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ABSTRACT: The genus Carica L. (Caricaceae) is presented by 22 species where C. papaya L. is the most widely cultivated
and best-known species. It is native in Middle and South America, and consumed for its nutritional values. Also, its
medicinal uses such as antimicrobial, antihelmintic, antifungal, hepatoprotective and diuretic among others are known.
In this present study, it was aimed to analyse the chemical compositions of C. papaya (cv. Sel 42) essential and fatty oils
from Antalya cultivars. Essential oils (EOs) from leaf, ripe and unripe fruits of C. papaya were obtained by
hydrodistillation using a Clevenger type apparatus. The essential oils were subsequently analysed by both Gas
chromatography (GC) and Gas chromatography-Mass spectrometry (GC-MS). Benzyl isothiocyanate (86.3; 100; 94.4%)
was found as the main constituent of the EOs of C. papaya leaf, ripe and unripe fruits, respectively. Dried and fresh seeds
of C. papaya fatty acids (FAs) were extracted with n-hexane in a Soxhlet apparatus, and after the methylation the
chemical compositions were determined by GC and GC-MS systems. The major FAs of both dried and fresh seeds of C.
papaya were oleic acid (72; 70%), palmitic acid (15%; 16.4%), linoleic acid (5.3%; 5.1%), respectively. The C. papaya EOs
and FAs were evaluated also for their in vitro antimicrobial properties against different microbial strains by the agar disk
well diffusion method. The EOs and FAs showed relatively weak antimicrobial activity against the tested Escherichia coli
NRRL B-3008, Bacillus subtilis NRRL B-4378, and Candida albicans ATCC 10231, respectively. Further biological
evaluations are ongoing.
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1. INTRODUCTION

Carica papaya L. (Caricaceae) is a large, arboreal, herbaceous perennial plant with soft, simple stem
growing up to 5-10 m tall, with sparsely arranged leaves at the top of the stem, the lower stem is scarred
where leaves and fruits are born, widely distributed in tropical and subtropical regions. It is originally from
southern Mexico, Central America and the northern part of South America [1,2]. Papaya has spread to
different parts of the world, such as Brazil, Mexico, and Hainan Island. Brazil accounts for a large part of the
world production. It is followed by Mexico, Nigeria, and India [3,4]. All parts of C. papaya, such as leaves,
fruits, seeds, flowers, and roots, are used as food and for medicinal purposes. It is a tropical fruit that is
widely used for its unique aroma and flavor and is a rich source of vitamins and enzymes. The fruit of C.
papaya has an aromatic, lemony flavor and a dense, soft flesh. The surface of the fruit has a waxy finish and is
thin. However, it is quite rough. The fruits hang directly in clusters on short and thick stems in the leaf axils.
While the immature fruits are still green, over time they become quite large and have a different coloration,
ranging from yellow to red. This color change during the transition from immature fruit to maturity is an
indicator of a decrease in the amount of chlorophyll and an increase in the amount of carotene. The
transformation to a red color is also due to the lycopene content. When the fruit is green and firm, it is rich in
white milky juice [2,3,5]. In addition, profiles of volatile compounds of C. papaya have also been identified.
The major volatile components of the fruit are isothiocyanate methylbenzene, D-octalactone, butanoic acid,
hexadecanoic acid, benzyl isothiocyanate, and p-myrcene [6-8]. The seed of C. papaya contains a high
percentage of benzyl isothiocyanate [4]. The main volatile compounds of the leaves are benzyl nitrile, f-
nitroethanol, thiocyanic acid phenyl methyl ester, hexadecen-1-ol, and 9-octadecenamide [9, 10]. Benzyl
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isothiocyanate, oleic acid, palmitic acid, stearic acid, linoleic acid, and linolenic acid are among the important
fatty acids present in C. papaya [3,4].

