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Research Article ABSTRACT

Article H_iStOWS The purpose of applying coating methods in the study is to slow down the
iiii'pvfeii 33‘83582% chemical deterioration that will occur in foods. The effect of the model
Published online: 18.07.2022 organism, which is considered as a warehouse pest, on the coated mulberry

was determined. At the end of storage, weight, texture and sensory analyzes
of the fruit were made. Sensory analyzes were evaluated by 20 semi-trained

Keywords: panelists in terms of color, appearance, hardness, taste, smell, general taste.
Edible coating . . . .

Morus alba In terms of weight, it was observed that the weight of 1% chitosan coated
Drosophila melanogaster mulberries was higher. In terms of texture, although the groups were
Sensory analysis statistically similar (p>0.05), it was determined that the hardness of the

samples in the environment with storage pests decreased somewhat.
According to sensory data, it was determined that the panelists had a positive
approach towards 0.2% coated mulberry. As a result, the edible coating is
considered to be useful for mulberries.

Kitosan Bazh Yenilebilir Film ve Kaplama Materyalinin Kurutulmus Dut Uzerindeki Etkisinin

Degerlendirilmesi

Arastirma Makalesi

(074
Makale Tarihgesi: Kaplama yontemlerinin ¢alismada uygulanmasindaki amag, gidalarda
E§E3|t?;;?ﬁ}-2()6§03222()()2212 olusacak kimyasal bozulmay1 yavaslatmaktir. Depo zararlis1 olarak
Online Yaymlanma: 18.07.2022 degerlendirilen model organizmanm kaplamali dut {izerine etkisi

belirlenmistir. Depolama sonunda meyvelerin agirlik, tekstiir ve duyusal
analizleri yapilmistir. Duyusal analizler 20 yar1 egitimli panelist tarafindan

Anahtar Kelimeler:

Yenilebilir film renk, goriiniim, sertlik, tat, koku, genel tat agisindan degerlendirilmistir.
Morus alba Agirlik olarak ise %1 kitosan kapli dutlarin agirligmin daha yiiksek oldugu
Drosophila melanogaster goriillmiigtiir. Tekstiir agisindan gruplar istatistiksel olarak benzer olmasina

Duyusal analiz ragmen (p>0,05), depolama zararlilarinin bulundugu ortamda orneklerin

sertliginin bir miktar azaldig1 tespit edilmistir. Duyusal verilere gore
panelistlerin %0,2 kaplamali duta olumlu yaklastiklar: belirlenmistir. Sonug
olarak, yenebilir kaplamanin dutlarda kullanilabilir oldugu diistiniilmektedir.

To Cite: Giines E., Ergetin HK. Evaluation of the Effect of Chitosan-Based Edible Film and Coating Material on Dried
Mulberry. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2022; 5(2): 885-896.
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1. Introduction

Mulberry is native to China, although in many parts of Asia; it is widely grown in Japan, Korea,
Manchuria, India, Pakistan, Iran and Anatolia (Gokmen, 1973; Ozbek, 1977; Baskaya, 2013).
Therefore, mulberry is grown as a suitable product for many soil and climatic conditions. In the
records of FAO (Food and Agriculture Organization), although the mulberry production fluctuates by
years, it is stated as 69,317 tons in 2020 (Anonim, 2020).

Widely consumed mulberry varieties are Morus nigra L. (Black Mulberry), Morus rubra L. (Purple
Mulberry), Morus alba L. (White Mulberry) and Morus levigata (Finger Mulberry) (Imran et al.,
2010).

Mulberry is produced in every region of Turkey, except for six provinces (Kahramanmaras,
Adiyaman, Elaz1g, Erzincan, Malatya and Tokat) where production is insufficient to be included in
statistics. According to TUIK statistics, the total mulberry production in Turkey in 2020 was 66.647
tons (TUIK, 2020). It has been stated that white mulberries account for 95% of all mulberry species
cultivated in the country, while red mulberries account for 3% and black mulberries account for 2%
(Ercisl, 2004; Orhan, 2009).

