) and placed under 
anaerobic conditions at 24°C for 24 h, the cells 

were washed twice with distilled water and a 
suspension of 109 CFU/mL was administered to 
the mice. In this study, an orogastric tube was 

inserted into the stomach of mice to observe the 
occurrence of infection and changes (ulcers, 

decay, and abnormal tissue growth) (Shamala et 

al., 2002). 
   

Evaluation of gastritis and status of H. pylori 
infection after treatments  

A total of sixty healthy female BALB/c mice 
were prepared and kept at the above-mentioned 
conditions. There were six groups of 10 mice, 

and two were considered control groups (one 
infected with the bacteria but not eating honey, 
and 1 without the infection). After introducing 

H. pylori into the gastrointestinal tract of mice 
by gavage, several mice were randomly 
selected and their stomachs were 
sampled. After inoculation with H. pylori, the 

mice were fed honey at a concentration of 6:1 
(85.7% water: 14.3% honey) every other day, 
mice stomachs were removed after 75 days and 

placed in a Styrofoam tray covered with 
drawing paper. They were then fixed in 10% 
formaldehyde for 30 days, divided into four 

equal parts and embedded in paraffin.  These 
four pieces (5 μm thick) were cut horizontally, 
immersed in albumin solution overnight at 
40°C before staining with hematoxylin and 

eosin (Boldt et al., 2015). Stained sections were 
observed under an optical microscope.  

 

Scoring gastric inflammation 
The Sydney system was also used to assess 

the degree of inflammation in addition to 
detecting H. pylori contamination (Jones et al., 

2002; Nakamura et al., 2002). Grading and 
scoring are based on endoscopic and 
histopathological criteria, which are more 

concerned with topography, morphology, and 
degree of inflammation (zero = absent, + 
(mild), ++ (moderate), +++ (severe)). H. pylori 

can also be treated by scoring: zero = absence 
of H. pylori, one = low presence of bacteria up 
to 5 glands, 2 = moderate presence of bacteria 
from 6 to 10 glands, 3 = high presence of H. 

pylori from 11 glands upwards. 

 

Statistical analysis 

Physicochemical results were reported as 
mean ± SD (standard deviation) of triplicate 
samples and statistical differences were tested 
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using one-way analysis of variance 

(ANOVA). Differences on the histology score 
were tested by the Mann-Whitney U test. Both 
tests considered the results as statistically 

significant when p < 0.05. 
 

Results 

Inorganic compounds 

The mineral compounds identified in the 
honey samples are listed in Table 1. The highest 
and lowest calcium levels were recorded for 

Bushehr and Jahrom honey samples with 
187.70 and 86.08 ppm, respectively. The 

highest and lowest magnesium levels were 

measured in Iranshahr (460.09 ppm) and Jiroft 
(55/43 ppm). In addition, the highest and lowest 
levels of phosphorus were 7.57 and 0.36 ppm 

for Iranshahr and Jahrom, respectively. The 
highest and lowest zinc was recorded for Jiroft 
(10.03 ppm) and Iranshahr (7.63 ppm), and the 
highest and lowest percentages of potassium 

were for Bushehr (846.21 ppm) and Iranshahr 
(412.15 ppm). Iranshahr honey samples had the 
highest iron concentration, while Jiroft honey 

samples had the lowest iron concentration 
(Table 1). 

 
Table 1- Assessment of mineral compounds in different honey samples 

Sample Ca (ppm) Mg (ppm) P (ppm) Zn (ppm) K (ppm) Fe (ppm) 

Dezful 187.17 371.07 0.39 9.38 843.82 144.28 
Iranshahr 83.80 460.09 5.24 7.63 412.15 219.99 
Bushehr 187.70 171.75 0.39 8.51 846.21 117.32 
Jahrom 86.08 288.79 0.36 9.50 776.10 114.77 
Jiroft 136.32 55.43 7.57 10.03 819.39 30.29 

 

Protein content 

The protein content of honey samples was 
calculated 94.23 ± 0.85, 102.11 ± 0.55, 137.92 
± 0.25, 138.75 ± 0.27, and 133.44 ± 0.12 ppm 

for Dezful, Iranshahr, Bushehr, Jahrom, and 

Jiroft respectively (Fig. 1). Statistical analysis 

of the results showed that the samples differed 
significantly in protein content (F: 4873.09, df: 
14, P: 0.000). 

 

 
Fig. 1- The amount of total phenol in honey samples 

 Different letters denote significantly different values from one another (LSD) at P ≤ 0.01 level.  
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Phenol and flavonoids 

Phenolic and flavonoid compounds of honey 
samples were identified by HPLC 
chromatography. Isolated compounds 

identified in honey samples are shown in Table 
2. The compounds included gallic acid, 
chlorogenic acid, caffeic acid, p-coumaric acid, 

quercetin, kampefrol, hespertin, and apegenin 

(Table 2). It was found that the most extracted 
compounds in the extracts of Jiroft, Bushehr, 
Iranshahr, Jahrom, and Dezful honey were 

apigenin (54.16%), apigenin (94.51%), 
kaempferol (66.95%), apigenin (46.90%), and 
kaempferol (47.15%), respectively. 

 
Table 2- Analysis of phenolic and flavonoid compounds of honey samples by HPLC 

Compounds Dezful Iranshahr Bushehr Jahrom Jiroft 

Gallic acid 0.13* 0.30 0.16 0 0 
Chlorogenic acid 0 0 2.64 33.40 0 

Caffeic acid 0.69 0.07 0.05 0.10 0.07 
p-Coumaric acid 0 0 0 8.04 5.11 

Quercetin 0.1 0.14 0.02 0.03 0.05 
Kampefrol 2.81 2.35 5.75 11.17 2.78 
hespertin 0.31 0.31 0.38 0.62 0.31 
Apegenin 1.92 0.34 154.98 47.14 9.83 

*Retention time 

 

Total phenol content 

 The highest and lowest phenol contents 
were observed in Bushehr (755.83 g/g) and 
Iranshahr (348.83 g/g), respectively (Fig. 2). 

Based on statistical analysis, there were 

significant differences in total phenol content 
among the collected samples (F: 38.03, df: 14, 
P: 0.000). 

 

 
Fig. 2- Measurement of protein content in different honey samples 

 Different letters denote significantly different values from one another (LSD) at P ≤ 0.01 level. 

 

Antioxidant activity 
The antioxidant activity of different honey 

samples was measured by three methods: 

ABTS, FRAP, and DPPH. According to ABTS, 

the highest and lowest levels of antioxidant 
activity were found in Bushehr (786.40 ± 29.73 
μg/g) and Iranshahr (324.90 ± 4.90 μg/g 

samples (Table 3). Based on statistical analysis, 
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significant differences were found among 

honey samples in terms of antioxidant activity 
(F: 64.40, df: 14, P: 0.000). There were also 
significant differences in antioxidant activity 

between different samples according to the 
FRAP method (F: 14.32, df: 14, P: 0.000). 
Dezful, Iranshahr, Bushehr Jahrom, and Jiroft 
honey samples were tested by FRAP method 

for antioxidant activity, among which Bushehr 
and Iranshahr samples showing the maximum 

and minimum antioxidant activity, respectively 

(Table 3). The DPPH method confirmed the 
results of the ABTS and FRAP methods for 
honey antioxidant activity (F: 41.77, df: 14, P: 

0.000). According to Table 3, Bushehr honey 
samples (625.76 ± 26.17 μg/g) and Iranshahr 
honey samples (393.03 ± 11.98 μg/g) had the 
maximum and minimum antioxidant activities, 

respectively (Table 3). 

 
Table 3- Antioxidant power of honey samples collected from different areas  

Different letters denote significantly different values from one another (LSD). 

Sample 
Antioxidant capacity (µgr/gr) 

ABTS 
(Mean±SE) 

FRAP 
(Mean±SE) 

DPPH  
(Mean±SE) 

Dezful 533.44±19.9 c 23.28±0.80 ab 424.64±4.63 d 
Iranshahr 324.90±4.90 d 14.41±0.95 d 393.03±11.98 d 
Bushehr 786.40±29.73 a 26.98±0.92 a 625.20±26.17 a 
Jahrom 691.96±32.38 b 23.37±1.81 ab 570.62±16.58 b 
Jiroft 626.19±6.84 b 19.97±1.45 c 472.73±5.59 c 

Different letters indicate significant differences  
 

Antibacterial activities 
Table 4 shows the antibacterial activities of 

A. florea honey samples. A 50% decrease in 
honey concentration in-vitro resulted in a 
decrease in the diameter of the zone of growth 

inhibition in all samples. This indicates a strong 
relationship between honey concentration and 
antimicrobial activity. The antimicrobial 
activities of honey samples were significantly 

different based on statistical analysis. Bushehr 
and Iranshahr honey samples had the highest 
and lowest antimicrobial activities, 

respectively, with growth halo diameters of 
19.17 ± 0.12, and 13.14 ± 13.09 (mm), 
respectively. 

 Based on histopathological observations 
and the classification scale, inflammation (no = 
0, + mild, ++ moderate, +++ severe) was rated 
(Table 5). A mild inflammatory response and 

severe mucosal degeneration have been 
observed in Dezful honey (Fig. 3-a). In the 
Bushehr honey sample, gastric mucosa showed 

mild inflammation and mild degeneration, 

along with severe eosinophilia (Fig. 3-b). Fig. 
3c shows gastric mucosa with mild 

inflammation and moderate degeneration and 
moderate to severe eosinophilia in the Jahrom 
honey sample.  Furthermore, Jiroft honey 

samples showed mild inflammatory processes, 
moderate to severe degeneration, and severe 
eosinophilia in the gastric mucosa (Fig. 3-e). In 

the Iranshahr sample, mild inflammatory and 
moderate to severe degeneration and moderate 
presence of eosinophils in gastric mucosa were 
observed (Fig. 3-g). The positive control group 

showed moderate inflammatory reactions and 
severe degeneration (Fig. 3-d). According to the 
results, Bushehr honey and Jahrom honey had 

less inflammation and degeneration and had 
higher eosinophil content, so they had higher 
control against H. pylori than other honeys, 

which is similar to the results of in-vitro 
analysis. 
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Fig. 3- (a-g). Stomach. Gastric mucosa of mice infected with Helicobacter pylori after different honey treatment 

groups 
Stomach. Dezful. Mild inflammatory process and severe degeneration in the gastric mucosa were observed. 