The biological activities of C. papaya are owed due to high content of vitamin A, B and C, proteolytic
enzymes like papain and chymopapain [11]. In addition, it has different in vitro biological activities such as
antioxidant, antimicrobial, antifertility, antitumor, antiinflammatory [12-14], histaminergic, diuretic,
antiamoebic, antihelmintic, antimalarial, hypoglycemic, immunomodulatory activity, antiulcer, wound
healing, hepatoprotective, antihypertensive among others [2, 3, 11]. Among the parts of the plant used for
medicinal purposes, especially the use of seeds is prominent, which constitute 7% of the fruit weight.
Extracts obtained from seeds have been reported to have anticancer, hypolipidemic, anti-inflammatory and
antifertility activities. There are many in vitro, in vivo and clinical studies on C. papaya [3, 4, 12-15]. Within the
scope of this study, it was aimed to determine the chemical composition of the leaves and fruit essential oils,
ripe and unripe fruit seed fatty oils of cultivated C. papaya grown in Antalya/Tiirkiye. In addition, the
antimicrobial activities of the essential and fatty oils obtained were investigated.

2. RESULTS AND DISCUSSION

2.1. Chemical Compositions of Essential Oils

The essential oils of C. papaya leaves, ripe and unripe fruit obtained by Clevenger apparatus and
analyzed by GC and GC-MS, simultaneously. The oil yields of 0.1%, 1.2% and 1.4%, respectively. Benzyl
isothiocyanate was determined as the main component for leaves, ripe and unripe fruit essential oils (86.3%,
100%, 94.4%). The other major compound in leaves essential oil was determined as phytol (6.3%). All
components of essential oils were given in Table 1. According to these results, it was determined that
whether the fruit is ripe or not changes the chemical composition of the essential oil.

Table 1. Chemical components of Carica papaya essential oils

Leaves Ripe fruit  Unripe fruit

RRI= Component 0/pb % % M
1255 y-Terpinene - - 0.2 RRI, MS
1280 p-Cymene - - 0.2 RRI, MS
1290 Terpinolene - - 0.2 RRI, MS
1740 a-Muurolene - - tre MS
1773 0-Cadinene - - 0.3 MS
1878  2,5-Dimethoxy-p-cymene - - 1.9 MS
1957 Benzene acetonitrile 54 - 24 MS
2084 Benzyl isothiocyanate 86.3 100.0 94.4 RRI, MS, NMR
2622 Phytol 6.3 - - RRIL, MS
Total 98.0 100.0 99.6

aRRI: Relative retention indices calculated against n-alkanes

%: calculated from FID data

ctr: Trace (< 0.1 %)

IM: Identification method based on the relative retention indices (RRI) of authentic compounds on the HP Innowax column; MS,
identified on the basis of computer matching of the mass spectra with those of the Wiley and MassFinder libraries and
comparison with literature data

Benzyl isothiocyanate (100%) was determined in essential oil as a major component. Benzyl
isothiocyanate structure was confirmed by comparing the data obtained according to the analysis results
with the literature data of this compound. In previous studies, a volatile compound of benzyl isothiocyanate
was found at high rates in the seeds of the C. papaya. With the maturation of C. papaya fruits, the rate of
benzyl isothiocyanate in seeds increases. The presence of such a high rate of benzyl isothiocyanate
compounds in the seed is a very rare condition seen in plants [3, 4, 16]. Because of this reason, the essential oil
in question contains a single substance at a high rate, spectroscopic data was used to confirm the structure of
the benzyl isothiocyanate compound. The mass spectrum of the benzyl isothiocyanate compound is shown
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in Figure 1. The "H-NMR and ®C-NMR spectra are shown in Figure 2,3, respectively. It gave multiple proton
peaks in the range of 7.00-7.50 ppm in the H-NMR spectrum (Figure 4-6). These peaks indicated the
presence of the benzene ring. The other specific peak in the structure of benzyl isothiocyanate shown at 4.93
ppm and the carbons in the benzene ring in the ¥C-NMR spectrum shown their presence in the range of 128-
135 ppm. The carbon attached to the nitrogen atoms peaks at 48.47 ppm. Carbon, which has a connection
with sulfur and nitrogen atoms, showed its presence at 129.34 ppm. Proton and carbon NMR values found
as a result of the analysis were compared with only proton NMR values in the study of Chem Draw Prof
application Barroso et al. [3].
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Figure 1. Chromatogram of Carica papaya leaves essential oil
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Figure 2. Mass spectrum of Benzyl isothiocyanate
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Figure 3. Chromatogram of Carica papaya ripe fruit essential oil
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Figure 5. Benzyl isothiocyanate 13C-NMR
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Figure 6. Chromatogram of Carica papaya unripe fruit essential oil