Fruit is a frequently consumed product in Turkish cuisine. Simultaneously, mulberry fruit has an
important place in the production of fruit pulp and kdme products, which are traditionally made and
commercially produced today (Savkay, 2000; Efendi, 2005; Yildiz, 2013; Yerasimos, 2014; Akkor,
2014; Guldemir, 2016; Kuzucu, 2016). In addition, products such as molasses, jam, mulberry paste,
ice cream production, walnut sausage, vinegar, fruit juice concentrate, spirit are also produced from
the fruit (Serceoglu, 2014). Mulberry fruit can be consumed fresh and dried. Sources include dried and
fresh mulberry dishes, and mulberry rice and black mulberry dessert are an example (Koymen, 1982;
Arli, 1982; Sahin, 2008; Kozleme, 2012; Gursoy, 2013; Yerasimos, 2014; Samanci, 2016; Demirgiil,
2018; Isin, 2018). Produced using dried mulberry, mulberry tea powder is used in making donuts,
biscuits, cakes and bread in China (Huo, 2000; Machii, 2002). Mulberry fruit is a good source of
energy with a high nutritional content. The protein content of the fruit varies between 4.72% and
9.96%; it is counted among fruits rich in phytochemicals, monoterpenes and polyphenols (flavonol
and anthocyanin) (Srivastava et al., 2006; Zhang et al., 2018). However, fresh mulberry with high
moisture content is difficult to preserve due to the short harvest period and storage sensitivity
(Doymaz, 2004). Packaging becomes a necessity to ensure the continuity of safety and reliability until
the consumption stage, to preserve its quality and nutritional properties and to preserve its properties
during the projected shelf life (Gennadios et al., 1997; Vermeiren et al., 1999; Krochta, 2002). Edible
films and coatings are used today as an environmentally friendly application to extend the shelf life of
foods and to preserve the quality properties of foods (Baldwin, 1994; McHugh, 2000; Keles, 2002;
Han and Gennadios, 2005; Falguera et al., 2011; Galus and Kadzinska, 2015).

Sugary foods are among the products that pose the highest risk in terms of food safety during the

storage phase. Especially, biological contamination elements such as insects cause product losses as
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warehouse pests and affect many quality characteristics of the product such as taste, appearance, odor
and texture. In the study, the preferred model (Drosophila melanogaster) as a storage pest is fed with
chitosan-coated mulberries and is important for the preference of the coating material, for the
evaluation of living things and the environment. Due to the high sugar content of dried mulberry fruit,
it is resistant to storage pests and deteriorates quickly. Because sugar crystals formed on dried fruits
encourage the reproduction of storage pests (Aksoy et al., 2004). In the study, the effect of the coating
material formed with the chitosan solution on the mulberry (such as weight, texture and sensory
analysis) was determined and its shelf life was extended. In addition, consumer opinions were taken

through sensory analysis and the marketability of the coated product was evaluated.

2. Materials and Methods

In this study, dried mulberry grown in central Anatolia Konya commercially available mulberries (M.
alba) in 2019/2020 were used. D. melanogaster (Oregon) culture has been cultivated in the laboratory
of  with an artificial diet (Rogina  and Helfand, 2000) since 2014
(60%-70% humidity and 25 £ 2°C).

2.1. Preparation of coating material

The solution was prepared from 10 g of commercial chitosan with 1% acetic acid and 0.5% glycerol
and mixed in a magnetic stirrer (Bandelin, Germany) for two days. The chitosan ratios used were set at
0.2%-2% (Kahve, 2016; Simsek and Keyf, 2018). Chitosan solutions homogenized for one hour at
40°C were exposed to ultrasonic washing for 30 min to remove gas (Carbonell-Capella et al., 2015).
The prepared chitosan solution was coated on the entire surface of the dried mulberry fruit using the

spraying method (airbrush, Artos Power). All chemicals were supplied from Sigma-Aldrich.

2.2. Implementation of the harmful model

The experimental setup was kept in the incubator (Core ES120) in the same environment with the
culture, insects were followed until they became mature. 50 individuals (25 females and 25 males) of
the same age and unpaired were transferred to the experimental setup that did not show any
maturation, and their survival was followed, and the dead insects were removed from the experimental
design. In order to survive for insects, mulberry and insect in the food environment were taken into a

new bottle every two days and egg laying was prevented. The trials continued for a month.

2.3. Weight and texture analysis
Before and after the experiment, four fruit samples were selected from each trial design, weighed
(Ohaus PA-214C) and averaged. Fruits were photographed by scanning their surface areas under a

microscope to determine external tissue changes (Olympus SZ61; X 2.5).
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For texture analysis, a texture device (Texture Analyzer TAXT2I; stable microsystems). Texture
profile analysis (TPA) was performed. For TPA, the diameter of penetration probe was used as a 5
mm; five samples were selected separately for each group in the trial design. The texture was
measured from two opposite points of each fruit. For each application, the average of 10 (10 x 10)
measurements was taken. In determining the hardness, the penetration force (N) was measured with a
cylinder probe with a diameter of four mm, a velocity of one mm/s and a penetration distance of 7.5

mm from the middle points of the mulberry with the compression program of the texture analyzer.

