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Abstract: The dried mulberry (Morus alba) is among the fruits that occurrence a high risk of storage
pests due to its high sugar content. Coating materials slow down the chemical spoilage that will occur
in foods. The effect of the coating material used in the study on mulberry and Drosophila melanogaster
was determined. The insect’s weight, texture, and biochemical analysis (Total oxidant- TOS; total
antioxidant levels-TAS; oxidative stress index-OSl; Glutathione-S-transferase-GST and Catalase-CAT
enzymes) were determined as a result of the application. In terms of weight, it was observed that the
weight of individuals fed with 1% chitosan-coated mulberry was higher in female and male individuals.
In terms of texture, the highest hardness was measured in males fed 0.2% chitosan and females fed 1%
chitosan. Because of the biochemical analysis, the insect does not create resistance. The GST, CAT and
TAS enzymes are synthesized close to normal. The OSI is low without increasing TOS, indicating that
1 and 2% coated mulberries are usable in environments and insects.
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1. Introduction

Packages used to preserve foods can be plastic, tin, glass, cardboard, and edible
films/coatings (EC) are also preferred. When these natural coatings are consumed by forming
a semi-permeable membrane in products, they are said to be usable in terms of humans, nature,
and the environment [1]. Polysaccharides, fat, and proteins are used as the main component in
the formation of EC according to their biological resources. Although EC is highly preferable
because it does not carry carcinogenic risks and does not generate waste [2], its commercial
use is limited due to its poor mechanical and barrier properties [3]. Among EC, chitosan, a
polysaccharide structure, is used as a coating material on many different foods [4,5].

Today, studies on the effects of foods such as EC on the environment and human beings
are common. For this purpose, model organisms are used in studies to make accurate
predictions about living things and the environment [6-12]. Drosophila melanogaster Meigen
is among the living beings preferred in determining the effect of EC applied on foods [12]. In
addition, insects, which are seen as biological contamination elements in foods, cause losses
by affecting the product’s taste, appearance, smell, etc., properties. In insects, besides having
their defense mechanisms (antioxidant enzymes) against internal and external factors such as
vertebrates, they can also develop an adaptation that can protect their generation by creating
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resistance [13]. Glutathione-S transferase enzyme (GST) and insect texture are preferred in
determining resistance.

For this purpose, the mulberry (Morus alba L.), which is one of the fruits with high
sugar content, was left in the nutrient medium of D. melanogaster by spraying with chitosan.
Weight, texture, total oxidation, and antioxidant enzyme amounts were determined in the adult
insects with feeding trials.

2. Materials and Methods

0.2-2% chitosan (with 1% acetic acid and 0.5% glycerol) solution prepared according
to the method of Carbonell-Capella et al. [14] on commercially available mulberries (M. alba);
It was used by spraying [14-16]. All chemicals were supplied from Sigma-Aldrich. 0.2-2%
chitosan solution (with 1% acetic acid) was prepared by homogenization for one hour at 40°C
and ultrasonic washing for 30 min [15,16]. The chitosan solution was coated on the entire
surface of the dried mulberry by spraying method (airbrush-Artos Power).

D. melanogaster (Oregon) culture has been grown in the laboratory of the University
with an artificial diet [17] since 2014 (60-70% humidity and 25 + 2°C). Standard food
developed by Roberts [18] is used in the nutrition of culture.

For 9 groups, 450 individuals of the same age, newly matured and unpaired, were
divided into 50 individuals (female: male) in each bottle. The food was replaced every 2 days
so that the dead insects were removed from the trial design and monitored for 30 days [19].
Groups; Control groups (1st group only insect, 2nd group mulberry feeding insect, 3rd glycerol
coated mulberry-feeding group), group without the chitosan EC (4-6 groups) insects were
feeding only 0.2-2% coating material), with the chitosan EC group (7-9 groups) Insects that
feed only on mulberries covered with 0.2-2% coating material). Individuals fed only with the
addition of glycerol added to insect food for control were not shown in text graphics.

