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Abstract

Bitter gourd (Momordica charantia L.) plant is cultivated for both culinary and medicinal purposes in
the world due to its valuable benefits for health-promoting properties. The current study aimed to reveal the
effects of chitosan applied at three different concentrations (50 ppm, 100 ppm, and 150 ppm) in three different
treatments with 21 days intervals on growth parameters and total phenolic and antioxidant contents of bitter
gourd. The findings of the study demonstrated that the foliar treatment with 100 ppm chitosan at the second
and third treatments had positive effects on the majority of growth parameters examined and on increasing
total phenol and antioxidants in bitter gourd. As a result, chitosan could be a possible substance to be used to
enhance bitter gourd plants’ growth and development as well as in several industrial fields such as
pharmaceuticals and agriculture.
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Introduction

Global population expansion has made it crucial to find innovative ways to enhance human health by
preventing oxidative stress and its damaging effects through metal chelating and/or free radical - scavenging
processes (Pereira e al., 2007). It has been proposed that bioactive compounds with antioxidant activity, such
as certain vitamins and polyphenols, are primarily responsible for the preventive role since oxidative damage is
one of the key processes in the genesis of many illnesses (Wang ez a/., 2011; Viacava ez al., 2018). Therefore, to
promote public health via diet, studies have recently concentrated on ways to increase the bioactive compounds
of plant-based products. Because of their health-promoting properties, it is critical to increase our consumption
of these bioactive compounds in daily nutrition.

Antioxidants can be significantly improved in terms of their pharmacological and nutritional qualities
by extracting them from plant-based sources. Tropical plants, among other natural resources, have gained great
interest as potentially rich sources of antioxidant chemicals with medicinal and nutritional benefits (Chong ez
al., 2015). As a possible source of beneficial bioactive chemicals, bitter gourd (Momordica charantia L.) has a

great potential. It is a popular tropical vegetable, belongs to Cucurbitaceae family, produced in different part of
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the world for both culinary and medical uses because of its benefits for human health (Grover and Yadav, 2004;
Braca ez al., 2008; Tanwar ez al., 2022). In traditional medicine, bitter gourd's leaves are used as a tea for
diabetes, to treat intestinal gas, to encourage menstruation, and as an antiviral for measles, hepatitis, and other
ailments. Due to health-promoting qualities of fruits and some other vegetative parts particularly anti -
oxidative, antidiabetic, anti - inflammatory, anticancer, antiobesity, as well as antibacterial activities it has
gained increasing interest on a global scale (Kulkarni ez 4/, 2021; Bora ez al., 2023).

To increase the synthesis and accumulation of bioactive compounds in plants, several approaches have
been thoroughly adopted to increase their levels in plants. Elicitation, the improved or induced production of
certain bioactive compounds, ensures plant competitiveness as well as survivability. Elicitors are exogenous
molecules that induce secondary metabolic processes, which in turn trigger a variety of defensive responses in
plants, comprising physiological and morphological adaptations as well as the accumulation of bioactive
components beneficial for human health (Viacava et 4l., 2018). Elicitors have recently been found to be an
effective technique to increase plant growth and bioactive compounds synthesis in plants. They can perform
this role thanks to a variety of their unique characteristics, which include antifungal, antibiotic, as well as
antiviral capabilities. These chemicals also have a variety of economic uses, including as bioactive substances in
agriculture, cosmetics, pharmaceuticals, and other fields. Pre-harvest elicitor applications on plants could be a
one of the realistic strategies to promote bioactive components' biosynthesis (Pérez-Balibrea ez a/., 2011).

