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Abstract Today, changing lifestyles and conscious consumer behavior force a quality increase and improvements in
food. Conscious consumers act sensitively about healthy living and tend to natural products that both protect against
diseases and meet their nutritional needs. Some compounds contained in fruits and vegetables are known to have positive
effects on human health. Grapes are among these fruits with their high nutritional value and high content of antioxidant
compounds, especially phenolic compounds. Therefore, the use of different grape extracts in areas such as food, health, and
cosmetics has become popular in recent years. Different methods can be employed to preserve this composition in products
with rich content, to minimize extraction losses, as well as to enable the plant to synthesize these components in higher
amounts without converting them into extracts. Endogenous hormones are known to be particularly effective in the
production of these components by activating different signaling mechanisms. In this study, the potential of using methyl
jasmonate as an elicitor in Merzifon Karasi grape, a colorful grape variety, was evaluated. Grapes were sprayed once (once
application) immediately after veraison, twice (twice applications) immediately after veraison, and 15 days after veraison
(doses of 0; 1; 2.5, and 5 mM). At harvest, the clusters were harvested and anthocyanin, phenolic compounds
(spectrophotometrically and by HPLC), amino acid and organic acid contents of grape berries, and fatty acid contents of
grape seeds were determined. The results showed that methyl jasmonate as an elicitor was highly effective in enriching the
berry composition of grapes.
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. important role in plant development and many physiological
1. Introduction and biochemical processes [2]. It was first isolated in
1962 from the oil extracted from the jasmine (Jasminum
grandiflorum) plant [3]. JA is known to be effective
in activating the natural defense mechanism in plants,
stimulating abscission and closure of stomata, and promoting
chlorophyll degradation, respiration, ethylene, and protein
synthesis [4-6]. In all these processes, it promotes increased
secondary metabolite synthesis [7,8].

Methyl jasmonate (MeJA) is an odorous volatile
compound that is the methyl ester of JA. It is known that
studies on JA or MeJA are mostly conducted to enrich
phenolic compounds in the presence or absence of stress.
In one of the studies in this field, Larronde et al. [9] treated
clusters of Cabernet Sauvignon grape variety with MeJA.
As a result of the study, it was found that MeJA
application promoted the accumulation of piceid in leaves
and trans-resveratrol in berries. In another study conducted
on the same variety, MeJA application was applied and
it was determined that trans-resveratrol, piceid, s-viniferin,
d-viniferin and pterostilbenes increased compared to the
* Corresponding author: control [10]. Vezzulli et al. [11] also applied MeJA to the
esema.cetin@yobu.edu.tr (Emine Sema C etin) clusters of Barbera grape variety. As a result of their study,
Received: Nov. 20, 2023; Accepted: Nov. 30, 2023; Published: Dec. 13, 2023 they found that MeJA significantly increased the production
Published online at http://journal sapub.org/plant of trans-resveratrol and e-viniferin in the berries during the

Grapes have a special position because of the many
valuable components in their composition. Besides its
rich content of vitamins and minerals, grapes are known
to have approximately 1600 compounds derived from
phenylpropanoids, isoprenoids, and alkaloids that are
effective in many diseases. With the effect of these
compounds, grapes are known to prevent cancer formation,
bad cholesterol, high blood pressure, heart attack risk,
Alzheimer's, Parkinson's, dementia, and many other
neurodegenerative diseases [1].

The synthesis of these components depends largely on
their response to environmental conditions and adaptation to
the environment. Endogenous hormones are also effective in
the formation of this response. As it is known, hormones are
organic compounds that have extremely important roles in
plant growth and development, can be transported within the
plant, and can show their effects even in very small doses.
Jasmonic acid (JA) is one of the plant hormones that play an
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ripening period. In another study, Ruiz Garcia et al. [12]
applied MeJA at a dose of 10 mM to the Mourvedre grape
variety, starting just before the veraison period, 3 times
at 3-day intervals. They reported that the amounts of
anthocyanins and proanthocyanins in the treated clusters
increased significantly compared to the control. In a study
conducted in Tempranillo, one of the important wine grape
varieties, it was determined that pre-harvest application
of MeJA to the vines significantly increased the total
anthocyanin content [13]. Wang et al. [14] examined the
effect of MeJA on chlorophyll, vitamin C, soluble protein,
sugar, nitrate, total phenols, flavonoids, volatile components,
enzymatically produced pyruvic acid content and antioxidant
activity and stated that MeJA was very effective in
increasing quality components.