2.4. Sensory analysis

In the chitosan solution prepared for sensory analysis, the solution was prepared using the same ratio
of vinegar instead of 1% acetic acid. The sensory properties of edible coated fruit were evaluated with
a Hedonic scale by 20 semi-educated panelists (20 semi-trained panelists with food training) without
prior information. Samples were independently rated above five points in terms of color, appearance,
taste, odor, hardness and general taste. Samples were independently rated more than 5 points in terms
of color, appearance, taste, odor, hardness and general taste (5: excellent; 4: good; 3: acceptable; 2: not

sufficient; 1: bad) (Begen, 2012). The application was in two repetitions.

2.5. Analysis of data

One-way analysis of variance (ANOVA) and Duncan Multiple Comparison Test (Duzgunes et al.,
1987) were compared using statistical program (LSD and Duncan test) to determine the difference
between the means of homogeneous and normally distributed groups. In the analysis results of the
samples, the difference between the applications was determined. Mann Whitney U test was used to
compare storage hardness of mulberries (no table given in the text). Analysis were repeated twice; The
significance of the means is shown in the tables and figures at a probability level of 0.05 and standard

errors (ST) are given.
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3. Results

a Fruit Testure Analysis b Fruit Weight Analysis

Figure 1. a. Mulberry texture analysis, b. Mulberry weight analysis (p <0.05)

According to the texture analysis applied on mulberries, the hardness was decreased as depending on
the ratio of the coating material and a negative correlation was created on fruits. While fruit firmness
was 18.01 = 0.1 N in the control group (Figure 1; the lowest hardness in coated fruits was measured in
mulberries coated with glycerol (10.5598 + 0.1 N). The gel-like structure of glycerol, softening the
mulberry fruit directly reduces the fruit hardness. Among the mulberries with no living organisms, the
lowest hardness was measured in mulberries covered with a 2% chitosan solution (15.6646 + 0.1 N).
Near normal (control) hardness of 18.2417 + 0.1 N was measured in mulberry coated with 0.2%

chitosan solution (Figure 1).

Figure 2. Morphological images of mulberries after pretest without coating and coating a. Uncoated mulberry,
b. Mulberry coated with glycerol, c. Mulberry covered with 0.2% chitosan, d. Mulberry covered with 1%
chitosan, e. Mulberry covered with 2% chitosan.

Due to the glycerol weight, glycerol-coated mulberry (1.15 = 0.02 g) was the highest weight, while
0.2% coated mulberry (0.71 + 0.01 g) was the lightest group after the control (0.63 = 0.01 g).. There
was no correlation between these groups in terms of weight (b>c>a) (Figure 2). Covered mulberries

for sensory analysis are seen in Figure 3.

£ 6 b

Figure 3. Mulberries; a. Mulberry with a coating with 1% grape vinegar, b. Mulberry with a coating added with

0.2% grape vinegar, c. Mulberry with 2% grape vinegar coating applied, d. Uncoated mulberry
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Table 1. Sensory analysis results of edible film-coated mulberries

Color Appearance Taste Smell Hardness General Rating

Examples
Mean + . Mean + . Mean + . Mean + . Mean + . Mean + .
SH. Sig. t test SH. Sig. t test SH Sig. t test SH. Sig. t test SH Sig. t test SH. Sig. t test

Mulberry 3.1740.2 0.1** 11.9 3.40+0.2 0.15* 12.14 3.47+£0.2 0.5 15.24 3.70+£0.2 0.1* 16.90 3.05+0.2 0.46 113 3.32+0.2 0.3* 13.77

0.2%
Mulberry
Coated
Chitosan

3.62+0.2 0.4* 16.0 3.67£0.2 0.24* 15.7 3.45+£0.2  0.3* 14.19 3.62+0.2 0.1* 17.42 3.17+0.2 0.80 10.6  3.70+0.1 0.2* 22.58

1%
Mulberry
Coated
Chitosan

3.22+0.2 0.5 12.2 3.10+0.2 0.30* 13.0 3.25+0.2 0.6 1151  3.50+0.2 0.64 16.54 3.05+0.2 0.83 13.6  3.32+0.2 0.5 15.43

2%
Mulberry
Coated
Chitosan

3.30+£0.2 0.3* 15.7 3.26+0.2 0.60 12.9 3.21+0.2 0.9 11.74 3.60+0.2 0.68 15.38 2.85+0.2 0.86 101 3.51+0.2 0.9 16.58

*Degrees of importance
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Within the scope of sensory evaluation, panelists evaluated the color, appearance, taste, odor, stress
and general taste of edible film-coated mulberries (Table 1). When the appearance of the coated
mulberry is examined, there is no difference except for the gel-like structure (Figure 2). However,
when the colors of the mulberries covered with 2% grape vinegar were evaluated, a significant
difference was observed (p<0.05). Panelists said that 0.2% coated mulberries are better in terms of

color, appearance and taste.