Haematoxylin and eosin× 400.  
Stomach. Bushehr. Mild inflammatory process, mild degeneration and severe presence of eosinophils in the gastric 

mucosa were observed. Haematoxylin and eosin× 400.  
Stomach. Jahrom. Mild inflammatory process, relative degeneration and moderate to severe presence of eosinophils in 

gastric mucosa were observed. Haematoxylin and eosin× 400.  
Stomach. Positive control. Moderate inflammatory process, mild degeneration was observed. Haematoxylin and eosin× 

400.  
Stomach. Jiroft. Mild inflammatory process, moderate to severe degeneration and severe presence of eosinophils in 

gastric mucosa were observed. Haematoxylin and eosin× 400.  
Stomach. Negative control. Haematoxylin and eosin× 400. 

Stomach. Iranshahr. Mild inflammatory process, moderate to severe degeneration and moderate presence of eosinophils 
in gastric mucosa were observed. Haematoxylin and eosin× 400. 
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Table 4- Diameter of growth inhibition zone of Heliobacter pylori in different concentrations of different honey 

samples 
 Different letters denote significantly different values from one another (LSD). 

Sample 
Diameter of growth inhibition zone (mm) 

100% solution 50% solution 
Dezful 14.83±0.15  c 12.74±0.05  C 

Iranshahr 13.09±0.04  d 11.32±0.07  D 
Bushehr 19.17±0.12  a 17.53±0.13  A 
Jahrom 18.83±0.06  ab 11.65±0.13  D 
Jiroft 18.36±0.15  b 14.22±0.07  B 

 
Table 5– Presence of Helicobacter pylori, inflammation, degeneration, and eosinophil in the gastrointestinal tract 

of mice, according to the Sydney System classification scale (0 = Absent, + = Mild, ++ = Moderate, +++ = Severe) 

Sample Inflammation Degeneration Eosinophil 

Dezful 1 3 1.5 
Iranshahr 0.5 2 1.5 
Bushehr 0.5 1 3 
Jahrom    
Jiroft 1.5 1 1.5 

Negative control    
Positive control    

 

Correlation between antioxidant and 

antibacterial properties 

As shown in Table 6, a Pearson correlation 
analysis was conducted between the antioxidant 

and antibacterial activities of honey samples. 

The results showed that antibacterial activity 
against H. pylori was positively correlated with 
honey samples' antioxidant content. 

 
Table 6- Correlation between antioxidant and antibacterial activities of honey samples against Helicobacter 

pylori 

A
n

ti
b

a
c
te

r
ia

l 

p
e
r
o

p
er

ti
e
s 

Pearson 

correlation 

ABTS DPPH FRAP 

0.929 0.851 0.672 
Sig 0.000 0.000 0.000 

N 15 15 15 

 

Discussion 
Honey is a popular natural food that contains 

both organic and inorganic compounds. Its 

composition is influenced by natural and 
anthropogenic factors such as vegetation 
diversity and geography. Honey contains small 

amounts of protein and lipids, but its 
composition is mostly composed of fructose 
and glucose (65%), water (18%), and trace 

amounts of protein (Khalil et al., 2001; Silva et 
al., 2009). The presence of minerals and heavy 
metals in honey can affect its quality, with 
light-colored honey containing 0.04% minerals 

and dark-colored honey containing 0.2% 
minerals (Bogdanov et al., 2007). Minerals 
derived from organic or plant sources have been 

reported to have beneficial effects on human 
health, whereas minerals from inorganic or 
heavy metal sources can be toxic (Hernández et 

al., 2005; Pohl et al., 2009). In this study, we 
found that 0.04-0.2% of inorganic compounds 
were present in A. florea honey collected from 

different regions of Iran, which varied in 
vegetation types, including alfalfa (Medicago 
sativa), Astragalus spp., Citrus, mesquites 

(Prosopis spp.), and jujube (Ziziphus spina-
christi). 

The phenol and flavonoid profiles of A. 
florea honey have not yet been determined. 

However, studies of A. mellifera honey have 
shown that the profile of these compounds 
depends on the dominant flora and 
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geographical region. Gallic acid has been 

identified as the most abundant phenolic 
compound in numerous honey samples 
(Cheung et al., 2019). HPLC analysis of 40 

samples of A. mellifera honey revealed 16 
phenolic and 14 flavonoid compounds, with 
gallic acid and chrysin being the most abundant 
(Cheung et al., 2019). The gallic acid content of 

honey collected in Australia ranged from 13.9 
to 45.2 μg/g, with differences attributed to 
geographical variations and the types of plants 

the honeybees were feeding on (Yaoa et al., 
2005). In this study, we found that A. florea 
honey samples contained chlorogenic and 

caffeic acids, which have antibacterial 
properties (Estevinho et al., 2008). Apigenin 
was the predominant phenolic compound 
identified in the Jiroft, Bushehr and Jahrom 

honey samples, and kampefrol was the 
predominant compound identified in the 
Iranshahr and Dezful honey samples. Phenols 

and flavonoids are naturally occurring 
compounds found in honey and have been 
shown to have a positive correlation with the 

antioxidant effect of honey samples. These 
compounds also exhibit antimicrobial 
properties. In this study, the antioxidant activity 
of honey samples was evaluated using three 

methods: ABTS, FRAP, and DPPH. The results 
indicated that the honey samples collected from 
Bushehr and Iranshahr had the highest and 

lowest antioxidant activity, respectively, by all 
three methods. The antioxidant activity of 
natural honey is attributed to the presence of 

various compounds such as enzymes, organic 
acids, phenolic acids, flavonoids, carotenoids, 
amino acids, and ascorbic acid (Hussein et al., 
2011). Different types of honey contain 

different amounts of antioxidants, especially 
phenolic compounds, and exhibit different 
antioxidant activity. These antioxidants are 

highly dependent on the number of hydroxyl 
groups attached to the benzene ring of these 
compounds. . In this study, the total 
concentrations of phenolic and flavonoid 

compounds identified in honey samples from 
Dezful, Iranshahr, Bushehr, Jahrom, and Jiroft 
honey samples were 5.96, 3.51, 163.98, 100.5, 

and 18.15 μg/g, respectively. The Iranshahr 

honey sample had the lowest levels of phenols 
and flavonoids among the other honey samples, 
while the Bushehr honey sample had the 

highest levels. The lower antioxidant activity of 
Iranshahr honey compared to other honey 
samples is likely due to the lower concentration 
of phenolic and flavonoid compounds. . The 

results of the total phenol content of honey 
samples also showed that the highest and lowest 
levels of total phenol were related to Bushehr 

and Iranshahr honey, respectively. The 
antioxidant activity of honey was directly 
related to its phenolic and flavonoid content. 

Amaral et al., 2017 indicated a positive 
correlation between phenolic and flavonoid 
content and antioxidant activity of honey. Some 
polyphenols have been reported to exhibit 

antimicrobial activity (Marín et al., 2015). 
Stagos et al. (2018) showed there was a 
significant moderate positive correlation 

between the total polyphenolic content and 
antioxidant activity of honey. 

 

Conclusion 
With the rise of antibiotic-resistant strains, 

there is an urgent need for new effective, low-
risk antimicrobial compounds. The search for 

new antibacterial compounds is therefore one of 
the interesting topics in the fields of health and 
medicine (Selahvarzian et al., 2015). 

Numerous studies have shown that A. mellifera 
honey inhibits the growth of bacteria that are 
resistant to common antibiotics (Molan, 1992; 
Al Somal et al., 1994). In laboratory tests, 

honey was able to effectively control and 
suppress many pathogens. . Several factors are 
responsible for the antibacterial activity of 

honey, including osmotic pressure, acidity, 
hydrogen peroxide, phenols, flavonoids, and 
lysozyme (Manyi-Loh et al., 2010).  H. pylori 

infection in mice was treated with A. florea 
honey. A positive control group of mice that 
were treated with H. pylori had a higher rate of 
inflammation than the treatment group. A low 

rate of inflammation in the stomach of honey-
treated mice indicates that honey reduces 
inflammation severity and has a therapeutic 
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effect. Degeneration and eosinophils also 

contribute to this process. In the treatment 
groups, high levels of eosinophils indicate that 
honey enhanced mice's immunity against 

pathogens, including bacteria. There are no 
studies on the antimicrobial properties of A. 
florea honey. According to this study, A. florea 
honey has been found to have antibacterial 

effects. Some of the commercial honey samples 
collected from different regions of Urmia, Iran 
have been shown to have higher antibacterial 

activity than other honey samples against 
Staphylococcus aureus, Escherichia coli, and 
Pseudomonas aeruginosa. . This might be 

attributed to phytochemicals in plants 
distributed in those areas (Tajik et al., 2007). In 
Brazil, Amaral et al. (2017) investigated the 
effect of A. mellifera honey on H. pylori both 

in-vivo and in-vitro. Omeprazole, amoxicillin, 
clarithromycin, and honey were administered to 
mice after they were infected by H. pylori. All 

treatments were effective in controlling 
infection, but treatment with honey reduced 
inflammation and treatment with antibiotics 

increased eosinophil levels.  A study by 
Rahimifard et al. (2019) showed that Thyme 
honey, royal jelly, and their mixtures exhibited 
antimicrobial activity against H. pylori. They 

showed that honey due to high osmolality, low 
acidity, and hydrogen peroxide and non-
peroxide content, and royal jelly due to 