In this study, the effects of MeJA applications on the
biochemical contents of grapes were examined. Exogenous
MeJA applications were made in Merzifon Karasi grape
variety and the amounts of phenolic compounds, total phenolic
matter, total flavonols, total flavanols, and anthocyanins, as
well as amino acids and organic acids, and the amounts of
fatty acids (in seeds) which are also very important in human
health were examined. It was aimed to reveal the potential of
MeJA on these components. The composition of the berry
was analyzed with its many components, and the potential
for conversion into a rich product of extracts will increase
in further studies with the increase in the amounts of
compounds effective in food, cosmetics, and health in light
of the data obtained.

2. Material and Methods

2.1. Material

Merzifon Karas1 grape variety grafted on 1103 Paulsen
(1203 P) American grapevine rootstock was used as material
in the study. Merzifon Karasi grape variety is one of the wine
grape varieties with thin skin, and round and medium-sized
berries. The berry skin color is blue and black and it has
medium-sized and dense clusters. The treatments were
carried out in a 12-year-old vineyard established in the
Merzifon District of Amasya Province (Figure 1). MeJA was
99% pure and commercially available (CAS no: 39924-52-2,
Sigma Aldrich, Darmstadt, Germany). It was prepared by
dissolving in ethyl alcohol and diluted to 1 mM, 2.5 mM, and
5 mM. Deionized water containing equal amounts of alcohol
was used as a control.

Figure 1.

A view from the vineyard

2.2. Methods

MeJA treatments were applied in two separate application
periods as one period and two periods, taking into account
the veraison period. The once application (OA) was made
once on August 2, 2021, immediately after the veraison
period. The twice application (TA) was made twice, the first
on the same date and the second two weeks after the first
application (August 16). At harvest, clusters were harvested
(Figure 2) and analyzed as detailed below.

Figure 2. A view of ripe grape

Extraction of phenolic compounds: An extraction
procedure was performed for the determination of phenolic
substances [15]. Total phenolic compounds were quantified
using the Folin Ciocalteu colorimetric method according to
Singleton and Rossi [16]. Results were given in mg/g as
gallic acid equivalent (GAE).

Total flavonols were analyzed according to Dai et al. [17]
using a Neu solution. The results were expressed as rutin
equivalent (RE) in mg/g (Figure 3).
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Figure 3. Samples in total flavonol analysis

Total flavanols were estimated according to Arnous et al.
[18]. Results were presented as catechin equivalent (CE) in mg/g.

Determination of anthocyanin content: In colored grape
varieties, the amount of anthocyanin, which is a color
pigment that provides the unique color of the variety, was
also determined spectrophotometrically.  Anthocyanin
analyses in fresh grape samples were performed with
Mcllvaine baffle (pH=3) according to the method of Qu
et al. [19] (Figure 4). Anthocyanin amounts were calculated
as color value (CV) according to the following formula.

CV= 0.1 x absorbance x dilution factor

Figure 4. Samples in anthocyanin analysis
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Identification of phenolic compounds: The method of
Gomes et al. [20] was used for the identification of phenolic
compounds and determined in ppm by HPLC (Shimadzu
Prominence, Tokyo, Japan).

Determination of amino acids: Amino acid amounts
were determined by HPLC. The method of Kdse et al. [21]
was used in the analysis. The results were given as ppm.

Determination of organic acids: The method of Aktas et
al. [22] was used to determine the amount of organic acids
by HPLC and the results were presented as ppm.

Determination of fatty acids: The amounts of fatty acids
were determined by GC-MS (AGILENT 7890A GC) and
the results were presented as percentages (%). The detector
and injector temperature were determined as 24°C [23].

Statistical analysis: The study was conducted with 3
replications and 5 vines in each replicate. The data obtained
at the end of the experiment were evaluated in the SPSS 24
statistical program according to the random blocks experimental
design and the differences between the averages were
determined according to Duncan's multiple comparison test
(p<0.05).

3. Results and Discussion

The effects of MeJA treatments on berry composition
were examined and the results are detailed below. In terms of
total phenolic compounds calculated as gallic acid eq, the
highest values were found in the treated grapes (Table 1).

Total flavonol contents were also statistically higher in the
treatment groups. It is noteworthy that the highest content of
0.313 mg/qg is three times higher than the value (0.098 mg/g)
in the control group of TA treatment, which is the lowest
content determined numerically. In the statistical analysis of
total flavanols calculated as catechin equivalent, the lowest
value was found in the control group of OA treatment.