Before and after the experiment, 4 females and 4 males were selected from each trial
design, and their weights were weighed (Ohaus PA-214C) and their averages were taken.

For texture analysis, after obtaining permission from University Food Engineering
Department, a textured device was used. Texture profile analysis (TPA) was performed on
insects using a textured device (Texture Analyzer TAXT2I; stable microsystems) with at least
10 individuals each. A 5 mm diameter penetration probe was used for TPA; The hardness in
the insect was determined as the maximum force applied in the first compression, with a
loading weight of approximately 2 mg and a distance of 0.1 mm. Because of the 10-50% strain
penetration application, it was decided that 10% was the most suitable [20].

20 individuals switched to biochemical analysis after extraction with cold
homogenization buffer in ultrasonic homogenizer [21]. By using Baran medical, Rel Assay
Diagnostics Kit, Total antioxidant levels of the samples (TAS; umol Trolox Eg/L) at 660 nm
(Biochrom Libra S22) using a spectrophotometer; Total oxidation levels (TOS; pmol
H202Eq/L) were measured at 530 nm [22,23]. Samples were calculated based on the standard
formula stated in previous studies. The TOS/TAS levels and the Oxidative stress index OSI
were determined [22]. The activity determination of the catalase (Enzyme nomenclature
1.11.1.6) enzyme was made by the method developed by Aebi [24] using commercially
obtained kits (Rel Assay Diagnostics, Catalase (CAT) from Baran Medical. Enzyme activity is
given in units of umol/mg protein/min. The determination of glutathione-S-transferase
(Enzyme nomenclature 2.5.1.18) was made according to the method developed by Habig et al.
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[25]. Enzyme activity was calculated as the amount of thioether generated per 1 mg of total
protein in the supernatant at 340 nm (340: 9.6 mM/cm) for 1 min. In addition, the specific
activity of the enzyme was given as pumol/mg protein/min.

Duncan Multiple Comparison Test was used to determine the difference between the
applications in the analysis results of the samples, and the statistical package program (LSD
and Duncan test) was used to determine the difference between the averages of the groups with
homogeneous and normal distribution. The comparison was made using a one-way analysis of
variance (ANOVA) to determine the difference between groups. Texture analysis was
performed in two replications and the other experiments in three replicates, the significance of
the means is shown in figures at the 0.001, 0.05, and 0.01 probability levels, and standard errors
(SE) are given.

3. Results

The study determined the effect of the coating material by transferring the female-male
individual: It was determined that the egg-laying was less, and there was no larval development
on the mulberries on which the coating material was applied.

3.1. Weight and texture analysis.

Females fed with control food (1st group) (1.85 + 0.01 mg) weigh more than males
(0.73 £ 0.01 mg) [26-28]. When the weights of insects fed with EC mulberries (7-9" Group)
were examined, it was observed that female individuals fed mulberries (8" group) coated with
1% chitosan solution had the highest weight (4.00 + 0.02 mg) ( Figure 1.a). The weight was
found to be the lowest (0.25 mg) in females fed with 0.2% and 1 chitosan. It was determined
that individuals fed with 1% chitosan (2.25 £ 0.01 mg) were the heaviest in males. The
bodyweight of men fed with 0.2% chitosan and the chitosan-coated product was the lowest
(0.10 £ 0.01 mg). While the correlation was not observed between the weight of individuals
and nutritional products in females, a positive correlation was observed in males due to the
increasing concentration (Figure 1).
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Figure 1. (a) Weight in Adult Individuals and, (b) Texture analysis (* p <0.05, ** p <0.01, ***
p <0.001) According to Figure 1.b, it can be said that the most stiffness in male individuals is
in individuals fed with chitosan at a rate of 1% (45.516 = 0.2 N). In females, it was determined
that the highest hardness was found in samples fed with mulberries covered with 0.2% chitosan
solution (30.574 £ 0.2 N).

https://biointerfaceresearch.com/ 4222


https://doi.org/10.33263/BRIAC123.42204229
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.42204229