Royalisin protein, fatty acids 10-Hydroxy-2-

Decenoic acid (10-HAD), and Jelleins peptides; 

have a wide spectrum of antibacterial 
properties. In this study, A. florea honey was 
shown to be effective in treating H. pylori 

infections.  This study found similar results to 
those obtained by Amaral et al. (2017). In 
particular, jujube honey from Bushehr showed 
antibacterial and antioxidant properties in this 

study. This, in combination with other 
treatments, can reduce infections and 
inflammation caused by Helicobacter pylori.  
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 باکتریالی عسل زنبور عسل کوچکاکسیدانی و آنتیبررسی خواص آنتی

 Apis florea Fabricius (Hymenoptera: Apidae)   علیه Helicobacter pylori 

 

 4پژواک خاکی -3محمد اسلام پناه -2غلامحسین طهماسبی -*1شبنم پری چهره
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 17/04/1402: تاریخ بازنگری

 18/04/1402تاریخ پذیرش: 

 

 چکیده
شده و امکان ابتلا به سرطان لوله گوارش را بویژه در مردان افزایش  در مخاط یدگیدیبآسی، منجر به دستگاه گوارش فوقانسازی با آلوده یلوریپ یکوباکترهل

 های ایمنعلیه آن، یافتن روشواکسن  یهتا زمان ته پذیر نیست، بنابراینامکان یبه طور موثریشه هم یسنت یهابا روش دهد. با توجه به اینکه امکان درمان آنمی
 یکروبیضد م یعوس یفط ینو همچن یدانیاکسیآنت یتبالا و فعال یدراتکربوه یبا محتوا ییمکمل غذا یکعسل . تر مبارزه با این باکتری بسیار حائز اهمیت است

در این پژوهش برای مطرح بوده است.   H. pyloriای از عوامل میکروبی از جملههای مقابله با طیف گستردههای اخیر به عنوان یکی از روشکه در سال است
آوری شده از بوشهر، دزفول، ایرانشهر، چابهار، رودان، جهرم جمع A. floreaنمونه عسل زنبور عسل کوچک  15 باکتریالینتیآو  اکسیدانیآنتینخستین بار خواص 

خواص آنتیین آوری شده مورد بررسی قرار گرفت. همچنهای جمعترکیبات فنلی، فلاونوئیدی، پروتئین و ترکیبات معدنی عسلو جیرفت مورد بررسی قرار گرفت. 
ارزیابی شد. نتایج نشان داد که  تنیتنی و برونو خواص ضدباکتریایی در شرایط درون ABTSو  DPPH ،FRAPها با استفاده از سه روش اکسیدانی عسل

باکتریالی علیه ده بیشترین خواص آنتیاساس نتایج بدست آمها وجود دارد. همچنین برباکتریالی عسلاکسیدانی و آنتیداری بین خواص آنتیهمبستگی مثبت و معنی
 عسل هاینمونه بین در شده مشاهده میکروبی ضد و اکسیدانیآنتی قدرت تفاوت علت آمده بدست نتایج هلیکوباکتر پیلوری مربوط به عسل کنار بوشهر بود. طبق

 توانایی عسل داد، نشان پژوهش این در میکروبی ضد قدرت بررسی. است بوده عسل آوریجمع مناطق جغرافیایی تفاوت و منطقه گیاهی فلور تنوع در تفاوت دلیل به
 سایر کنار در تواندمی و است داشته را پیلوری هلیکوباکتر باکتری وسیله به گوارش دستگاه در شده ایجاد التهاب و آلودگی درمان نیز و آلودگی از جلوگیری در بالایی
 .گیرد قرار استفاده مورد باکتری این به آلودگی درمان در موجود، هایروش
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Abstract 
The essential oils usually have a good effect against undesirable microorganisms; therefore, they can be utilized as 

natural antimicrobial agents in food or their packaging. In this research, the antimicrobial attributes of two essential oils 

(Oliveria decumbens and Pistacia atlantica gum), have been investigated before and after thermal process (200C - 10 
minutes) against bacterial and mold spoilage in bread. Also, the compounds of essential oils were detected by gas 
chromatography-mass spectrometry. The main compounds of the essential oil of O. decumbens were carvacrol, thymol, 
and elemicin before and after thermal treatment. In the case of P. atlantica gum, only one prominent peak was observed 

in the chromatogram, which was related to the α-pinene. For both essential oils, the MIC and MFC against Aspergillus 

niger were 4000 and 8000 μL/ml, respectively. In comparison, the antimicrobial effect of both essential oils against 
Bacillus subtilis was higher than the mold. The amount of MIC and MBC were 125 and 250 μL/ml for Oliveria decumbens 
and 62.5 and 125 μL/ml for Pistacia atlantica gum, respectively. The results showed that these two essential oils have a 
promising effect against the main microorganisms of bread spoilage. The thermal process did not significantly affect the 
antimicrobial activity of Pistacia atlantica gum essential oil against A. niger but significantly decreased the antimicrobial 
activity against B. subtilis, while in the case of antimicrobial activity of Oliveria decumbens essential oil, the results were 
the opposite. Considering the fact that the most spoilage agents of the bread are molds so the use of Pistacia atlantica 
gum essential oil is recommended as natural preservatives in products that tolerate high heat treatment, such as bread and 
bakery products. 

 
Keywords: GC-Mass, MBC/MFC, Oliveria decumbens, Pistacia atlantica gum, Thermal stability  

 

Introduction 
The most common molds detected in bakery 

products are genera of Penicillium, Aspergillus, 
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Monilia, Mucor, Endomyces, Cladosporium, 
Fusarium, Alternaria, and Rhizopus (Alhendi 

and Choudhary, 2013; Cioban et al., 2010; 
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Gerez et al., 2009; Rodriguez et al., 2008). 

According to recent scientists' findings, about 
60% of the dough spoilage is due to the 
presence of Penicillium genus and Aspergillus 

niger (Alhendi and Choudhary, 2013). Faparusi 
and Adewole, 2019 reported that A. niger is the 
most common bread mold spoilage agent. On 
the other hand, ropiness is the utmost bacterial 

spoilage of bread, usually caused by Bacillus 
spp., especially Bacillus subtilis (Faparusi and 
Adewole, 2019). This spoilage often occurs 

when the bacterial population reaches 105 CFU 
per gram of sourdough (Sadeghi et al., 2011). 

The use of a limited number of synthetic 

preservative compounds, in trace amounts, is 
allowed in baking products., However, due to 
consumers' awareness of the dangers of 
chemical preservatives, in recent years 

researchers have focused on finding a 
substitution natural ingredients such as plant 
essential oils for preventing spoilage in food 

products (Borghei et al., 2010; Jideani and 
Vogt, 2016). The antimicrobial, antioxidant and 
anti-carcinogenic properties of essential oils, 

which is mainly due to the presence of phenolic 

compounds, have been proven (Bagamboula et 
al., 2004; Neffati et al., 2017). 

Pistacia atlantica (wild pistachio) gum (Fig. 

1), called "Saqqez" or "Banneh" in Iran, is 
secreted from the outer layer of the plant's inner 
skin. The predominant composition of this 
gum's essential oil is α- pinene (Rahimi et al., 

2016). Antimicrobial activity of the essential 
oils and extract of this plant has been proven by 
many researchers (Azeez and Gaphor, 2019; 

Ellahi et al., 2019; Mahjoub et al., 2018). 
Ahmed et al. (2020) reviewed ethnobotany, 
phytochemistry, and pharmacology properties 

of some subspecies of Pistacia, including 
atlantica, cabulica, kurdica, and mutica. They 
reported gum antimicrobial properties against 
various Gram-positive (Staphylococcus aureus, 

Bacillus cereus, Listeria monocytogenes) and 
Gram-negative (Escherichia coli, 
Pseudomonas aeruginosa, and Acenitobacter 

boumanii) and emphasized its antifungal 
activities against Aspergillus species (A. niger, 
A. flavus, A. fumigates) (Ahmed et al., 2021).  

 

 
Fig. 1- Pistacia atlantica gum 

 
Oliveria decumbens (Fig. 1) is a medicinal 

plant locally called "Dan" or "Danak" (Zali and 
Tahmasb, 2016). Thymol and carvacrol are the 

major constituents of O. decumbens essential 
oil (Amin et al., 2005). Some researchers, such 
as Behrooz (2016), demonstrated that the 

antifungal activity of the O. decumbens 
essential oil was higher than Thymus vulgaris, 
Zataria multiflora, rosemary, and cinnamon. 

The essential oil was able to prevent the growth 
of A. niger and A. fumigatus as well as two 
species of Penicillium (Behrooz, 2016). 
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Fig. 2- O. decumbens plant 

 

There are two main challenges when adding 
essential oils in bread. Firstly, they might 

change bread`s taste and secondly, the high 
temperature during baking can alter the 
composition of the essential oils. Using natural 

antimicrobial compounds in bread and baking 
products packaging can reduce the problems 
mentioned above to some extent. However, 

high temperature is also used in the production 
of packaging film; therefore, in addition to 
investigating the antimicrobial properties of 
essential oils against the main bread spoilage 

microorganisms, their thermal resistance 
should also be carefully studied. 

This study aimed to investigate the 

antimicrobial properties of P. atlantica gum 
and O. decumbens essential oils (before and 
after thermal treatment) against the most 

common mold and bacterial spoilage agents of 
bread (A. niger and B. subtilis). Moreover, the 
effect of heat treatment on the type and amount 
of constituents of essential oils was evaluated. 