It is seen that the highest value of Merzifon Karasi, a
colorful grape variety, in terms of anthocyanins was obtained
from a 1 mM MeJA dose of TA application (Table 1).
Therefore, MeJA has a positive effect on the production of
total phenolics, total flavonols, total flavonols, and anthocyanins.
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In studies investigating the effect of MeJA applications on
the phenolic compound composition of plants or plant parts,
positive results are generally obtained similar to our study. It
is known that MeJA can stimulate phenylalanine, an enzyme
involved in the synthesis of phenolics and flavonoids
through the phenylpropanoid pathway [24]. The data
showing that the total phenolic contents of fresh grapes,
apples, plums, and strawberries increased with the increase
in PAL activity associated with MeJA are in line with the
results of this study [25,26].

Studies have been conducted on loquat [27], plum [28],
apple [29], medlar [30], and pomegranate [31] fruits in
which total phenolic content was determined to increase with
MeJA treatments.

In a study conducted in this field, Ghasemnezhad and
Javaherdashti [32] stated that MeJA may increase phenolic
compounds in raspberry fruits and thus trigger the defense
mechanism. Wang et al. [33] also reported that PAL activity
was increased by MeJA treatment in Chinese blueberry
plants. Flores and Castillo [34] reported that MelJA
application promoted the accumulation of phenolic
compounds such as ellagic acid, quercetin, and myricetin in
raspberry plants in the pre-harvest period and stated that this
was due to the effect of MeJA on PAL enzyme activity.

Andrys et al. [35] stated that JA added to the in vitro
culture medium increased the amounts of phenolic
compounds. In another study, MeJA was applied to cell
cultures of marsh willowherb (Persicaria minor) and its
effect on sesquiterpene production was examined. Among
the 15 identified sesquiterpene compounds, a-muurolene
was found to reach the highest level in all MeJA-treated
groups. They also stated that sesquiterpene production varied
depending on the dose of MeJA in suspension culture and
incubation time [36]. Wang et al. [14], who conducted a
study on the yield and quality components and antioxidant
properties of MeJA in Chinese Chives, found that 500 uM
MeJA treatment significantly increased the levels of total
chlorophyll, phenolic compounds, flavonoids, vitamin C,
and volatile compounds.

Table 1. Changes in the amounts of total phenolic compounds, total flavonols, total flavanols and anthocyanin

Applications Dose Total phenolic compounds  Total flavonols Total flavanols Anthocyanin
(mM) (mg/g GAE) (mg/g RAE) (mg/g CAE) (mg/g CV)

Control 0577b" 0,133 cd 0,072 b 3,418

1,0 0,566 b 0,201 be 0,081 ab 3,778 b

oA 25 0,866 a 0,313a 0,085 a 3,623 b

5,0 0,806 a 0,208 ab 0,083 a 3,926 b

Control 0,537 b 0,098 d 0,076 ab 3,737b

1,0 0,765a 0,165 cd 0,085 a 4,663 a

™ 25 0,806 a 0,244 ab 0,081 ab 3,825b

5,0 0,627 b 0,147 cd 0,078 ab 3,806 b

“There is a statistical difference between the means with different letters in the same column (p<0.05).
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There is some information that MeJA applications
increase anthocyanin content [37,38]. Researchers state that
anthocyanin accumulation increases with increased ethylene
synthesis. Researchers who examined the effect of MeJA
application on the anthocyanin, apigenin, luteolin, quercetin,
and proanthocyanin contents of buckwheat (Fagopyrum
esculentum Moench) plants stated that the synthesis of
these compounds increased with MeJA application [39].
Similarly, Shafiqg et al. [40] reported that MeJA application
promoted the accumulation of anthocyanins such as cyanidin
3-galactoside in apples. Ozturk et al. [29] stated that the
content of anthocyanins (cyanidin-3-galactoside), ethylene,
total phenolic (gallic acid) and antioxidant capacity
increased linearly with increasing MeJA doses. In contrast to
the results of these studies, studies conducted in cherry [41]
and orange [42] showed that MeJA-treated fruits had lower
total phenolic, flavonoids and antioxidant activity compared
to the control. Boonyaritthongchai and Supapvanich [43]
also found the effect of MeJA on pineapple to be insignificant.
Therefore, it is possible to conclude from these results that
the effect of MeJA varies according to the dose applied, the
plant, and even the growing conditions of the plant.