4. Discussion

Microbial growth can be destroyed in dried fruits, but vegetative cells and spores can survive for a
long time (Beuchat et al., 2013). Microbial growth that occurs, a significant quality deterioration on
fruit; moisture adsorption, oxygen invasion, flavor loss, unwanted odor absorption and migration of
packaging components to food cause mass transfer events (Fennema and Sherman, 1976; Kester and
Fennema 1986; Debeaufort et al., 1998; Krochta, 2002). Due to the high sugar content in dried fruits
the growth of microorganisms occurs rapidly during storage (Beuchat et al., 2013). The main purpose
of use of edible films and coatings is to minimize and eliminate the presence of pathogenic
microorganisms in foods. The effect of edible coatings on dried fruits with high sugar content, which
was also used in study, is the subject of many studies (Azeredo et al., 2009; Rojas-Grau et al., 2009;
Deng et al., 2011; Lago-Vanzela et al., 2013; Garcia et al., 2014; Farahmandfar et al., 2017). Glycerol
was added to the coating at the preparation stage to reduce the brittleness and extensibility of the
coating used in the study (Hernandez-Izquierdo and Krochta, 2008; Gounga et al., 2010; Tonyali et al.,
2018). In addition, D. melanogaster was used to determine the effects of nutrients, which have a short
growth biology, whose nutritional requirements are known quantitatively (Sang, 1956), and which are
used in obesity studies, on non-target organisms and target agricultural pests (Tettweiler et al., 2005).
According to texture analysis, the lowest hardness on fruits has been stated on mulberries coated with
glycerol (10.5598 = 0.1 N). The decrease in the hardness of the samples with glycerol compared to the
mulberry without coating shows that the gel-like structure of glycerol directly affected fruit hardness.
Simultaneously, it was determined that the weight of glycerol mulberry (1.15 + 0.02 g) was the highest
due to the weight of glycerol. Accordingly, it was determined that the insect considered as a storage
pest did not decrease the weight of the fruit among the application groups as show in Figure 1, but
increased the weight of the mulberry with coating.

The most important negativity that occurs during storage in dried fruits is browning and it is assumed
that the different colors of the mulberry used in sensory analysis application affect the panelists
(Fennema and Sherman, 1976; Cemeroglu and Ozkan 2004). Studies have reported that the use of film
solution prepared with chitosan as a coating material has an important effect on improving the sensory
properties of foods (Vargas et al., 2006; Han et al., 2014). A study with freeze-dried carrots indicates

that samples immersed in citric acid solution are more liked by panelists in terms of general
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acceptability in sensory evaluation, and are similar to study (Erbay et al., 2009). When the colors of
the mulberries covered with 2% grape vinegar were evaluated, a positive difference was observed
(Table 1). It is thought that uncoated mulberries are liked more than grape vinegar in terms of taste,
and the difference in odor is due to the stronger smell of grape vinegar compared to the uncoated
product. Similarly, it has been stated the panelists that strawberries coated with whey protein are
acceptable (Karabulut et al., 2018). It has been stated that the general quality of bananas coated with
gum arabic and chitosan is preserved and bananas with 1% chitosan solution are acceptable in sensory
evaluation (Magbool et al., 2011).

5. Conclusion

In the study; the usability of chitosan solution as edible material has been tested on fruit, storage pest
and sensory analysis to reduce and eliminate that the quality deterioration occur in fresh and dried
fruits. In terms of weight, it was observed that the weight of 1% chitosan coated mulberries was
higher. Although the groups were statistically similar in terms of texture, it was determined that the
hardness of the samples decreased somewhat in the presence of storage pests. Panelists said that 0.2%
coated mulberries are better in terms of color, appearance and taste. The study was planned
considering that the fruit, whose coating materials are high in sugar, will serve as a packaging in terms
of its life in the warehouse and on the shelf. According to the data obtained, it was determined that the
amount of chitosan used is important in increasing the shelf life of dried fruits and minimizing quality

deterioration.
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