 
Materials and Methods 

A. niger isolated from raisins and identified 

by the molecular method was prepared from the 
microbial bank of the Research Institute of 
Food Science and Technology, Iran. 
Lyophilized powder of B. subtilis (UBBS-14) 

was bought from Unique Biotech Company 
(India). Microbial culture mediums, PDB 
(Potato Dextrose Broth), PDA (Potato Dextrose 

Agar), MHB (Mueller Hinton Broth), and 
MHA (Mueller Hinton Agar) as well as ringer 

tablets and N–hexane (HPLC Grade) were 
purchased from the Merck Company (German). 

Antibiotic discs such as gentamicin, ampicillin, 
and erythromycin were purchased from a 
pharmacy and Tajhiz Avaran-e Shargh 

Company in Iran.  
 

Essential oils extraction 

 Clevenger was used for extracting essential 
oils. Fresh P. atlantica gum and the flower and 
stem of O. decumbens were purchased from 
local markets in Mashhad, Iran. The samples 

were air-dried to a constant mass at room 
temperature (in the shade) and then were 
grounded with a miller (Model 8300- Toos 

Shekan-e Khorasan Company, Iran) for about 1 
min and sieved with the size of 35 mesh. After 
that 40–50 g of milled powder were poured into 
a volumetric balloon (1000 cc), and 70% of the 

balloon was filled with distilled water. After 
heating (100˚C) for 6 hours, the essential oil 
was collected and stored in sealed vials in a 

dark place at 4°C, until the subsequent 
experiments (Elyemni et al., 2019). It should be 
noted that the sterilization of extracted essential 

oils for antimicrobial tests was done using 0.45 
µm filters. 

 

The yield of essential oils extraction 

The extraction yield was expressed in g in 
100 g of dry plant powder and was calculated 
according to Equation (1) (Elyemni et al., 

2019): 
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 Extraction yield (%)

=
Amount of extracted essential oil (g)

Amount of dry plant powder (g)
× 100                            (1) 

 

Thermal processing  
In order to investigate the effects of thermal 

processing on the essential oils and their active 
compounds, they were kept in oven (Memmert- 
Germany) at 200°C for about 10 min (Krepker 

et al., 2018). 
 

Determination of the chemical composition 

of Essential oils by GC-MS 
The chemical composition of Essential oils 

before and after thermal processing of essential 
oils was resolved using gas chromatography. 

Five microliters of each essential oil was 
dissolved in n–hexane solvent (HPLC Grade), 
and one microliter was injected into a gas 

chromatography with a mass spectrometry 
detector (GC-MS 5977 A- Agilent 
Technologies, USA) equipped with an HP-5MS 
capillary column (30 m, 0.25 mm i.d., 0.25 µm 

o.d– Agilent). The injection temperature was 
279 °C. The oven temperature was programmed 
from 60 °C to 200 °C with an increase of 

5°C/min. The helium carrier gas was injected at 
a volume of 1 ml, and the flow rate of helium 
gas was maintained at 1 ml/min. The mass 

spectrometer was also fixed to EI mode at 70 
eV. The interface temperature and the mass 
spectrum were set at 280°C and 35 to 700 m/z, 
respectively (Paventi et al., 2020). 

 

Disk diffusion method for determination of 

inhibition zone 
Antimicrobial activity of the stock essential 

oil (32000 μL/ml) against A. niger and B. 

subtilis was investigated by the disk diffusion 
technique. The lyophilized B. subtilis were 
grown in Mueller-Hinton Broth at 37 °C for 18-

24 hours. Then, the turbidity equivalent to 0.5 
McFarland standard was prepared and diluted 
to 106 CFU/ml. For A. niger, the 

hemocytometer chamber was used to reach 106 
spores per ml of fungal suspension. After that, 
100 µl of microbial suspensions was spread on 

the surface of the plate containing MHA 

medium. Paper disks (6 mm) were impregnated 
with 30 μl of essential oils and alcohol (70 %) 
was used as negative control. Moreover, the 

antibiotic standard disks, including 
Erythromycin, Ampicillin, and Gentamicin 
were applied as positive controls (10 μl per 
disc). The plates were incubated at 37 °C for 18 

h and 25 °C for 3-5 days for bacteria and fungi, 
respectively. Finally, inhibition zone diameters 
(mm) were measured (Aljeldah, 2022). 

 

Determination of the MIC, MBC and MFC 

of essential oils by Microdilution Method  
The microdilution method was used to 

determine the MIC of essential oils. Aliquots 
(100 μl) of different concentrations (32000, 
16000, 8000, 4000, 2000, 1000, 500, 250, 125, 

62.5, 31.25, 15.625, 7. 8125, and 3.9062 μl /ml) 
of two essential oils were added to each well of 
96 well-plate, which contained 95 μl Mueller-

Hinton Broth and Potato Dextrose Broth for 
bacteria and mold, respectively. Then, five 
microliters of 105 CFU/ml suspensions of 
microorganisms were added to each well. The 

negative controls were prepared with MHB and 
PDB media containing the essential oils 
without the microorganisms. The positive 

control was prepared with the MHB and PDB 
media containing the examined 
microorganisms without adding essential oils. 

The 96 well-plates were incubated at 37 °C for 
24 h for bacteria and 25 °C for 48 h for molds. 
The turbidity of the microorganism's growth 
was detected by an ELISA reader (ELX 808, 

Biotech USA). After the incubation period, the 
lower concentration of the essential oils with 
turbidity similar to negative wells was defined 

as MIC. To detect MBC/MFC, 100 μl of each 
well with turbidity similar to the negative 
controls was spread on the surface of MHA and 
BDA media and incubated at a suitable 

temperature and time for the microorganisms. 
The minimum bactericidal / fungicidal 
concentration was the lowest concentration of 

essential oils that caused the death of 
microorganisms in a way that no colony of 
microorganisms are observed (Behrooz, 2016). 
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Results and Discussion 

Essential oils extraction yield 
The extraction yield was 1/5 % for O. 

decumbens and 3% for P. atlantica. 
 

GC-MS results 
GC-MS measured the most important 

compounds of essential oils before and after 

thermal treatment. The results are as follows 

GC-MS chromatogram of essential oils 

(before and after heat treatment) 
GC-MS chromatogram of O. decumbens 

essential oil, before and after thermal treatment 
are presented in Fig. 3. Also the main 

compounds of this plant is available in Table 1. 

 

 
Fig. 3- GC-MS chromatogram of Oliveria decumbens (A= Before heating, B= After  heating treatment) 

 
As shown in Table 1, the main compounds 

of O. decumbens before heat treatment were 

elemicin (28.71 %), carvacrol (27.91 %), and 
thymol (24.76 %), that totally account for about 
80% of O. decumbens composition. By 

comparing the peak of main compounds of O. 
decumbens essential oil before and after heat 
treatment, it is clear that after heating the 
retention time of all compounds was slightly 

decreased although the main compounds 
remained unchanged. In addition, the amount of 
minor compounds decreased 6% in total, and 

the same amount was added to the elemicin 
(34.58 %); possibly due to the chemical 

interactions and material decomposition/ 
composition.  

 
 
 

 
 
 
 

 
 
 

 

A 

B 
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Table 1- The main compounds and retention time of Oliveria decumbens (before and after heating treatment) 

Number Treatment Name of compound Retention time Area 

1 
Before heating o-Cymene 5.97 5.03 
After heating o-Cymene 5.918 4.44 

2 
Before heating D-Limonene 6.085 9.26 
After heating D-Limonene 6.027 6.82 

3 
Before heating γ-Terpinene 6.744 4.33 
After heating γ-Terpinene 6.679 2.56 

4 
Before heating Carvacrol 12.514 27.91 
After heating Carvacrol 12.483 27.27 

5 Before heating Thymol 12.752 24.76 
After heating Thymol 12.720 24.33 

6 Before heating Elemicin 19.16 28.71 
After heating Elemicin 19.122 34.58 

 
Sereshti et al. (2011) declared that the main 

components of the essential oil of O. 

decumbens vent are: thymol (47.06%), 
carvacrol (23.31%), gamma-terpinene 
(18.94%), p-cymene (8.71%), (Sereshti et al., 

2011). Esmaeili et al. (2018) studied the aerial 
parts of O. decumbens and reported that, 
according to the GC and GC-MS results, γ-
terpinene (33.6%), carvacrol (16.9%), and 

thymol (16%) in the vegetative stage were the 
main components; whereas during the 
flowering stage thymol (37.8%) and carvacrol 

(29.38%) were dominated components 
(Esmaeili et al., 2018). Karami et al. (2020) 
studied the variation in the content of essential 

oil and composition of 12 types of O. 
decumbens populations in several habitats of 
Iran. They found that, the highest essential oil 
content was obtained from Behbahan (8.52%) 

and it was significantly higher than those 
previously reported for other areas in Iran and 
elsewhere. They announced that carvacrol 

(18.8–51.8%), thymol (20.3–38.7%), γ-
terpinene (0.9–28.8%) and p-cymene (1.6–
21.3%) were the major volatile compounds of 

O. decumbens based on  GC-FID and GC-MS 
analysis (Karami et al., 2020). The differences 
observed in this regard are associated with the 
plant origin, the parts of the plants selected or 

gathered for extraction (Karami et al., 2020; 
Sereshti et al., 2011) different phenological 
stages and also the extraction methods 

(Esmaeili et al., 2018). 
GC-MS chromatogram of P. atlantica gum's 

essential oil (post and pre-heating) is shown in 

Fig. 4. As seen in Fig. 4, before the heat 
treatment, only one sharp peak appears in the 

chromatogram (4.12 min), related to a-pinene 
(3-carene), the main composition of P. 
atlantica gum (67 %). It should be noted that 

there were other minor compounds, but they 
could be ignored. After heat treatment, it was 
observed that the amount of α- pinene 
decreased from 67% to 60.5% in comparison to 

pre-heat treatment; however the amount of 
some trace compounds such as trans-verbenol 
rose increasedafter heat treatment. Hasheminya 

and Dehghannya (2020) also declared that α-
pinene is the main compound found in essential 
oil of hull of P. kurdica subsp. (Hasheminya 

and Dehghannya, 2020). Elahi et al. (2019) 
reported that α-pinene (92.08%) is the main 
ingredient of P. atlantica gum essential oil 
(Ellahi et al., 2019). In another study carried out 

by Azeez and Gaphor (2019), it was reported 
that α-pinene made up 79.76% of the gum's 
essential oil of P. atlantica Kurdica ( Kurdistan, 

Iraq) (Azeez and Gaphor, 2019). According to 
the research of Rahimi et al. (2013), it is worth 
mentioning that in both males and females of P. 

atlantica subsp. Kurdica, α-pinene (92.42%-
84.10%), and Limonene (5.23%-1.26%) were 
the major compounds of the gum, (Rahimi et 
al., 2013). Jaradat et al. (2022) also found that 

Limonene and α-pinene were characterized as 
the major Pistacia lentiscus essential oil 
components (Jaradat et al., 2022). Sharifi et al. 