In this study, phenolic compound amounts were also analyzed
on a component basis. While selecting these compounds
determined by HPLC, care was taken to ensure that they
were the most common compounds found in grapes.

The amounts of gallic acid, 3,4-dihydroxy benzoic acid,
chlorogenic acid, 4-dihydroxy benzoic acid, 2,5- dihydroxy
benzoic acid, vanillic acid, caffeic acid, epicatechin,
p-coumaric acid, ferulic acid, rutin, ellagic acid, cinnamic
acid and quercetin were determined in grape samples (Table
2). In Table 2, it is noteworthy that the highest values of all
phenolic compound contents except chlorogenic acid, which
was found at the highest level in both control and OA groups
and at 1 mM dose, were obtained only from the treated
clusters. In addition, the difference between the lowest and
highest values of ferulic acid 9.09 fold, epicatechin 7.51 fold,
quercetin 6.71 fold, and vanillic acid was 5.10 fold on the
basis of the components, which shows that the applied MeJA
elicitor is very effective in this respect.

In another study, JA was applied to root cultures of calendula
(Calendula officinalis) and its effects on the biosynthesis
and accumulation of triterpenoids were investigated. JA
treatment increased the production of triterpenoid saponins
by 86-fold [44].

In this study, the effects of MeJA treatments on the amino
acid profile of grape berries were also examined and the data
obtained are given in Table 3. Amino acids are the building
blocks of proteins. Since some of them are not produced by
the human body, they must be taken with food. These amino
acids are defined as essential amino acids. Essential amino
acids are valine, leucine, isoleucine, threonine, methionine,
phenylalanine, tryptophan, and lysine. Their deficiency is
known to cause various problems in metabolism, neurological
disorders, and suppression of normal mental development in
humans. Some amino acids produced by the body but not in
sufficient quantity are semi-essential amino acids, including

arginine and histidine. These are amino acids that need to be
supplemented to meet the need. Some amino acids are produced
in the body and do not require additional supplementation.
These are called non-essential amino acids. These are
alanine, arginine, aspartic acid, asparagine, cystine, cysteine,
glutamic acid, glutamine, glycine, proline, and serine [45].

In the study, it is clearly seen that MeJA application had a
positive effect on all amino acids, and none of the control
groups without MeJA had higher amino acid content than the
others. While some amino acids showed a slight increase in
response to MeJA, the levels of others increased
significantly. It is noteworthy that the difference between the
highest and lowest values is 23.74 times for proline, 11.4
times for arginine, and 8.27 times for tryptophan amino acid.
Only a limited number of studies were found on the effect of
these components on amino acids, which are the building
blocks of protein. Van Dam and Oomen [46], who examined
the effect of JA applications on primary metabolites such as
sugars and amino acids in cabbage (Brassica oleracea),
reported that JA application affected glucosinolates, amino
acid, and sugar content in the plant and the results also varied
according to the organ to which JA was applied. Wang et al.
[14] examined the effect of pre-harvest MeJA applications
on growth, quality, essential oil components, and antioxidant
defense mechanism in Chinese Chives and stated that 500
uM MeJA significantly increased protein content compared
to control.

In the study, the effect of MeJA treatments on the organic
acid content of grape berries was also examined (Table 4).
Organic acids are an important indicator of the taste and
nutritional quality of fruits [47]. They provide chemical
stability of water-soluble vitamins B and C by reducing their
sensitivity to heat and light. In terms of human health, they
are effective in increasing appetite, facilitating digestion,
increasing potassium absorption, facilitating the uptake of
copper, zinc, and calcium by the body, and providing
resistance against diseases [48,49].

Oxalic acid, malic acid, fumaric acid, tartaric acid, and
citric acid contents from organic acids were analyzed (Table
4). 1t was observed that there was no statistical difference
between the treatments in terms of fumaric acid content.
Except for malic acid, all other three organic acids were
synthesized at the highest level in the TA treatment group
and with MeJA application at a dose of 2.5 mM. Malic acid
was synthesized at the highest level in the OA group and at a
dose of 1.0 mM. It is seen that the MeJA application is an
effective application in terms of these properties. However,
no research was found on the effect of MeJA applications on
the organic acid content of the fruits.