2.2, Chemical Compositions of Fatty Acids

Fatty oils were obtained from the dried and fresh seeds of C. papaya by Soxhlet apparatus with n-
hexane. The oil yields of 2.6% and 3.3%, respectively. Analysis was performed after the methylation process.
GC and GC-MS results of methylated fatty oils were given in Table 2. The other chromatograms presented in
Figure 7and 8.

As a result of the analysis, there is not much difference in terms of fatty acid composition for fatty oils,
but only a proportional difference has been detected. Oleic acid (72.0%; 70.0%), palmitic acid (15.0%; 16.4%)
and linoleic acid (5.3%; 5.1%) were determined as the main compounds of dried and fresh seed fatty oils,
respectively.

Table 2. Fatty acids of Carica papaya dried and fresh seeds

Fatty acids Dried seed (%) Fresh seed (%)
Myristic (14:0) tr 0.1
Palmitic (16:0) 15.0 16.4
Palmitoleic (16:1) 0.2 0.3
Margaric (17:0) trb 0.2
Stearic (18:0) 4.0 4.0
Oleic (18:1) 72.0 70.0
Elaidic (18:1) 25 1.5
Linoleic (18:2) 53 5.1
Linolenic (18:3) 0.3 0.3
Arachidic (20:0) 0.3 0.5
Eicosadienoic (20:2) 0.2 0.6
Behenic (22:0) 0.2 0.4
Total 100 99.4

2%: calculated from FID data; tr: Trace (< 0.1 %)
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Figure 7. Chromatogram of Carica papaya dried seed fatty acids
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Figure 8. Chromatogram of Carica papaya fresh seed fatty acids

In previous studies, Soxhlet apparatus, solvent extraction and CO; supercritical fluid methods were
used to obtain fatty oil from the seeds of C. papaya [3, 17, 18]. The methanol:diethyl ether (70:30) solvent
system was preferred in the Soxhlet apparatus. Benzyl isothiocyanate compound was found as the main
compound in the extractions made using supercritical fluid methods [3, 19]. Oleic acid, palmitic acid and
stearic acid were determined as the main compounds in the extractions with hexane and in the studies
performed by Soxhlet apparatus [16-18]. Oleic acid, one of the fatty acids found most in fatty oil, showed
thermal oxidative properties, because it is a monounsaturated fatty acid in its structure. Oil with
monounsaturated fatty acid content is generally used in skin care products due to its emollient properties,
while it is also used in bath oils, hair preparations and make-up materials [18, 21].

2.3. Antimicrobial activity

Antimicrobial activity of C. papaya essential and fatty oils was tested against Gram negative Escherichia
coli NRRL B-3008, Gram positive Bacillus subtilis NRRL-B4378 and Candida albicans ATCC 10231 by Agar disc
diffusion method. The standards, amphotericin B for fungi, ampicillin and ciprofloxacin for bacteria, used as
positive controls. According to the results, no inhibition zones were determined in the concentrations tried
in essential and fatty oils. However, highest antimicrobial activity ampicillin and amphotericin B with 5 mm
zone diameter against B. subtilis and C. albicans, respectively. Ciprofloxacin showed moderate activity
against E. coli (10 mm).