(2011) determined the gum's composition of P. 
atlantica subsp kurdica and showed that α- 
pinene contents (97.18) giving a unique 
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characteristic to this species. Overall, in the 

present research in line with other relevant 
studies working on all other parts of this plant, 
such as fruit (71.9%), (Fathollahi et al., 2019) 

leaves (5.54-66.1% from 34 samples), (Gourine 
et al., 2010) hull (20.80%)(Rezaie et al., 2015), 

industrial essential oil (Saqez Company of 

Kurdistan– 91.47%) (Hesami et al., 2014); the 
main component of  the essential oils of P. 
atlantica was α-pinene (Memariani et al., 2017; 

Rahimi et al., 2013; Sharifi and Hazell, 2011). 

 

 

 
Fig. 4- GC-MS chromatogram of Pistacia atlantica (A=before heating, B=after heating) 

 

Microbial tests 

Molds 
According to the results of the disk diffusion 

test, the inhibition zone of O. decumbens 
essential oil against A. niger was 25.50±0.08 

mm before heat treatment and 20.87±0.43 mm 
after heat treatment, which showed the 
antimicrobial activity after heat treatment 

decreased significantly, although due to the 
high antimicrobial activity of the essential oil 
based on inhibition zone, after the heat 

treatment, it can be used as an antifungal 
compound. On the other hand, no significant 
difference was observed before (11.00±0.16) 
and after (10.85±0.04) the heat treatment in 

inhibition zone of P. atlantica essential oil 

showing entire resistant to the heat treatment 

(200C- 10 minutes). Although Erythromycin 

and Gentamicin showed the biggest inhibition 
zone (40.61±0.27 mm and 40.50±0.41 
respectively), Ampicillin inhibition zone was 

lower (20.15±0.28 mm).  
 

Bacteria 
The inhibition zone of P. atlantica and O. 

decumbens essential oil with a concentration of 
32000 μL/ml against B. subtilis was 28.28±0.39 
and 42.75±0.20 mm before heat treatment and 

13.86±1.29 and 42.77±0.22 mm after heat 
treatment respectively; whereas inhibition zone 
of Erythromycin, Ampicillin and Gentamicin 
were 28.40±0.33, 25.94±0.11 and 24.88±0.68 

B 

A 
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mm respectively. Based on the results, heat 

treatment reduced the antimicrobial properties 
of P. atlantica essential oil against B. subtilis 
significantly, while the inhibition zone of the 

heated O. decumbens essential oil on the 
mentioned bacteria was not different from the 
unheated essential oil, which indicates the 
stability of O. decumbens essential oil to heat 

treatment. 
Ghalem and Mohamed (2009) evaluated the 

antimicrobial activity of P. atlantica Desf 

essential oil (PEO) against S. aureus, 
Streptococcus pyogenes, and E. coli. The PEO 
concentration was 10-1 dilution of the extracted 

essential oil. They declared that the largest 
inhibition zone was 9 mm obtained against E. 
coli (103 CFU/ml), and the lowest was against 
S. pyogenes (102 CFU/ml) with no inhibition 

zone. Moreover, the PEO at 10-2 and 10-3 µg/ml 

showed moderate antimicrobial activity. 
(Ghalem and Mohamed, 2009). Hama Amin et 
al. (2022) investigated antifungal activity of 

Pistacia atlantica subsp. kurdica oil gum 
extract (100, 50, 25 μl/ml) against Aspergillus 
brasiliensis. According to their results, oil gum 
extract showed strong antifungal activity 

because no growth was observed at different 
concentrations of the extract added to the 
inoculated PDA medium (HamaAmin et al., 

2022).  
The MIC and MBC of both essential oils (P. 

atlantica and O. decumbens) against A.niger 

and B. subtilis were measured using 
microdilution test. The results are shown in 
Table 2. 

 
Table 2- The MIC and MBC of both tested essential oils (P. atlantica and O. decumbens) against the tested 

microorganism (A. niger and B. subtilis) before heat treatment 

Type of Microorganism Test Pistacia atlantica Oliveria decumbens 

niger 
MIC 4000 μL/ml 4000 μL/ml 
MBC 8000 μL/ml 8000 μL/ml 

subtilis 
MIC 62.5 μL/ml 125 μL/ml 
MBC 125 μL/ml 250 μL/ml 

 
Azeez and Gaphor ( 2019) reported that both 

MIC and MBC of the essential oils of P. 

atlantica gum against Porphyromonas 

gingivalis (5∗105 CFU/ml ) were 12.5 μL/ml 
(Azeez and Gaphor, 2019). In another study, 

Sharifi et al. (2011) evaluated the antimicrobial 
activity of essential oil of P. atlantica kurdica 

crude gum against nine strains of Helicobacter 

pylori (1.5∗108 CFU/ml) and some other Gram-

positive and negative bacteria. They reported 
that the MIC values ranged from 500-1000 
mg/mL (Sharifi and Hazell, 2011). Ghalem and 

Mohamed (2009) determined the MIC of the 
resin oil of P. atlantica in different 
concentrations (0.1, 0.01, and 0.001 μg/ml). 

They proved that its values ranged from 3- 11 
μg/ml against E. coli, 1- 10 μg/ml against S. 
aureus, and 0– 8 μg/ml against S. pyogenes 

(Ghalem and Mohamed, 2009). In addition, 
Doosti (2019) investigated the antimicrobial 
effects of P. atlantica's gum against S. aureus, 
P. aeruginosa, E. coli, Candida albicans and 

Candida glaberata by disc diffusion, and then 
MIC, MBC, MFC was determined. The results 

revealed that S. aureus had the greatest 
inhibition zone diameter at a concentration of 5 
mg/ml while P. aeruginosa showed the least 
diameter of the inhibition zone at a 

concentration of 0.156 mg/ml. The lowest MIC 
and MBC for S. aureus were 5.312 and 625 
μg/ml, respectively. Among the fungi, the 

biggest diameter of the inhibition zone at a 
concentration of 5 mg/ml was related to C. 
albicans, and the smallest diameter at a 

concentration of 0.156 mg/ml was related to C. 
glaberata. C. albicans had the lowest MIC and 
MFC, 625 and 1250 μg/ml, respectively 
(Doosti, 2019). In another study, Mokhtari et al. 

(2021) compared the effects of the leaf extract 
and gum of p. atlantica (0/2 g/ml) with 0.2 % 
chlorhexidine (CHX) against the growth of 

Streptococcus mutans. The results 
demonstrated a 24-mm inhibition zone around 
CHX, but no inhibition zones were observed 
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neither of the extract nor the gum of P. atlantica 

against S. mutans. Furthermore, they declared 
that the MIC values for CHX, the leaf and gum 
extract of P. atlantica were 1.256, 1.8, and 1 

mm, respectively (Mokhtari et al., 2021). 
To the best of our knowledge, few articles 

have been published about the heat stability of 

essential oils. Pina‐Pérez et al. (2018) 

investigated the antimicrobial potential of Açaí 
(Euterpe oleracea), Ginseng (Panax 
quinquefolius L.), and Stevia (Stevia 

rebaudiana Bertoni) extracts treated with 
microwave, pulsed electric field, and 

conventional thermal treatment (90 C, 60 s) 

against sporeforming/ non‐sporeforming 

foodborne pathogens. The results pointed out 
that both microwave and pulsed electric field 
increased the antimicrobial potential of the 

extracts against vegetative and sporulated 
microorganisms; while the bioactive 
compounds of Açaí extract were sensitive to the 

conventional heating method and caused its 
antimicrobial activity to decrease. They 
declared that new lines of research should be 
opened regarding validation of the 

antimicrobial potential of these ingredients 
when integrated into real food matrices (Pina-
Pérez et al., 2018). 

However, some articles investigate the 
thermal stability of encapsulated essential oils. 
For example, Garcia-Sotelo et al. (2019) 
encapsulated rosemary essential oil within β-

cyclodextrin and proved that thermal stability 
and antimicrobial capacity of the encapsulated 
essential oil (Garcia-Sotelo et al., 2019). 

Fonseca et al. (2020) encapsulated the thyme 
essential oil with starch by electrospinning 
method and found that nanofibers with 5% 

Thyme essential oil retained up to 50% of the 

phenolic compounds after thermal treatment 
(Fonseca et al., 2020). Based on the mentioned 
articles, it seems that the encapsulation process 

is an effective solution in preserving the 
bioactive compounds of essential oils during 
thermal processing. 

