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Abstract. Majumder S, Acharyya S, Ghosh A, Chakraborty S, Sarkar S, Saha S, Bhattacharya M. 2021. Insights into low biological activity
of wax apple (Syzygium samarangense) juice by in vitro phytochemical investigation with special reference to metabolomics. Asian J Nat
Prod Biochem 19: 30-38. Wax-apple (Syzygium samarangense) is an Asian waxy and juicy fruit that is reported as antidiarrheal and useful
in diseases like dysentery. Moreover, no stronger medicinal evidence has been found associated with this fruit and its juice to ensure more
biological activities and composition. Being edible, waxy and juicy, this fruit is quite popular in coastal areas and islands, but the absence of
stronger medicinal and biochemical evidence associated with this fruit or its juice has created a worldwide underutilizing status. In this
research, we intended to investigate phytochemical characteristics and composition of this fruit juice through detailed biochemical tests and
metabolomics. Qualitative detection tests for bioactive groups of molecules (tannin, coumarin, cardiac glycosides, terpenoids, flavonoids,
phenol, etc.), antioxidant assay, and antibacterial test simply showed its low in vitro biological activity. A GC-MS based metabolomics was
performed where presence of wax components like long-chain hydrocarbons has been revealed. Based on the GC-MS based metabolomics a
proposed pathway of wax apple's wax biosynthesis has been established. The overall study strongly clarified the absence of bioactive
components in this fruit and proved that the fruit, named wax apple, is actually a source of natural waxes that can be responsible for its claimed

antidiarrheal property.
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Abbreviations: WAJ: Wax apple juice; GC-MS: Gas Chromatography-Mass Spectrometry, DPPH: 2,2-diphenyl-1-picrylhydrazyl, DBP:

Dibutyl phthalate

INTRODUCTION

Wax apple is an underutilized waxy tropical fruit
commonly called Java apple, samarang rose apple, jambu
semarang (Indonesia) and jamrul in Bengal (India), also
known as, jambu ayer rhio (Malaya), pini jambu (Ceylon),
chom pu kao, or chom pu kio (Thailand), makopa
(Philippines), cashu di Surinam, or Curacaose appel
(Curacao), wax jambu and water apple (Morton 1987; Lim
2012). The fruit is usually white or light-red, sometimes
greenish-white or cream-colored, pear-shaped, narrow at the
base and flattened with fleshy calyx lobes at the apex. The
skin of the fruit is very thin; the flesh is white, spongy and
dry to juicy, slightly acidic and flavorless. The fruit is
usually eaten fresh but is also used in salads. In Thailand, it
is most popular in addition to spicy shrimp salad (Fruitsinfo
2021). In Malaya, the greenish ones are eaten raw with salt
or may be cooked as a sauce or stewed with true apples
(Morton 1987). The wax apple tree is an evergreen tree (5-
15 m tall) growing only at the lower altitudes up to 1,220 m
in India (Morton 1987). According to WCSP (2021) (Royal
Botanic Gardens, Kew) wax jambu is identified as Syzygium
samarangense (Blume) Merr. & L.M.Perry, J. Arnold
Arbor. 19: 115 (1938) belonging to the family Myrtaceae.

The tree is indigenous in Asia from Malaya to the Andaman
and Nicobar Islands. It is widely found in the Philippines
islands, Thailand, Cambodia, Laos, Vietnam, Taiwan, India
and Bangladesh. Now it is also very popular in the places
like Jamaica, Suriname and the islands of Curacao, Aruba
and Bonaire, etc. Khandaker and Boyce (2016) studied the
Botany of wax apple in-depth in a review article where three
edible cultivars of wax apple were described viz. ‘Masam
manis pink’, ‘Jambu madu red’ and ‘Giant green’ cultivar
from south Asia. Giant green cultivar is the greenish-white
wax apple (creamy white when ripen), also known as white
wax apple or 'Jamrul’ (mainly grown in sub-Himalayan
plains of West Bengal, India) was chosen for this study. The
complete distribution of these cultivars (both native and
exotic ranges) has been reported in that article where regions
of Southeastern Asia (sub-mountain plains of eastern
Himalayas) have been stated. Jambu madu red (red wax
apple) and Masam manis pink (pink wax apple) are reported
to be native to Malay region (Khandaker and Boyce 2016).
This tropical plant and its fruit are reported to be useful
in diseases like dysentery, amenorrhea, diabetes, cough,
headaches, and fever. A compound named vescalagin, which
was isolated from fruits of Syzygium samarangense, showed
hypoglycaemic activity (Shen et al. 2013). According to
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Ghayur et al. (2006), Reynertson et al. (2008) and Shen et
al. (2013) the fruits can exhibit antidiarrheal activities. Not
only the fruits but other parts of jamrul plant as well have
reported health benefits. The leaf extract revealed
immunomodulatory, analgesic and anti-inflammatory and
anti-hyperglycemic effects as well as analgesic, anti-
inflammatory and CNS activities (Kuo et al. 2004; Amor et
al. 2004; Shahreen et al. 2011; Resurreccion-Magno et al.
2005) whereas the astringent bark is used as mouthwash,
abortifacient as well as in diarrhea, helminthiasis, etc.
(Morton 1987). The ethanolic extract of bark of this tropical
showed dose dependent anthelmintic activities (Gayen et al.
2016). Interestingly, flowers of this plant are astringent and
used in Taiwan to treat fever and halt diarrhea (Morton 1987;
Mollika et al. 2014). Bioactive compounds like triterpenoids
and chalcone were also reported in aerial parts of Syzygium
samarangense (Srivastava et al. 1995).