According to the He et al. (2017) the highest antifungal activity was found seed essential oil of C.
papaya against C. parapsilosis ATCC 22019 strain (33.2+0.8 and 4.0 pg/mL) [4]. In addition, in previous
antimicrobial activity studies, different extracts of the flower, root, fruit and seeds of the C. papaya were
studied. Antimicrobial activities of extracts prepared with polar solvents were found to be more effective
than essential oils [22-25].

C. papaya, which is a very valuable plant, has the potential to be an important source in areas such as
the food and cosmetics industry, thanks to the oleic acid contained by its fresh and dry seed fatty oil. Benzyl
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isothiocyanate, which is found as the main compound in the essential oils obtained from the C. papaya,
shows that the plant can be used for the purpose of obtaining active substance in the pharmaceutical
industry as well. To the best of our knowledge, benzyl isothiocyanate is found in essential oil obtained from
leaves of C. papaya for the first time in this study.

3. CONCLUSION

The increasing interest in tropical fruits, which also have biological activities with their rich and
valuable chemical content, also has commercial potential in various fields. The initial results of C. papaya
from Turkish cultivars from Antalya suggest further detailed studies of both chemical variation and
biological activities. In addition, benzyl isothiocyanate was detected for the first time in the essential oil of C.
papaya in this work.

4. MATERIALS AND METHODS
4.1. Plant materials

Leaves, ripe and unripe fruits of C. papaya were collected grown in subtropical condition (Antalya
province of Tiirkiye). Essential oils (EOs) from leaf, ripe and unripe fruits of C. papaya were obtained by
hydrodistillation using a Clevenger type apparatus for 3 h. Dried and fresh seeds of C. papaya fatty acids
(FAs) were extracted with n-hexane (Sigma-Aldrich) (250 mL-8 h) in a Soxhlet apparatus, and after the
methylation the chemical compositions were determined by GC and GC-MS systems.

4.2. GC and GC-MS analyses

Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS) analyses processes
were performed with reference to Demirci et al. (2015) [26].

Identification of the essential oil components were carried out by comparison of their relative
retention times with those of authentic samples or by comparison of their relative retention index (RRI) to
series of n-alkanes. Computer matching against commercial (Wiley GC/MS Library, MassFinder Software
4.0) and in-house ““Bager Library of Essential Oil Constituents” built up by genuine compounds and
components of known oils [26].

4.3.TH-NMR and 13C-NMR

Major component of C. papaya essential oil was analyzed in DMSO-d6 solvent against
tetramethylsilane (TMS) standard using Bruker DPX 300 NMR spectrometer for proton NMR and Bruker
DPX 57 spectrometer for carbon NMR [27].

4.4. Antimicrobial activity

The antimicrobial activities of the essential and fatty oils were evaluated by agar disc diffusion assay
according to a modified Clinical and Laboratory Standards Institute (CLSI) CLSI M02-A11 and CLSI M44-A2
method [28, 29]. Concentrations of test samples were 10 mg/mL in dimethyl sulfoxide (DMSO, Sigma-
Aldrich). Antimicrobial activity of samples evaluated against Escherichia coli NRRL B-3008, Bacillus subtilis
NRRL B-4378, Candida albicans ATCC 10231 strains. 100 pL of microorganisms with a turbidometric setting of
0.5 McFarland were inoculated into Petri plates containing Muller Hilton Agar (Sigma-Aldrich), for bacteria
and Potato Dextrose Agar (Sigma-Aldrich) for fungi. After the medium surface dried, 20 pL test samples
were added to the blocks opened on petri dishes with a 6 mm diameter sterile agar drill. Zones of inhibition
(IZ) formed after 24 hours of 37°C incubation were measured. Ampicillin (20 pg/mL) for B. subtilis,
ciprofloxacin (10 pg/mL) for E. coli, and Amphotericin B (20 ng/mL) for C. albicans were used as reference
materials. The experiment was carried out in duplicate [28, 29].
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