In the study, the fatty acid composition in the seeds of
grape berries was also analyzed. The changes in fatty acids
were determined by GC-MS (Table 5). The amounts of
tetradecanoic acid, pentadecanoic acid, palmitic acid,
palmitoleic acid, 11-hexadecanoic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid and eicosanoic acid were
determined. It is noteworthy that all fatty acids examined
were at the highest values in the treated groups. Especially
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pentadecanoic acid, 11-hexadecanoic acid, linolenic acid,
and eicosanoic acid were synthesized at the highest level at
5.0 mM MeJA dose in the OA group.

The effect of the treatments was especially evident with
significant increases in the levels of eicosanoic acid (6.9-fold)
and tetradecanoic acid (4-fold) (Table 5).

4. Conclusions

It is known that plant extracts in particular have a
significant consumption as food and nutritional supplements.
Studies aiming to increase the components in the main
product from which they are obtained in order to further
enrich the content of extracts, which are rich in nutrients and

components that have a significant effect on human health,
are also extremely important. It is also known that many
studies have been carried out on different plants in this field.
Especially in plant materials that are already known to be
rich in these components, these studies will make the final
product composition more valuable by tolerating the losses
in the extract process. This study showed that MeJA applications
had positive effects on all parameters examined. It is possible
to transfer this application to practice by taking the period
and doses used to increase the amount of the desired target
compound in studies in this field as a reference. However, it
is also thought that the diversity of applications is limited in
the studies on compound enhancement. Comprehensive
studies using different pre-applications are needed.

Table 4. Changes in the amounts of organic acid (ppm)

Appllc Dose Oxalic acid Malic acid Fumgrlc Tartgrlc Citric acid
ations (mM) acid acid
2122,024" 543,883 6,247 177,519
Control 4,303
g e h f
2915,153 1328,038 9,531
1,0 5,385 106,973 h
e a c
oA 2923,882 483,161 7,172 209,403
25 ' ! 6,750 ' '
e f g e
50 2974,094 609,155 & 050 8,844 340,761
' d d ' d b
2342,566 632,511 9,862 324,789
Control 4,595
f c b c
3164,648 614,726 7,590 217,982
1,0 4,599
b d f d
TA
3521,571 687,848 21,030 570,092
2,5 4,872
a b a a
, 461,012 71 119,54
5.0 308&(9: 553 6 g0 5738 8 ' 5 995 9

“There is a statistical difference between the means with different letters in the same column (p<0.05).

Table 5. Changes in the amounts of fatty acids (%)

o

» - 2 2 = 2 'S k=] h=] 2
5 = g g 3 g g 7 = 5 3 g
3 E 8= Sz o 3 Sz S S o 2 3
2 Yy 35 3 g k= S R = L K 5 =
= 173 I kot = = X ] @ =} S o
< 8 5 5 g £ £ & S 5 £ g
= a o & < 3 0

Control 0,771g 0,114 f 15,945 f 0,107b  0,077c 3,689 f 20,324 ¢ 43,129d 0,637 f 0,406 e

oA 1,0 1,177d 0,109 g 14,437 ¢ 0,108b 0,081b 8,623 b 19,615d 58,232 a 1,218b 0,208 f

2,5 1,090e  0155¢c 19,324d 0115a 0,055d  8469b  20,953b  48,648c  1,152¢ 0,574 ¢

5,0 1,538¢ 0,248 a 19,854 ¢ 0,085e 0,096 a 6,584 d 17,726 f 52,266 b 1,295a 1,440 a

Control 0,918 f 0,157 ¢ 21,364 b 0,080f 0,040f 4394 e 18,443 e 47,863 ¢ 0,616 f 0,473 de

A 10 1173d  0,163b  18203e 0084e 0045e¢  7,043c  19,753d  48771c  0772d  0516¢cd

2,5 3707a  0140d 19,054d 0092d 0030h  6520d  29613a  42,644d  0484g 0,654 b

5,0 2,044 b 0,122 e 24,762 a 0,095¢c 0,035¢g 8,822a 15,147 g 48,983 ¢ 0,741 e 0,556 ¢

“There is a statistical difference between the means with different letters in the same column (p<0.05).



50

Emine Sema C etin and Ali Tufan Ersenel:

ACKNOWLEDGEMENTS

Author Contribution: Emine Sema CETIN contributed
to this work in the experimental design and setup, lab
processing of samples, data analysis, manuscript writing and
discussion. Ali Tufan ERSENEL contributed to lab processing
of samples, data interpretation, manuscript writing and
discussion. Authors read and approved the final manuscript.

Conflict of interest: E.S. Cetin and A.T. Ersenel declare
that they have no competing interests.