In this regard, chitosan, a natural biopolymer, might provide a sustainable alternative to traditional
agrochemicals for such a safer agricultural system (Maluin and Hussein, 2020). A natural elicitor, chitosan, is
known as a biopolymer having several uses in industry, pharmaceuticals, and agriculture. Chitosan and its
nanoparticles may function in agriculture as a powerful antibacterial agent, plant growth promoter, and
agrochemical carrier (Gérnik ez al., 2008; Maluin and Hussein, 2020; Mirheidari ez a/., 2022). The use of
natural elicitors like chitosan might be a crucial part of sustainable agriculture, according to the ample evidence
that suggests plants might well strategy achieves tolerance to a wide range of pathogenic microorganisms and
enhance growth and development after the implementation of chitosan (Chakraborty ez al, 2020). A
stimulating effect of chitosan on the accumulation of phenolics was reported in various plant species by several
researchers such as in Prunus armeniaca L. (Ghasemnezhad ez al., 2010), Fragaria x ananassa cv. Qingxiang
(He ez al., 2018), Stevia rebaudiana Bertoni (Mehregan ez al., 2017), Salvia officinalis L. (Vosoughi et al.,2018),
Mentha piperita L. (Salimgandomi and Shabrangy, 2016), Ocimum basilicum L. and Melissa officinalis L.
(Hawrylak-Nowak ez 4/., 2021).

The aim of the current study is revealing the effect of foliar chitosan treatment growth parameters and
total phenolic and antioxidant contents of bitter gourd’s vegetative plant parts.

Materials and Methods

Plant cultivation

This study was carried out in greenhouses of Akdeniz University, Faculty of Agriculture, and
Department of Horticulture. Bitter gourd fruits were harvested from Antalya, Turkey (36°53'10.1" N
30°4523.4"E) roughly at the same size, appearance, and maturity. To remove debris, chaff, and other foreign
objects, fruits were washed under tap water. In order to conduct the trials, damaged, broken, and hollow seeds
were manually removed from the cleaned fruits. Three seeds used in the study were sown in plastic pots at the
size of 13 x 35 cm filled with peat: perlite mortar mixture at the ratio of 2:1.

Morphological characteristics
The uniform bitter gourd plants were taken from each plastic pot at the 4-5 leafy stage (approximately
30 days from sowing) and transferred to new plastic pots filled with the same peat: perlite mixture ratio to
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measure morphological characteristics of number of leaves, number of leeches, length of leeches, length of
petioles, the thickness of petioles, length of internodes, the thickness of internodes, number of internodes,
lengths of the plants. In addition; fresh and dry weights of leaves, and SPAD (Konica Minolta SPAD-502Plus)
values were also measured. Plant height measurements were taken from the emerging point of soil surface to
the top of the main stem of plants. Length measurements were conducted with a ruler and a measuring tape,
while thickness measurements were performed with a digital caliper (Figure 1).
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Figure 1. Bitter gourd plants at different growth and development stages after chitosan elicitor treatments

All above stated morphological features were recorded before applications and after 21 days of the last
chitosan treatment. After twenty-one days from the last chitosan treatment, the fresh leaf samples from each
chitosan application were harvested. After weighing up the fresh leaves, leaves were kept at 70 °C thorough 72
hours in an incubator. At the end of the 72 hours leaves' dry weights were also measured.

Preparation and application of chitosan

While chitosan was dissolved in 0.1 M HCl solution at various concentrations (50, 100, 150 ppm) and
supplemented with 0.5% Tween-20, the control plants treated with distilled water with 0.5% Tween-20.

Considering the developmental stages and starting from the first true leaf formation of the plants, the
different chitosan dose applications were conducted thrice with 21 days intervals as follows; first chitosan dose
application was done to the first 5 leaves, second application was to the first 10 leaves and the third application
was the first 15 leaves of plants. All chitosan treatments were conducted before noon by spraying 5 mL onto
cach leaf with a hand sprayer.