Though there are several reports on ethnomedicinal use
of java apple, but investigations and identification of
compounds in its fruit juice (main edible part of the plant)
by chromatography technology and metabolomics have not
yet been conducted. Even, to date, biochemistry didn't reveal
the reason why the word "wax" is used with the name of this
fruit. So, to meet up these lacunae, our research was
designed to study the phytochemical profile of this fruit juice
with in vitro biochemical experiments.

MATERIALS AND METHODS

Collection of sample and its preparation

Matured creamy-white colored wax apple fruits
(“Jamrul” in West Bengal, India and Bangladesh) were
harvested from a matured plant in Jayantika Tea Estate,
Darjeeling (26°32'06.0"N, 88°16'18.0"E) and were brought
fresh to laboratory for downstream experiments (Figure 1).
A herbarium specimen was also prepared and deposited in
Kalimpong College Herbarium (Voucher no. KPGC/MB/90)
where a proper identification of the fruit (White wax apple
or Syzygium samarangense (Blume) Merr. & L.M. Perry)
was done by botanists of Kalimpong College (West Bengal).
After collection fresh fruits were washed under running cold
water to remove dust and were rubbed with blotting paper to
remove water from its surface. Selected healthy fruits were
crushed and squeezed properly to separate the juice (Figure
1) completely from the pulp. Wax apple juice (WAJ) was
then filtered and used in further study.

Qualitative chemical tests

Qualitative detection tests for bioactive groups of
molecules like tannin, coumarin, cardiac glycosides, steroid,
terpenoids, flavonoids, phenol, proteins, starch and reducing
sugar in WAJ were done using the protocols of Ghosh et al.
(2020) and Das et al. (2020) (Table 1).

Antioxidant activity (DPPH assay)
Antioxidant or free radical scavenging activity by DPPH
assay was conducted following the protocol of Bhattacharya

et al. (2009) with slight modifications. To 2800 pL of the
methanol solution of 0.2 mM DPPH (SRL, India), 200 puL of
WAJ was added. The mixture was vortexed vigorously and
incubated at room temperature for 30 minutes in dark.
Absorbance was measured at 517 nm by UV-Vis
spectrophotometer. DPPH scavenging activity was
measured as ug AAE/mL (ascorbic acid equivalent) because
ascorbic acid was used to prepare the standard curve to
quantify the antioxidant value. Result is given as means of
total of five replications.

Antibacterial test

Antibacterial activity of WAJ was tested by well
diffusion method following Ghosh et al. (2020) and Das et
al. (2020). Overnight grown broth culture of two gram
positive (Staphylococcus aureus and Bacillus cereus) and
two gram negative (Escherichia coli and Klebsiella
pneumoniae) bacteria were used for the present study to
assess the antibacterial activities of synthesized samples.
Mueller-Hinton (MH) agar media (HiMedia) was used for
this test. The media was autoclaved and plated under sterile
conditions in laminar air flow cabinet. 100 pL of bacterial
strains were added separately to each plate containing
media. Circular wells were dug out by sterilized steel cork-
borer. 100 pL of each WAJ was poured into the well by
using sterilized pipettes. The plates were incubated
overnight at 37 °C for 24 hours.