REFERENCES

(1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

(0]

[10]

[11]

Aras Asci, 0., 2020, Grape and grape products in a healthy
life., Bilge Int. J. Sci. Tech. Res., 4, 22-32.

Wasternack, C., and Hause, B., 2013, Jasmonates: biosynthesis,
perception, signal transduction and action in plant stress response,
growth and development., Ann. Bot., 111, 1021-1058.

Demole, E., 1962, Isolement Et Détermination De La Structure
du Jasmonate de Méthyle, Constituant Odorant Caractéristique
de L'essence de Jasmin Isolement et Détermination de la
Structure du Jasmonate de Méthyle, Constituant Odorant
Caractéristique de L'essence de Jasmin., Helvetica Chimica
Acta, 45, 675-685.

Saito, N., Munemasa, S., Nakamura, Y., Shimoishi, Y., Mori,
I.C., Murata, Y., 2008, Roles of RCN1, regulatory a subunit
of protein phosphatase 2A, in methyl jasmonate signaling
and signal crosstalk between methyl jasmonate and abscisic
acid., Plant Cell Physiol., 49, 1396-1401

Akter, N., Sobahan, M.A., Hossain, M.A., Uraji, M., Nakamura,
Y., Mori, I.C., and Murata Y., 2010, The involvement of
intracellular glutathione in methyl jasmonate signaling in
arabidopsis guard cells., Biosci. Biotech. Biochem., 74,
2504-2506.

Hossain, M.A., Munemasa, S., Uraji, M., Nakamura, Y., Mori,
I.C., and Murata, Y., 2011, Involvement of endogenous
abscisic acid in methyl jasmonate induced stomatal closure
in arabidopsis. Plant Physiol., 156, 430-438.

Cocetta, G., Rossoni, M., Gardana, C., Mignani, I., Ferrante,
A., and Spinardi, A., 2015. Methyl jasmonate affects phenolic
metabolism and gene expression in blueberry (Vaccinium
corymbosum)., Physiol. Plantarum, 153, 269-283.

Cetin, E.S., and Gokturk Baydar, N., 2016, Elicitor applications
on cell suspension culture for synthesis of phenolic
compounds on grapevine., J. Agric. Sci., 22, 42-53.

Larronde, F., Gaudillere, J.P., Decendit, A., Deffieux, G.,
and Merillon, J.M., 2003, Airborne methyl jasmonate
induces stilbene accumulation in the leaves and berries of
grapevine plants. Amer. J. Enol. Vitic., 54, 63-66.

Belhadj, A., Saigne, C., Telef, N., Cluzet, S., Bouscaut, J.,
Corio Costet, M.F., and Meérillon, J.M., 2006, Methyl
jasmonate induces defense responses in grapevine and
triggers protection against Erysiphe necator., J. Agric. Food
Chem., 54, 9119-9125.

Vezzulli, S., Civardi, S., Ferrari, F., and Bavaresco, L., 2007,
Methyl jasmonate treatment as a trigger of resveratrol

Enrichment of Extract Composition
of Merzifon Karas1 Grape Cultivar with MeJA Elicitor

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

synthesis in cultivated grapevine., Amer. J. Enol. Vitic.,
58(4), 530-533.

Ruiz Garcia, Y., Romero Cascales, I., Gil-Mufoz, R.,
Fernandez Fernandez, J.I., Lopez Roca, J.M., and Gémez
Plaza, E., 2012, Improving grape phenolic content and wine
chromatic characteristics through the use of two different
elicitors: Methyl jasmonate versus benzothiadiazole. J. Agric.
Food Chem., 60, 1283-1290.

Portu, J., Santamari, P., Lopez-Alfaro, I., Lopez, R., and
Garde-Cerdan, T., 2015, Methyl jasmonate foliar application
to Tempranillo vineyard improved grape and wine phenolic
content., J. Agric. Food Chem., 63(8), 2328-2337.

Wang, C., Zhang, J., Xie, J., Yu, J., Li, J., Lv, J., Gao, Y., Niu,
T., and Patience, B.E., 2022, Effects of preharvest methyl
jasmonate and salicylic acid treatments on growth, quality,
volatile components, and antioxidant systems of chinese
chives. Front. Plant Sci., 12. DOI: 10.3389/fpls.2021.767335

Caponio, F., Alloggio, V., and Gomes, T., 1999, Phenolic
compounds of virgin olive oil: Influence of paste preparation
techniques, Food Chem., 64, 203-2009.