Total phenolic content determination

By utilizing the Folin-Ciocalteu technique as described by Skerget ef 4/, (2005), the total phenolic
content was calculated. The sample (1.0 g) is extracted in 100 mL of the extraction solution. The 2.5 mL Folin-
Ciocalteu reagent, which had been diluted 10 times with water, was combined with a volume of 0.5 mL of
sample. With the addition of 2.0 mL sodium carbonate (75.0 g L"), the mixture was kept at 50 °C for five
minutes before being cooled. At 760 nm, the absorbance values of the samples were determined. The total
phenolic content was expressed as mg gallic acid equivalent per 100 g dry weight of leaves.
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Total antioxidant activity determination

According to Ferndndez-Leén ez al. (2013), the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical-
scavenging activity was examined. With the aid of ultraturrax, a 1.0 g dry sample was dissolved for 1 minute in
220 mL extraction solution (80% methanol). For analysis, 950 mL of diluted DPPH was added to 50 mL of
the diluted extract in an Eppendorf tube, which was then vortexed for 30 minutes while being maintained in
the dark. In order to measure the absorbance of the DPPH solution, spectrophotometric measurements at a
wavelength of 515-517 nm were taken. The total antioxidant activity was expressed as mg trolox equivalent
per 100 g dry weight of leaves.

Statistical analysis

The current study's experimental treatments were carried out in triplicate and four plants in each
replicate using a completely randomized factorial design. The acquired data were subjected to variance analyses
using the JMP package software, and the differences between means were identified using the least significant
difference (LSD) test; the differences were determined statistically significant at p < 0.05.

Results and Discussion

The results of the experimental study influence on the bitter gourd plants’ morphological characteristics
and total phenolic and antioxidant contents are represented in Figures 2 to 5, and Table 1. Data shown in
Figure 2 clearly demonstrate that the numbers of leaves, leeches, and internodes were affected by chitosan
concentrations and treatment number.
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Figure 2. Effects of number of chitosan treatments at different dosages on number of leaves, leeches and
internodes

(1): Differences between the means are shown with separate letters

(2): LSD test, N.S.: Non-Significant **:p<0.001; **:p<0.01; *:p<0.05;

Number of leaves: LSDc*= 3.805; LSDt*= 3.295; LSDcxt= N.S.;

Number of leeches: LSDc*= 3.429; LSDt*= 2.970; LSD c¢xt= N.S,;

Number of internodes; LSDc*= 2.424; LSDt*= 2.099; LSDcx t= N.S.; (c: cultivar; t: treatment; cXt: cultivar X treatment)
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Experimental results also showed that 150 ppm chitosan concentration and the first treatment did not
have any positive effect results on the number of leaves, leeches, and internodes. It was determined that the
most suitable chitosan concentration was 100 ppm, while the appropriate treatment number was 3. Similar
results were also reported by several researchers. For example, Nahar ez 4/. (2012), Tantasawat e /. (2010) and
Lee er al. (2005) showed the stimulative effects of chitosan on Cymbidium, Dendrobium and soy seedling
growth, respectively. In another study, it was reported that foliar spray treatment of chitosan at 0.4 g L™
concentration led to a substantial improvement under normal or stressful conditions when compared with
untreated control plants for plant growth properties (Ghasemi Pirbalouti ez al., 2017).

When the chitosan elicitor concentration applied and number of treatments were evaluated on petiole
length, it was determined that the 100-ppm application dose provide the most ideal results at the 1 or 2™
treatment. In terms of leech length, the 100-ppm chitosan treatment concentration stood out, while the 2™ or
3" application times showed statistically significant differences in terms of number of treatments. Similarly,
the effects of the 100-ppm chitosan treatment concentration at the 3" treatment were statistically prominent
in terms of plant lengths. Unlike its effects on other morphological characteristic parameters, it was determined
that the effect of 150 ppm chitosan concentration on internode lengths of bitter gourd plant was statistically
the most ideal at the third application time (Figure 3).
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Figure 3. Effects of number of chitosan treatments at different dosages on length of petioles, leeches,
internodes and length of plants (cm)