3.2. Biochemical analysis.

According to Figure 2.a, TOS activity in female individuals is measured at the same
level in insects fed with EC (0.06 umol/L), and the lowest level was found in insects fed with
2% chitosan solution (6™ group). TAS activity is highest in female individuals fed mulberries
covered with chitosan solution and glycerol (1.20 umol/L), it has decreased to 0.10 umol/L in
samples fed only with mulberry. According to the oxidative stress index, the highest stress after
the control group was measured in female insects fed only mulberry (0.92 pumol/L). TOS
activity in the male that compared to the control group (Figure 2.b) was measured highest in
male individuals fed only mulberry (2.61 umol/L). The lowest TOS activity is seen in male
individuals (6™ group) fed with 2% chitosan solution (1.30 umol/L). The highest TAS activity
was measured in individuals fed mulberries covered with 1% chitosan solution (5™ group) and
decreased by 1.00 umol/L in individuals fed the only mulberry. According to the oxidative
stress index, the highest stress was measured in male individuals (7" group) fed mulberries
coated with 0.2% chitosan solution (0.81 pmol/L). In male individuals provided with chitosan
solution, stress was observed to decrease from 0.65 pmol/L to 0.22 according to the solution
rate (Figure 2.b).
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Figure 2. (a) Change of total oxidation (TOS) and total antioxidant capacity (TAS) and oxidative stress index
(OSI) in female fly, (b) Change of total oxidation (TOS) and total antioxidant capacity (TAS) and oxidative
stress index (OSI) in male fly, (c) Antioxidant-resistance enzyme (GST) in adult individuals of the insect, (d)
Catalase enzyme (CAT) in females and males (* p <0.05; F = 3.01 ** p <0.01; F = 4.72 *** p <0.001) (df; 26).

Fluctuations were determined in insect resistance enzyme depending on the chitosan-
coating (Figure 2.c). It can be said that there is an increase (6.03 pmol/mg protein/min) in male
subjects (9" group) fed mulberries covered with 2% chitosan solution compared to other
samples. The highest GST activity in females was measured in insects fed with chitosan-coated
mulberries (7" group) at a rate of 0.2%, and decreased to 2.35 (umol/mg protein/min) in
females individuals fed the only mulberry. In males, the highest GST activity was measured in
insects that only feed on mulberry (7.29 umol/mg/protein/min). The lowest resistance in males
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was determined in insects fed with 1% chitosan-coated mulberry (3.3 pmol/mg protein/min)
(Figure 2.c). Although fluctuations are observed in the CAT enzyme activity values of the fly,
there is no positive or negative correlation (Figure 2.d). It was determined that the highest CAT
activity was found in insects fed with 1% chitosan-coated mulberry in females (35.14
pmol/mg/protein/min) and males (41.01 pmol/mg/protein/min) individuals (Figure 2.d ).

4. Discussion

Spoilage and losses have occurred on food during storage, but these situations can be
reduced by appropriate storage and storage methods [29]. EC, which is a preferred method to
prevent product losses; it is frequently applied to the fruits and is used to keep oxygen, carbon
dioxide, and lipid passages under control, to reduce the loss of taste and aroma substances, to
keep antioxidants, antimicrobial substances, pigments, ions and vitamins in the product, stop-
browning reactions in the product and to improve food quality and shelf life [30,31]. EC is used
as an efficient moisture barrier to reduce water loss, especially in fresh and frozen foods [32].
Thus, the development of insects [33,34], which are important storage pests, can be limited in
products stored where warehouses with moisture content below 10% [29]. Water-dependent
and independent quality of life may change in insects [35]. The product may cause the insect’s
negative effect on larval nutrition and development with reduced moisture of the EC applied
on the mulberryBecause the hardness of the fed product can change the feeding behavior of the
insect [36]. D.melanogaster is widely used as a model to study obesity, metabolic syndrome,
diabetes, dietary cardiovascular diseases, and others [37-41]. Insects are models that do not
require ethics and can be followed up quickly to evaluate their feeding habits and understand
their metabolic and genetic mechanisms. Nutrition is associated with growth development,
longevity, and chitin synthesis by affecting metabolism [42]. Because the fly changes the
synthesis of chitin against the nutrient components and the environment, this causes an increase
or decrease in its hardness [12, 42-44]. For this reason, the EC used in the study causes changes
in the external tissue structure during nutrition (Figure 1; p <0.001): In the study, it was
determined that the stiffness in female individuals approached the normal level with the
proportional increase of EC, and there was a disproportionate increase and decrease in hardness
in male flies (Figure 1). Chitosan-coated Ahlat has increase fly hardness [36], which supports
the decrease seen in the texture of the female individuals in the study. The source of sugar taken
in the diet, nutritional components, or hunger is affected by the insect’s weight [34,35]. The
study determined that females were heavier than males and females were harder in texture
(Figure 1). As the weight increases, the texture increases in direct proportion. According to the
microscopic observations made, it is thought that the increased hardness in the female fly is
due to the effect of the egg-laying tube and the inability to lay eggs. In males, weight gain was
the most in those fed with 2% EC with increasing concentrations (9" group). Thus, EC reduces
reproduction, but studies also support the insect’s effects on the living creature, depending on
the OSI results [12,45,46].