Singleton, V.L., and Rossi, J.R., 1965, Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid.,
Amer. J. Enol. Vitic., 16, 144-158.

Dai, G.H., Andary, C., Mondolot, L., and Boubals, D., 1995,
Involment of phenolic compounds in the resistance of
grapevine callus to downy mildew (Plasmopara viticola). Eur.
J. Plant Pathol., 101, 541-547.

Armous, A., Makris, D.P., and Kefalas, P., 2001, Effect of
principal polyphenolic components in relation to antioxidant
characteristics of aged red wines., J. Agric. Food Chem., 49
(12), 5736-5742.

Qu, J.G., Zhang, W., Jin, M.F., and Yu, X.J., 2006, Effect of
homogeneity on cell growth and anthocyanin biosynthesis in
suspension cultures of Vitis vinifera., Chinese J. Biotechnol.,
22 (5), 805- 810.

Gomes, T., Caponio, F., and Alloggio, V., 1999, Phenolic
compounds of virgin olive oil influence of paste preperation
techniques., Food Chem., 64, 203-209.

Kose, S., Kaklikkaya, N., Koral, S., Tufan, B., Buruk, K.C., and
Aydin, F., 2011, Commercial test kits and the determination
of histamine in traditional (ethnic) fish products-evaluation
against an EU accepted HPLC method., Food Chem., 125 (4),
1490-1497.

Aktas, A.H., Sen, S., Yilmazer, M., and Cubuk, E., 2005,
Determination of carboxylic acids in apple juice by RP
HPLC., JCCE, 24(1), 1-6.

Secilmis Canbay, H., and Bardakgi, B., 2011, Determination
of fatty acid, C, H, N, and trace element composition in
grape seed by GC/MS, FTIR, Elemental Analyzer and
ICP/OES., SDU J. Sci., 6(2), 140-148.

Chen, J.Y., Wen, P.F., Kong, W.F., Pan, Q.H., Zhan, J.C., and
Li, J.M., 2006, Effect of salicylic acid on phenylpropanoids
and phenylalanine-lyase in harvested grape berries., Postharvest
Biol. Technol., 40, 64-72.

Heredia, J.B., and Cisneros-Zevallos, L., 2009, The effects
of exogenous ethylene and methyl jasmonate on the
accumulation of phenolic antioxidants in selected whole and


https://scholar.google.com.tr/citations?view_op=view_citation&hl=en&user=pWQYn_kAAAAJ&citation_for_view=pWQYn_kAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=en&user=pWQYn_kAAAAJ&citation_for_view=pWQYn_kAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=en&user=pWQYn_kAAAAJ&citation_for_view=pWQYn_kAAAAJ:zYLM7Y9cAGgC

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

International Journal of Plant Research 2023, 13(1): 43-51

wounded fresh produce., Food Chem., 115, 1500-1508.

Shafig, M,, Singh, Z., and Khan, A.S., 2011, Pre-harvest
spray application of methyl jasmonate improves red blush and
flavonoid content in ‘Cripps Pink’ apple., J. Hortic. Sci.
Biotechnol., 86, 422-430.

Cao, S., Zheng, Y., Yang, Z., Wang, K., and Rui, H., 2009,
Effect of methyl jasmonate on quality and antioxidant activity
of postharvest loquat fruit., J. Sci. Food Agric., 89, 2064-2070.

Martinez-Espl4, A., Zapata, P.J., Castillo, S., Guillén, F., and
Martinez Romero, D., 2014, Preharvest application of methyl
jasmonate (MeJA) in two plum cultivars. Improvement of
fruit growth and quality attributes at harvest., Postharvest
Biol. Technol., 98, 98-105.

Ozturk, B., Ozkan, Y., and Yildiz, K., 2014, Methyl
jasmonate treatments influence bioactive compounds and red
peel color development of Braeburn apple., Turkish J. Agric.
Forest., 38, 688-699.

Ozturk, A., Yildiz, K., Ozturk, B., Karakaya, O., Gun S, etal.,
2019, Maintaining postharvest quality of medlar (Mespilus
germanica) fruit using modified atmosphere packaging and
methyl jasmonate., LWT-Food Sci. Technol., 111, 117-124.

Garcia-Pastor, M.E., Serrano, M., Guillén, F., Giménez, M.J.,
Martinez- Romero, D. et al., 2020, Preharvest application of
methyl jasmonate increases crop yield, fruit quality and
bioactive compounds in pomegranate ‘Mollar de Elche’ at
harvest and during postharvest storage., J. Sci. Food Agric.,
100, 145-153.