 

Conclusion 
The results showed that both essential oils of 

O. decumbens and P. atlantica's gum have 

antimicrobial activity against examined 
microorganisms that are the leading cause of 
bread spoilage according to the MIC, MBC, 
MFC, and also disk diffusion test. Overall, the 

essential oil's content does not change 
significantly during the thermal process, so the 
authors declared that both oils were resistant to 

thermal processing (200C- 10 minutes). These 

essential oils have the potential to be employed 
at active film to preserve food products. The 
authors suggested that the essential oils of O. 

decumbens and P. atlantica gum could be used 
in food packaging, such as bread, and bakery 
products, and also in the formulation of bakery 
products to increase food safety and reduce 

food pathogens risks. 
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اسانس لعل کوهستان و صمغ بنه: ارزیابی خواص ضد میکروبی و شیمیایی در طی فرآیند 

 حرارتی

 
 5محبوبه سرابی جماب -4غلامحسین ظهوری -3حسین زمانی -*2مصطفی شهیدی نوقابی -1سید جواد حسینی

 06/02/1402تاریخ دریافت: 

 27/04/1402تاریخ بازنگری

 28/04/1402تاریخ پذیرش: 

 

 چکیده
 یعیطب یکروبیها به عنوان عوامل ضد متوان از آنیم نیدارند. بنابرا و بسزایی ر خوبتاثینامطلوب  یهاسمیکروارگانیمعمولاً در برابر م ی ضروریهااسانس
 10) یارتحر ندی( قبل و بعد از فرآلعل کوهستانو  بنه دو اسانس )صمغ یکروبیضد م اتیخصوص قیتحق نیها استفاده کرد. در اآن یبندبسته ای ییدر مواد غذا

 یجرم یسنجفیط -یگاز یها با کروماتوگرافاسانس باتیترک نیشده است. همچن یو کپک در نان بررس ی( در برابر فساد باکترگراددرجه سانتی 200 –قهیدق
 شاخص کیپ کیا ، تنهبنه. در مورد صمغ بودند یحرارت اتیقبل و بعد از عمل نیسیو الم مولیکارواکرول، ت لعل کوهستاناسانس  یاصل باتیشدند. ترک ییشناسا

در  (MFCکشی )کمترین غلظت قارچو (MIC)  کمترین غلظت ممانعت کنندگی هر دو اسانس، یبود. برا ننیپ-آلفادر کروماتوگرام مشاهده شد که مربوط به 
از کپک بود. مقدار  شتریب سیلیسوبت لوسیباسهر دو اسانس در برابر  یکروبیبود. اثر ضد م تریلیلیبر م تریکرولیم 8000و  4000 بیبه ترت جرینا لوسیآسپرژبرابر 

MIC  وMBC نینشان داد که ا جیبود. نتا تریلیلیبر م تریکرولیم 125و  5/62  بنه صمغ یو برا تریلیلیدر م تریکرولیم 250و  125 بیترتبهلعل کوهستان  یبرا 
 ر آسپرژیلوسدر براب بنهاسانس صمغ  یکروبیمضد تیبر فعال یداریمعن ریتأث یحرارت ندیفساد نان دارند. فرآ یاصل یهاسمیکروارگانیبر م یادوارکنندهیدو اسانس اثر ام

، کوهستان لعلسانس ا یکروبیضد م تیکه در مورد فعال یرا کاهش داد، در حال باسیلوس سوبتیلیس هیعل یکروبیمضد تیفعال یتوجهنداشت، اما به طور قابل نایجر
 اتیکه عمل یولاتدر محص یعیبه عنوان نگهدارنده طب بنهعامل فساد نان هستند، استفاده از اسانس صمغ  نیشتریها بکپک نکهیبرعکس بود. با توجه به ا جینتا

 شود.یم هیتوص یینانوا یهاکنند مانند نان و فرآوردهیرا تحمل م ییبالا یحرارت
 

 MBC/MFC، لعل کوهستان، گازیکروماتوگرافی ،بنه صمغ ،یحرارت یداریپا :یدیکل هایواژه
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Abstract 
The use of edible coatings has been considered as an effective solution to improve the shelf life and quality of fruits. 

In this research, increase in the shelf life of citrus fruits (Citrus aurantifolia cv. Mexican lime) coated with Persian gum 
and pomegranate seed oil was investigated. Different treatments of lemon fruit coated with Persian gum and pomegranate 
seed oil with concentrations (zero (control), 0.5% and 1% gum, combination of 0.5% and 1% gum and pomegranate seed 
oil, 0.05% and pomegranate seed oil 0.05 percent) were prepared and after 24 days of storage at ambient temperature (20 
± 2 °C and relative humidity of 50-60 percent) were statistically evaluated in the form of a completely random design 
with three replications. The results of this research showed that the treatments used had an effective role in controlling 
the weight loss of fruit during storage. Thus, the lowest percentage of weight loss was observed in the pomegranate seed 
oil treatment. Except pomegranate seed oil treatment, other treatments showed less TSS than the control. In most of the 
treatments, the content of phenol, flavonoid and antioxidant was at a higher level than the control. The average comparison 
results showed that the fruits coated with 1% gum (85.36 units/ml) showed significantly more peroxidase activity than 
the control (60.35 U/ml). Persian gum edible coating 1% and 0.5% as well as Persian gum 1% in combination with 
pomegranate seed oil significantly controlled the activity of polyphenol oxidase enzyme. The treated samples showed 
less yellowness (b*) than the control. In general, the best marketability was observed in fruits coated with 1% gum. 
Therefore, it is recommended to use this coating to preserve the freshness and quality of the Mexican lime fruit during 
storage in the environment. 

 
Keywords: Antioxidant, Edible coatings, Mexican lime, Postharvest 

 

Introduction1 

Lime (Citrus aurantifolia cv. Mexican lime) 
is an acidic citrus fruit of great economic 

importance, grown in tropical and subtropical 
regions, accounting for 5% of worldwide citrus 
production (Dunkersley et al., 2018). 

According to data from the World Food and 
Agriculture Organization, the cultivation area 
of citrus fruits is 9.3 million hectares and yields 
an annual production of 132 million tons. Iran 
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is ranked ninth in the world for lime production, 
while global lime production is estimated at 

approximately 21 million tons per year (FAO, 
2019). The color of the fruit is a crucial 
determinant of the quality and marketability of 
citrus fruits (Ma et al., 2023). Given the lime's 

economic importance, it's crucial to preserve its 
quality using environmentally-friendly 
techniques that benefit both people and the 
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planet, especially during long-term storage 

(Champa et al., 2020). 
Using edible coatings is a vital approach to 

reducing food waste and maintaining the 

quality of agricultural products (Ezati et al., 
2022; Otoni et al., 2017; Galus et al., 2020; 
Hoffmann et al., 2019). Immersing fruits in an 
edible coating form a thin layer on the fruit, 

which can enhance tissue quality, preserve 
color and volatile compounds, and inhibit 
microbial growth by reducing respiration and 

transpiration (Mahfoudhi et al., 2014). Natural 
coatings with antimicrobial agents, 
antioxidants, nutrients, flavorings, enzymes, 

and colors have been explored in various foods 
(Mohammadi et al., 2016; Motallebi et al., 
2017). To produce edible coatings, natural 
gums are a highly promising alternative due to 

their biocompatibility, cost-effectiveness, non-
toxicity, and wide availability (Salehi, 2020; 
Yun et al., 2022). A study by Shahbazi and 

Shavisi (2020) found that gum-based coatings 
and films significantly decreased microbial 
proliferation in bananas during storage. Guar 

gum coating enhanced the preservation quality 
of green mangoes and delayed their ripening 
(Naeem et al., 2018). However, limited 
research has been conducted on Mexican lime 

during storage, despite its increasing 
socioeconomic significance over time. Thus, 
this research aims to assess the viability of 

using an edible coating derived from Farsi gum, 
either alone or in combination with 
pomegranate seed oil, to enhance the storage 

quality of lime. 

 

Materials and Methods 
Lime (Citrus aurantifolia cv. Mexican lime) 

fruit in the mature green stage (when the fruit is 
juicier) was harvested from a commercial 
orchard in Hormozgan province, Rodan City, 
River section at geographical coordinates 

(57°29°E and 27°59°N) according to technical 
criteria. Only fruits with uniform size, absence 
of defects and mechanical damage were chosen 

for the experiment. The fruits were washed and 
then treated with a one-minute wash of 0.05% 
sodium hypochlorite solution to disinfect them. 

Preparation of Coatings 

Preparation of coating using Persian gum 
(acquired from Rihan Gam Persian Company) 
involved gradually dissolving the gum in water 

and stirring for 30 minutes at room temperature. 
The resulting solution was stored in a 
refrigerator for 24 hours. Two concentrations of 
Persian gum coating, 0.5% and 1%, were 

prepared. To create different coating 
treatments, glycerol (0.5% w/v), pomegranate 
seed oil (0.05% w/v), and Tween 80 were 

sequentially added to the prepared gum solution 
at room temperature. The treatments included a 
control, gum 0.5%, gum 1%, gum 0.5% and 1% 
with pomegranate seed oil 0.05%, and 

pomegranate seed oil 0.05%. Lime fruits were 
coated by immersion in coating solution at 
room temperature for 5 minutes, and after the 

surface coating dried, they were stored in 
disposable plastic containers for 24 days at a 
temperature of 20±2 °C and a relative humidity 

of 50-60% (Khaledian et al., 2021). Finally, the 
weight loss factor, soluble solids, phenol 
content, antioxidant, total flavonoid, peroxidase 
and polyphenol oxidase activity, peel color (a*, 

b* and L*), and marketability of lime fruits 
were evaluated. 
 