(1): Differences between the means are shown with separate letters

(2): LSD test, N.S.: Non-Significant ***:p<0.001; **:p<0.01; *:p<0.05;

Length of petioles: LSDc*= 0.351; LSDt*= 0.304; LSDcxt= N.S.;

Length of leeches: LSDc¢*= 1.776; LSDt*= 1.538; LSD cxt= N.S;

Length of internodes; LSDc= N.S.; LSDt= N.S.; LSDcxt= N.S.;

Length of plants; LSDc*= 18.785; LSDt*=16.268; LSDcx t= N.S.; (c: cultivar; t: treatment; c X t: cultivar X treatment)

Regarding petiole and internode thickness, chitosan treatments except 3 application at 150 ppm
concentration increased petiole and internode thickness (Figure 4). It has been reported that chitosan
accelerated and prompted the plant's growth and morphological characteristics of various plants such as gerbera
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(Wanichpongpan ez al., 2000), soybean sprouts (Lee ¢# al., 2005), and sweet basil (Kim, 2005). Luan et al.
(2005) demonstrated the stimulating effect of chitosan on shoot lengths and fresh biomass in several plants
such as Chrysanthemum morifolium, Limonium latifolium, Eustoma grandiflora, and Fragaria ananasa. The
research conducted by Salachna and Zawadzinska (2014) has shown that chitosan can be used as a bio-
stimulator on freesia plants. According to these researchers, the chitosan-treatments had positive effects on
leaves and shoots of freesia plants. Several other studies also reported positive effects of chitosan treatment on
plant growth and development (Chen and Xu, 2005; Gérnik ez al., 2008; Ghasemi Pirbalouti ez 4/.,2017). The
results of a study conducted on okra showed that chitosan treatment boosted plant height and leaf number per
plant in both pot and field conditions (Mondal ez 4/., 2012). The improved growth and development of plants
after chitosan treatment was attributed to the stimulation effects of chitosan on important enzyme activities of
plant nitrogen metabolism and transportation of the nitrogen in the leaves (Uthairatanakij ez 4/., 2007). It has
been also demonstrated that chitosan might activate a signaling pathway associated with auxin biosynthesis,
which might promote the formation of plant hormones like gibberellins and enhance growth and development
(Uthairatanakij e 4., 2007).
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Figure 4. Effects of number of chitosan treatments at different dosages on petiole and internode thickness
(mm)

(1): Differences between the means are shown with separate letters

(2): LSD test, N.S.: Non-Significant ***:p<0.001; **:p<0.01; *:p<0.05;

Thickness of petioles: LSDc*= 0.097; LSDt*= 0.084; LSDcx t= N.S.;

Thickness of internodes; LSDc¢*= 0.068; LSDt= N.S.; LSDcxt= N.S.; (c: cultivar; t: treatment; cXt: cultivarx

treatment)

In the current study, the unsatisfied results in terms of the relative chlorophyll content (SPAD) values
were obtained from the 150-ppm chitosan concentration and the 3* treatment, while the most ideal values
were obtained in the first treatment of 100 ppm chitosan treatment or in the second treatment of 150 ppm
chitosan concentration (Figure 5). Several researchers have demonstrated that the usage of chitosan increased
the amount of relative chlorophyll (SPAD) in plants. In the research reported by Dzung e al. (2011), spraying
coffee plants with chitosan increased the relative chlorophyll content as well as carotenoid content. Similatly,
Salachna and Zawadzifska (2014) showed that the chitosan-treated freesia plants had more relative
chlorophyll content than the control. In this respect, Nguyen Van e al. (2013) showed that a rise in the
quantity of nitrate, phosphorus, and potassium in leaves was reported after spraying the seedlings with chitosan
three times, while they also demonstrated that plants spraying 10-50 ppm chitosan had the higher
photosynthetic rates. According to these researchers, it is possible to say that plants' improved nutrient
absorption is led to the rise in chlorophyll content resulted from chitosan application. Khan e a/. (2002)
reported that foliar chitosan treatment enhanced the rate of net photosynthetic of plants associated with
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increases in stomatal conductance and transpiration rate, without affecting the intercellular CO,

concentration.
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Figure 5. Effects of number of chitosan treatments at different dosages on SPAD values