Ghasemnezhad, M., and Javaherdashti, M., 2008, Effect of
methyl jasmonate treatment on antioxidant capacity, internal
quality and postharvest life of raspberry fruit., J. Environ. Sci.,
6, 73-78.

Wang, K., Jin, P, Cao, S., Shang, H., Yang, Z., and Zheng, Y.,
2009, Methyl jasmonate reduces decay and enhances
antioxidant capacity in chinese bayberries., J. Agric. Food
Chem., 57, 5809-5815.

Flores, G., and Ruiz del Castillo, M.L., 2014, Influence of
preharvest and postharvest methyl jasmonate treatments on
flavonoid content and metabolomic enzymes in red raspberry.,
Postharvest Biol. Technol., 97, 77-82.

Andrys, D., Kulpa, D., Grzeszczuk, M., and Biatecka, B., 2018,
Influence of jasmonic acid on the growth and antimicrobial
and antioxidant activities of Lavandula angustifolia Mill.
propagated in vitro., Folia Hortic., 30(1), 3-13.

Sellapan, P., Rohani, E.R., and Noor, N.M., 2018,
Sesquiterpene production in methyl jasmonate-induced
Persicaria minor cell suspension culture., Sains Malaysiana,

Copyright © 2023 The Author(s). Published by Scientific & Academic Publishing
This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

51

47(12), 3051-3059.

Kondo, S., Tsukada, N., Niimi, Y., and Seto, H., 2001,
Interactions between jasmonates and abscisic acid in apple
fruit, and stimulative effect of jasmonates on anthocyanin
accumulation., J. Jpn. Soc. Hortic. Sci., 70, 546-552.

Rudell, D.R., Fellman, J.K., and Mattheis, J.P., 2005,
Preharvest application of methyl jasmonate to ‘Fuji’ apples
enhances red coloration and affects fruit size, splitting, and
bitter pit incidence., Hortsci., 40, 1760-1762.

Horbowicz M., Wiczkowski W., Koczodaj D., and Saniewski
M., 2011, Effects of methyl jasmonate on accumulation of
flavonoids in seedlings of common buckwheat (Fagopyrum
Esculentum Moench)., Acta Biol. Hung., 62(3), 265-278.

Shafig, M., Singh, Z., and Kha, A., 2013, Time of methyl
jasmonate application influences the development of ‘Cripps
Pink’ apple fruit colour., J.Sci. Food Agric., 93, 611-618.

Saracoglu, O., Ozturk, B., Yildiz, K., and Kucuker E., 2017,
Pre-harvest methyl jasmonate treatments delayed ripening
and improved quality of sweet cherry fruits., Sci. Hortic., 226,
19- 23.

Rehman, M., Singh, Z., and Khurshid, T., 2018, Methyl
jasmonate alleviates chilling injury and regulates fruit quality
in ‘Midknight” Valencia orange., Postharvest Biol. Technol.,
141, 58- 62.

Boonyaritthongchai, P., and Supapvanich, S., 2017, Effects of
methyl jasmonate on physicochemical qualities and internal
browning of ‘Queen’ pineapple fruit during cold storage.,
Hortic. Environ. Biotechnol., 58, 479-487.

Rogowska, A., Stpiczynska, M., Paczkowski, C., and Szakiel,
A., 2022, The influence of exogenous jasmonic acid on the
biosynthesis of steroids and triterpenoids in Calendula
officinalis plants and hairy root culture., Int. J. Mol. Sci., 23,
12173.

Kamble, C., Chavan, R., and Kamble, V., 2022, A review on
amino acids., J. Drug Des. Discov., 8(3), 19-27.

van Dam, N.M., and Oomen, M.W., 2008, Root and shoot
jasmonic acid applications differentially affect leaf chemistry
and herbivore growth., Plant Signal. Behav., 3(2), 91-98.

Salles, C., Nicklaus, S., and Septier, C., 2003, Determination
and gustatory properties of taste-active compounds in tomato
juice., Food Chem., 81(3), 395-402.

Scheible, W.R., Gonzalez-Fontes, A., Lauerer, M.,
Muller-Rober, B., Caboche, M., and Stitt, M., 1997, Nitrate
acts as a signal to induce organic acid metabolism and repress
starch metabolism in tobacco., Plant Cell, 9(5), 783-798.