Macromolecules such as protein, fat, carbohydrate taken in the diet; body size is
important in terms of viability, the oxidant mechanism that develops due to aging and nutrition
[27,47-50,34]. Insects have oxidized substances that cause Reactive Oxygen Species formation
thanks to their metabolism or nutritional content to survive in an unsuitable environment with
the same mechanism [51-53]. Because antioxidants in products consumed in the diet are
important factors for human health, target/non-target organisms and fruit quality. Eukaryotic
organisms have an antioxidant enzyme system to protect them from the harmful effects of
https://biointerfaceresearch.com/ 4224
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oxidative radicals [54-57]. While the calorie restriction decreases the insect’s weight, it extends
the life span and increases the antioxidant enzymes [58, 21]. GST is expressed as a defense
system that includes enzymatic and nonenzymatic antioxidants. Antioxidant and GST enzyme
activities are higher in men than in women [34]. However, in male male individuals in the
study, nutritional resistance was reduced with coated mulberries, and resistance returned to
normal values in EC mulberries with 2% chitosan solution (Figure 2; 9" group). However,
feeding mulberry with 0.2% coated mulberry (7" group) shows that it can be used for storage
pests (target) because feeding females increase resistance [59]. We should say that the use of
small amounts of YK applied for non-target organisms is not appropriate. In addition, the
female flies that consume more food than males are more prone to ATP consumption during
lipogenesis, which is protection against calorie overload [38]. It suggests that GST enzyme
activities are more affected.

Examination of CAT activity in 10-day-old adults in the study is due to the antioxidant
enzyme and expresses the insect’s response to dietary oxidation with nutrition and aging.
Although CAT activity increased in female individuals fed mulberries with YK, a decrease in
the same activity was determined in male individuals (Figure 2). A study conducted with M.
oleifera leaf extract stated that the insect significantly increased its GST and CAT activities,
while its SOD and malondialdehyde activity decreased [60]. Instead of evaluating a single
antioxidant against stress, the stress response is calculated according to OSI by using the TOS-
TAS mechanism [50]. The study determined that TOS activity was the lowest in female
individuals, and the highest TAS activity (excluding the glycerol group) was found in insects
fed with 2% chitosan solution (6th group). In male individuals, 2% chitosan coating (6" group;
p <0.001) has the opposite effect of females. The TAS activity of male subjects (group 8) fed
with mulberries coated with 1% chitosan solution was the highest. A decrease in stress (OSI)
was observed in female and male adults fed with mulberries (9" group) with 2% EC coated.

5. Conclusions

The closest texture analysis of mature insects fed with mulberries covered with 1 and
2% has enabled us to determine the EC as the most appropriate usage rate for flies. This result
shows that the use of chitosan as a coating material in dried and sugary fruits is suitable for
nature-environment-non-target organisms. In addition, it is thought that low EC can be used to
reduce the reproduction of the pest that is seen as a target.
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