Weight Loss 

The fruits were weighed using a digital scale 
with an accuracy of 0.1 grams, and the 
percentage of weight loss was calculated using 
following formula (Dong and Wang, 2018): 

WL (%) = (w1-w2) ×100/w1                       (1) 
(WL: Weight loss percentage, Wl: Primary 

weight in grams, W2: Secondary weight in 

grams).  
 

Total Soluble Solids 
The Brix degree of the fruit juice was 

measured using a digital refractometer 
(DBR95, Taiwan) (Barry et al., 2004). 

 

Phenol Content 
To measure the phenolic content of the fruit 

juice, 0.5 mL of lime juice was mixed with 3 

milliliters of 85% methanol and kept in the 
refrigerator for 24 hours. Then, 150 µL of the 
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methanolic extract and 750 µL of Folin's 

reagent (10%) were added to the mixture and 
left for 5 minutes. Next, 600 µL of 7.5% sodium 
carbonate solution was added to the mixture, 

and the sample was placed on a shaker in the 
dark for 2 hours and then the absorbance was 
read using a spectrophotometer at 750 nm 
(Ordonez et al., 2006). 

 

Antioxidants activity  
The antioxidant activity of the fruit juice was 

measured using the 2,2-dipheny-1-
picrylhydrazyl (DPPH) free radical inhibition 
method. To do so, 30 µL of 85% methanol 
extract from the fruit and 1170 µL of DPPH 

(150 µmol) were combined and shaken for 1 
minute. After keeping the samples in the dark 
for 40 minutes, the absorbance was read with a 

spectrophotometer at 515 nm and the 
antioxidant activity was calculated using the 
following formula (Bourtoom, 2008). 

DPPH % = (Ablank- Asample / Ablank) × 100  
                                                                 (2) 

 

Total Flavonoids 

To measure flavonoids, 200 µL of 
methanolic extract was mixed with 600 µL of 
85% methanol, 40 µL of 10% aluminum 

chloride, 40 µL of potassium acetate, and 1120 
µL of distilled water and incubated at room 
temperature for 30 minutes. The absorbance 

was then measured using a spectrophotometer 
at 415 nm (Chang et al., 2002). 

 

Peroxidase and Polyphenol Oxidase Activity 

To prepare the extract, 500 µL of lime juice 
was mixed with a potassium buffer (pH: 7.4) 
containing 1 M EDTA and 1% PVP at 4 °C. The 

resulting mixture was centrifuged at 13,000 
rpm at 4° C for 20 minutes, and the supernatant 
was used to investigate the activities of 
peroxidase and polyphenol oxidase. 

The peroxidase enzyme activity of the fruit 
juice was measured using the method of 
Maehly and Chance (1954) with some 

modifications. In this method, 30 µL of the 
extracted sample was mixed with 1 mL of 
peroxidase solution containing 10 µmol of 

guaiacol, 5 µmol of hydrogen peroxide, and 50 

µmol of potassium phosphate buffer, and the 
absorbance was read at 470 nm for 1 minute. 
The extinction coefficient used to calculate the 

enzyme unit was equivalent to 26.6 mM-1Cm-1, 
and the peroxidase enzyme activity was 
expressed in U/ mL FW. 

For the measurement of polyphenol oxidase 

activity, pyrogallol was used as an enzyme 
precursor. The reaction mixture included 2.5 ml 
of potassium buffer (50 mM and pH 7), 200 μl 

of 0.02 M pyrogallol, and 100 μl of enzyme 
extract. The absorbance of the samples was 
measured at 420 nm after 3 minutes. The 

extinction coefficient used to calculate the 
enzyme unit was 6.2 mM-1Cm-1, and the 
polyphenol oxidase enzyme activity was 
expressed in U/ mL FW. 

 

Peel color and Marketability 
The peel color of the fruit was measured 

using a colorimeter (Minolta CR400, Japan) 
based on the color characteristics L*, a*, and b* 
(Zhou et al., 2010). The evaluation of the 
marketability of fruits was done according to 

the appearance characteristics of the fruits and 
the scoring method. The grading criteria 
included aroma, color uniformity, dryness, 

rotting, and the appearance of the fruit, and 
scores from 1 to 5 were assigned to them. 1- 
poor, 2- average, 3- good, 4- very good, 5- 

excellent. Asghari and Aghdam, 2010). 
 

Statistical Analysis 
The experiment was conducted using a 

completely randomized factorial design with 
three repetitions, and each repetition included 9 
fruits. The data were analyzed using SAS 

software version 9.4, and the means were 
compared using the LSD test at a significance 
level of 5%. 
 

Results and Discussion 

Fruit Weight Loss  
The results of the analysis of variance 

showed that the treatments had a significant 

effect on preventing weight loss of lime fruit 
during storage (24 days) at a probability level 
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of 1%. The pomegranate seed oil treatment 

(12.5%) had the greatest effect (Fig. 1). The 
reduction in fruit mass during storage can be 
attributed to the loss of water content resulting 

from alterations in surface transfer resistance 
towards water vapor, alongside variations in 
respiratory activity and the emergence of 
minute apertures that facilitate the exchange of 

atmospheric gases between the interior and 
exterior environments (Shahid and Abbasi, 
2011). To prevent post-harvest weight loss, 

regulating the factors that trigger metabolic 

activity in fruit tissue is imperative. Coatings 

can be an efficient barrier against carbon 
dioxide, oxygen, and moisture, curtail 
respiration, and minimize water loss and 

oxidation reactions (Dong and Wang, 2018). 
Studies have shown that the use of gum Arabic 
coatings on guava (Murmu and Mishra, 2017) 
and banana (Maqbool et al., 2011) fruits at an 

ambient temperature effectively maintained 
fruit weight, which is consistent with our 
results. 

 

 
Fig. 1- The effect of Persian gum edible coatings, Persian gum in combination with pomegranate seed oil and 

pomegranate seed oil on the weight loss of lime fruit stored at ambient temperature 

 The same letters have no significant difference with each other at the probability level of p≤0.05. 

 

Total Soluble Solids (TSS) 
The analysis of variance showed that the 

treatments had a significant effect on the 
dissolved solids at a 1% probability level. The 

gum treatment of 0.5% (6.5%) had the lowest 
soluble solids compared to the control (7.9%) 
(Fig. 2). The quantity of dissolved substances in 

fruit is a key marker of fruit maturation 
(Kazemi et al., 2011). The increase in soluble 
substances during storage is due to hydrolysis 
of starch to sugar (Wang et al., 2013). Storage 

leads to increased concentration of dry matter 
and destruction of the cell wall, resulting in a 
rise in soluble solids and a decrease in fruit 

juice content (Khorram et al., 2017; Dhall, 
2013). Edible coatings can prevent the 
escalation of soluble solids in fruit by reducing 
respiration, altering the internal fruit 

atmosphere, and increasing carbon dioxide 
while decreasing oxygen and ethylene (Dong 
and Wang, 2018). During storage, organic acids 

degrade more rapidly than sugars, resulting in 
slight sweetness in the fruit (Razzaq et al., 
2014). Blood oranges (Habibi and Ramezanian, 

2017), oranges (Rasouli et al., 2019), and limes 
(Atrash et al., 2018) have shown an increase in 
the soluble solids. 
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Fig. 2- The effect of Persian gum edible coatings, Persian gum in combination with pomegranate seed oil and 

pomegranate seed oil on soluble solids of lime fruit stored at ambient temperature 

 The same letters have no significant difference with each other at the probability level of p≤0.05. 

 

Phenol 
The variance analysis of data showed that all 

treatments had a significant effect on lime 

phenol at a 1% probability level. The 0.5% gum 
treatment with pomegranate seed oil (4.01 
mg/g) had significantly higher phenol content 
than the control (1.9 mg/g) (Fig. 3a). Previous 

research on tomato (Uckoo et al., 2015) and 
papaya (Addai et al., 2013) showed that the use 
of gum Arabic retained phenolic compounds in 

the plants, which is consistent with our results. 
Similarly, previous research on blood orange 
(Habibi and Ramezanian, 2017), orange 
(Rasouli et al., 2019; Khorram et al., 2017), and 

guava (Nair et al., 2018) were also observed the 
effects of using food coatings in maintaining 
phenol content. 

 

Antioxidants activity  
The variance analysis of the data showed 

that the interaction effect of the treatments on 
the lime antioxidant activities was significant at 
a 1% probability level. The 0.5% and 1% lime 
gum treatments with 8.57% and 3.22% 

pomegranate seed oil had a higher content of 
antioxidants compared to the control (Fig. 3b). 
The increased antioxidant activity in these 
fruits can be attributed to their higher total 
phenol content, as there is a positive correlation 
between the quantity of phenol and antioxidant 
activity (Khaliq et al., 2016). Habibi and 
Ramezanian (2017) showed that antioxidant 
activity and phenol levels shift in parallel over 
the course of storage, as the generation of free 
radicals in fruits due to aging and stress prompts 
the deployment of antioxidants by fruit cells to 
counteract their deleterious effects. Thus, 
interventions that reduce respiration, alleviate 
stress, mitigate aging, and preserve the cellular 
concentration of antioxidants may be effective 
(Asghari and Aghdam, 2010). Nair et al. (2018) 
and Shah et al. (2015) demonstrated that the 
implementation of alginate coating on guava 
and tangerine, preserved antioxidant activity, 
which is consistent with the outcomes 
presented in this research. 
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Fig. 3- The effect of Persian gum edible coatings, Persian gum in combination with pomegranate seed oil and 

pomegranate seed oil on a) phenol, b) antioxidant and c) flavonoid of lime fruit stored at ambient temperature 

 The same letters have no significant difference with each other at the probability level of p≤0.05. 