(1): Differences between the means are shown with separate letters

(2): LSD test, N.S.: Non-Significant ***:p<0.001; **:p<0.01; *:p<0.05;

SPAD value: LSDc= N.S.; LSDt*= 1.389; LSDcx t= 2.779; (c: cultivar; t: treatment; c X t: cultivar X treatment)

At the end of the chitosan treatments, the leaves of the bitter gourd plants were harvested and weighed.
The best leaf fresh weights were obtained from 150 ppm and 100 ppm chitosan treatments. However, there
was no statistically significant difference between chitosan treatments at different concentrations in terms of
leaf dry weights (Table 1). In a study conducted on strawberries by Abdel-Mawgoud ez 4/. (2010), chitosan
treatment increased plant height, leaf number, fresh and dried leaf weights, and crop yield. Ghasemi Pirbalouti
et al. 2017 reported that the highest fresh and dry weights of basil plants were obtained from chitosan treated
plants.

Table 1. Effects of number of chitosan treatments at different dosages on fresh-dry weights and total
polyphenol and antioxidant contents

Mean differences values - Elicitor concentrations

applications of Control 50 ppm 100 ppm 150 ppm
Weight of fresh leaves 26.28 AB 19.81B 31.04 A 3243 A
Weight of dry leaves 5.89 4.52 5.85 5.80
Total polyphenol 210.86 B 236.67 B 281.37 A 294.10 A
Total antioxidant 115.94 B 142.16 4 146.84 A 144.12 4

LSD wWeight of Fresh Leaves = 4.252 LSD weight of Dry Leaves = 0.948
LSD roul Polyphenol = 24.499 LSD Toul Antioxidane = 12.944

Different letters between fresh — dry weights and total polyphenol and antioxidant contents denote statistically
significant differences (LSD test, p < 0.05).

LSD values of elicitor
concentrations

The effects of chitosan treatment at different concentrations on total phenol and total antioxidant
contents of bitter gourd leaves were also evaluated. Accordingly, it was determined that concentrations at 150
ppm and 100 ppm of chitosan treatment affected the total polyphenol content positively, while the control
treatment and 50 ppm treatment concentration did not positively affect the total polyphenol content. On the
other hand, it was determined that three different chitosan concentrations tried in the study had a positive
effect on the total antioxidant content of bitter gourd leaves, but there was no difference between the treatment
concentrations. Therefore, it can be said that chitosan treatment at different concentrations is more effective
than the control group without any treatment on the antioxidant contents of bitter gourd plants (Table 1). In
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previous studies it has been also demonstrated that the total phenolic content of the extracts of two species of
basil and Vitis vinifera was considerably influenced by the varied chitosan concentrations (Cai ef af., 2012;
Ghasemi Pirbalouti ez 4/, 2017). Plant extracts and soluble phenolic contents are both responsible for the
antioxidant properties of plants. It is known that chitosan most likely has the ability to control antioxidant
enzyme activity (Ghasemi Pirbalouti ¢z 4/, 2014).

Conclusions

The purpose of the present study was to optimize the concentration of foliar chitosan elicitor treatment
and determine the appropriate number of treatments in bitter gourd plants. It is recommended that treatment
with chitosan, which is an affordable and readily accessible shellfish by-product from the production of seafood,
might be a potential material utilized to improve the growth and development of bitter gourd plants. The
findings of the current study revealed that the foliar treatment of 100 ppm chitosan and 2™ or 3 treatment is
highly effective in most growth parameters. Finally, it is demonstrated that chitosan has a good impact on
increasing total polyphenol and antioxidant content of bitter gourd which may promote the health of
humankind.
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