 

Flavonoid 
The analysis of variance showed that the 

effect of treatments on the amount of lime 
flavonoids was significant at a 1% probability 
level. The 1% gum treatment had a higher 
flavonoid content in lime fruit (1 mg/g) 

compared to the control (0.57) (Fig. 3c). 
Flavonoids and other phenolic compounds play 
a crucial role in the non-enzymatic antioxidant 

network, protecting against the harmful effects 
of free radicals and reducing oxidative stress 
(Shamloo et al., 2015). Lime contains a 

considerable of flavonoids, including 
naringenin, diosmin, and hesperidin, primarily 
present in its juice. Flavonoids, which are 
polyphenolic compounds, are released as part 

of the plant's defense mechanism, and 
hesperidin plays a significant role in this 
process (Uckoo et al., 2015). 

 

Measurement of Peroxidase and Polyphenol 

Oxidase Activity 
The analysis of variance showed that the 

activity of peroxidase, a polyphenol oxidizing 
enzyme in lime, was significant at a 5% 
probability level. The highest peroxidase 

activity was observed in the 1% gum treatment 

(85.3 units/ml), and the lowest was observed in 
the control treatment (60.3 units/ml) (Fig. 4a). 

No significant difference was observed 
between the other treatments. The lowest 
polyphenol oxidizing enzyme activity was 

observed in the 1% gum treatment (61.5 
units/ml), while the highest was observed in the 
control treatment (101 units/ml) (Fig. 4b). 
Phenolic compounds are synthesized at an 

increased rate during the ripening process, but 
their levels decreased as the fruit approaches 
senescence. The contribution of phenolic 

compounds to fruit quality and phytochemical 
levels is significant (Shamloo et al., 2015), and 
their overall variation is influenced by genetics, 

temperature, and environmental conditions 
during post-harvest (Rasouli et al., 2019). 
Phenolic compounds in fruits directly correlate 
with their antioxidant capacity, and a decrease 

in phenolic content results in a decrease in 
antioxidant activity (Shiri et al., 2011). Edible 
coatings alter the fruit's atmosphere, increasing 

the concentration of carbon dioxide and 
reducing respiration and the rate of phenol 
oxidation reactions and polyphenol oxidase 
enzyme activity (Asghari and Aghdam, 2010). 

Polyphenol oxidase and peroxidase are crucial 
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enzymes in plant defense mechanisms that 

contribute significantly to their ability to resist 
pathogenic attacks (Babu et al., 2015). These 
defense mechanisms play a critical role in 

preserving fruit quality after harvesting (Zheng 
et al., 2011). Peroxidase, the primary 

antioxidant enzyme in plants, impedes the 

accumulation of free radicals and works 
synergistically to inhibit their formation, 
promoting overall plant health (Kou et al., 

2014). 

 

 
Fig. 4- The effect of Persian gum edible coatings, Persian gum in combination with pomegranate seed oil and 

pomegranate seed oil on a) peroxidase, and b) polyphenol oxidase of lime fruit stored at ambient temperature 

 The same letters have no significant difference with each other at the probability level of p≤0.05. 
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Peel Color Index 
The analysis of variance showed that the lime 

peel color index was significant at a 1% 
probability level. Immersion of lime fruit in the 
treatments decreased the L* index of lime peel 
color during the storage period (24 days). The 
combined treatment of 1% gum and pomegranate 
seed oil decreased the L* index of lime fruit 
compared to the control (Fig. 5a). The a* index 
increased with the storage period, indicating that 
the fruit became yellower (more positive a* 
value) as it ripened. After 24 days of storage, the 
highest amount of a* index was positive in all 
treatments except for pomegranate seed oil (Fig. 
5b). The treatment of 0.5% gum and the 
combination of 1% gum with pomegranate seed 
oil decreased the b* index compared to the control 
(Fig. 5c). The b* index (yellow color) of the fruit 

peel increased during the storage time due to the 
decrease in chlorophyll and the increase in 
carotenoid as the fruit ripened. This is consistent 
with the results of a study that used guar gum and 
chickpea starch coating to increase the shelf life 
of Valencia oranges (Saberi et al., 2018). The peel 
color of lime fruit is an important quality 
parameter that affects consumer choice, and the 
L*, a*, and b* indexes are used to evaluate fruit 
color (Nair et al., 2018). The polyphenol oxidase 
enzyme affects the fruit color by increasing the 
amount of brown color (L*) in the fruit (Nunes et 
al., 2005). The increase in a* during storage is the 
result of fruit ripening and aging and the speed of 
the non-enzymatic process of browning in the 
fruit (Etemadipoor et al., 2019). Visual 
appearance and freshness are key factors in 
determining the external quality of limes 
(Asencio et al., 2018). 
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Fig. 5- The effect of Persian gum edible coatings, Persian gum in combination with pomegranate seed oil and 

pomegranate seed oil on a) L *, b) a * and c) b * lime fruit stored at ambient temperature 

  The same letters have no significant difference with each other at the probability level of p≤0.05. 

 

Marketability 

Appearance is the most crucial factor in 
determining the evaluation and marketability of 
a product. The 1% gum treatment was the most 
marketable among the various treatments. 

Although pomegranate seed oil effectively 
controlled fruit weight loss, it was not 
marketable due to the effect on browning of the 

fruit peel. The control fruits exhibited the 

lowest level of marketability. The quality of 
fruits, such as color uniformity, firmness, and 
absence of decay, is crucial in maintaining 
quality and facilitating export to distant 

markets. The impact of treatments on 24 days 
of lime fruit storage can beobserved in Fig. 6. 
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Fig. 6- a) Treated fruits after 24 days of storage b) Comparison of treatment combinations (control, 0.5% gum, 

1% gum, 0.5% gum with pomegranate seed oil, 1% gum with pomegranate seed oil, pomegranate seed oil) on the 

marketability of Mexican lime 

 

Conclusion 
Persian gum and pomegranate seed oil 

coatings can retain the peel color, marketability, 

fruit phenol content, and soluble solids of 
Mexican lime at ambient temperature. These 
coatings are recommended as a substitute for 
chemical compounds to ensure storage quality. 

The addition of 1% gum in conjunction with 
pomegranate seed oil resulted in a significant 
increase in peroxidase and flavonoid levels 

compared to the control group. The 0.5% gum 

treatment, which incorporated pomegranate 
seed oil, showed a decrease in the concentration 
of soluble solids and polyphenol oxidase 

compared to the control group. As gum-based 
coatings and films for consumption are still in 
the developmental phase, future investigations 
should focus on creating prototypes. It is 

predicted that researchers will be able to 
overcome fundamental obstacles and develop 
appropriate skills to enhance edible films and 

coatings for food products. 
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شده با روغن دانه انار بر کیفیت لیموترش مکزیکن لایم صمغ فارسی غنیاثر پوشش خوراکی 
(Citrus aurantifolia) 

 
 *3سمیه رستگار -2سهیلا آقایی درگیری -1محبوبه محمدی

 27/02/1402تاریخ دریافت: 

 04/04/1402تاریخ بازنگری

 10/04/1402تاریخ پذیرش: 

 

 چکیده
 یهاوهیم یعمر ماندگار شیافزا ق،یتحق نیآنها مورد توجه قرار گرفته است. در ا تیفیو ک وهیبهبود عمر م یموثر برا یها به عنوان راهکارتفاده از پوششاس

ترش با مویمختلف ل باتیرکشد. ت یو روغن دانه انار بررس صمغ فارسی( با پوشش (Citrus aurantifolia cv. Mexican lime مکزیکن لایم ترش مویل
 روغن صمغ فارسی با درصد 1 و درصد 5/0 بترکی صمغ فارسی، درصد 1 و درصد 5/0مختلف )صفر )کنترل(،  یهاوغن دانه انار با غلظتو ر صمغ فارسیپوشش 

درصد(  60-50 یو رطوبت نسب گرادسانتی درجه 2 ± 20) یطیمح یدر دما یروز نگهدار 24شده و پس از  هتهی( درصد 05/0و روغن دانه انار به تنهایی  انار، دانه
 وهینترل افت وزن مدر ک یاستفاده شده نقش مؤثر یمارهاینشان داد که ت قیتحق نیا جیقرار گرفتند. نتا یابیمورد ارز یسه بار به صورت طرح کاملاً تصادف کراربا ت

 زانیز ما یمقدار کمتر مارهایت ریانار، سا دانهروغن  ماریروغن دانه انار مشاهده شد. به جز ت ماریدرصد افت وزن در ت نیکمتر ن،یداشتند. بنابرا یدر طول نگهدار
نسبت به گروه  یدر سطح بالاتر دانیاکسیو آنت دیفنل، فلاونوئ یمحتوا مارها،یت شتری( نسبت به گروه کنترل نشان دادند. در بTSS) یریگمحلول جامد قابل اندازه

 یرا به طور قابل توجه دازیپراکس تی( فعالتریلیلمی/واحد 36/85) صمغ فارسی درصد 1با  شدهپوشش داده  یهاوهینشان داد که م نیانگیم سهیامق جیکنترل بود. نتا
یپل میآنز تیفعال توجهی قابل طور به انار دانه روغن همراه به درصد5/0 و درصد 1 صمغ فارسی( نشان دادند. پوشش تریلیلیواحد/م 35/60از گروه کنترل ) شتریب

 یهاوهیر مد یریبازارپذ تیقابل نیبهتر ،ینسبت به گروه کنترل نشان دادند. به طور کل ی( کمتر*b) یزرد زانیشده م ماریت یهارا کنترل کردند. نمونه دازیاکس فنول
در  یدر طول نگهدار یکیترش مکز مویل وهیم تیفیو ک یحفظ تازگ یپوشش برا نیستفاده از اا بنابراین .شد مشاهده درصد 1 صمغ فارسیپوشش داده شده با 
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