GC-MS based metabolomics

Fresh jamrul juice or WAJ (1 mL) was dissolved in 1 mL
methanol (Sigma Aldrich, Germany) prior for GC-MS
analysis following the protocol of Majumder et al. (2020)
and Chakraborty et al. (2021). Being widely used ideal
solvent in phytochemistry compared to another organic
solvent, methanol was chosen for extraction. Moreover,
polarity of methanol as an organic solvent shows closeness
with that of water (primary solvent of any fruit juice).
GCMS-QP2010 Plus (Shimadzu Co., Japan) was used in this
analysis where DB-5 fused-silica capillary column (0.25 um
film thickness, 0.25 mm internal diameter and 30m of
length). Analysis was performed by injecting 1 uL each
sample with a split ratio of 20:1. Injection temperature was
260°C and interface temperature was set to 270°C. Ion
Source temperature was adjusted to 230°C. Helium gas
(99.9%) was used as carrier gas. Total flow rate and column
flow rate were 16.3 mL/min and 1.21 mL/min respectively.
Mass spectra were recorded at 5 scan/sec with a scanning
rate of 40-650 m/z. The compounds were identified after
comparing the spectral configurations obtained with that of
available mass spectral database. The compounds were
detected using library databases like NIST08s.LIB and
WILEYS.LIB. The chromatogram (TIC or Total Ion
Chromatogram) is based on the intensity of fragments
produced by the ionization. Quantification of the amount
(area %) of each compound was done on the basis of peak
areas.
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Figure 1. A. Wax apple or Syzygium samarangense tree, B. Fresh Syzygium samarangense fruits or wax apples (white wax apple or jamrul), C.
Handmade wax apple juice from freshly harvested fruits

Table 1. Methods and results of qualitative chemical tests

Few drops of 10% FeCls solution was added to 1 mL of sample. A green or blue color would indicate the
To 0.5 mL sample and few drops of HNO;3 was added. The reddish to yellow color of the solution would indicate

0.5 mL of sample were evaporated and dissolved in 1 mL glacial acetic acid. 1 drop of 10% FeCl3 solution
followed by 1 mL of Conc. H2SO4 was added by the side of test tube. Appearance of brown color rings at the

1 mL of 4% NaOH solution and a few drops of 1% CuSO4 solution were added to 3 mL of sample solution. A
Few drops of NaOH solution was added to 1 mL of sample. Yellow coloration would indicate the presence of

50 uL sample was evaporated. The remaining was dissolved in chloroform and concentrated H2SO4 was added
from the sidewall of test tubes. Formation of red to reddish-brown coloration at the base would confirm the

For test of 0.5 mL samples were evaporated and dissolved in 2 mL chloroform. 2 mL of Conc. H2SOs was
introduced carefully by the sidewall of the test tube. Formation of red color ring would confirm the presence of

5 mg FeCl; was added to 1 mL of sample, followed by vigorous shaking. Green coloration would indicate the

Phytochemicals Qualitative detection method
Flavonoids
presence of flavonoids.
Tannin
the presence of tannins.
Cardiac glycosides
interface would indicate the presence of cardiac glycosides.
Protein
violet or pink color would indicate presence of protein.
Coumarin
coumarin
Terpenoid
presence of terpenoids.
Steroid
steroid.
Phenol
presence of Phenol
Starch

Reducing sugar

Iodine solution wax added drop by drop into the sample. Dark blue coloration would indicate the presence of
starch.

Benedict's reagent was added to the sample, heated and it turns yellowish-orange. The final color would confirm
the presence of reducing sugar.

Data analysis

analysis unlike GC-MS (which is scientifically more

The data obtained from GCMS analysis were further
analyzed by studying available literature. Biosynthesis
pathways of metabolites have been discussed and a probable
GC-MS based pathway of WAJ metabolites has been
proposed after studying literature and KEGG PATHWAY
database (Majumder et al. 2020).

Spectrophotometric investigation
UV-visible absorbance spectrum analysis is a very
preliminary  spectrum-based compound determination

profound), but here, this spectrophotometric absorbance
spectrum was taken into consideration as a cross-check
strategy to determine presence of the only major compound
of WAJ i.e. hexadecane. Protocols described by Pektas et al.
(2009) and Smith et al. (1967) were followed in this
experiment with a slight modification. For comparison
marketed hexadecane (Sigma Aldrich, Germany) was used.
Samples were prepared following the same concentration
where hexadecane (pure) being finely soluble in diethyl
ether was dissolved in the targeted solvent and WAJ was
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also extracted with diethyl ether (fresh juice was not used for
being a waterbased sample). After zeroing with diethyl
ether, absorbance spectrum of the samples was taken (200-
800 nm wavelength) using Cary 60 UV-Vis Spectrometer
(Agilent) and graphs were obtained thereafter.

RESULTS AND DISCUSSION

Qualitative chemical tests

Qualitative tests can provide an idea about presence of
valuable groups of organic molecules in test sample. Where
none of the organic groups like tannin, coumarin, cardiac
glycosides, steroid, terpenoids, flavonoids, phenol, proteins,
and starch were detected in fresh juice of WAJ except
reducing sugar. Juice of any tropical fruit juices usually
contains flavonoids or phenolic acids that confer free radical
scavenging activity to a great extent, so, it was quite
surprising that fruit juice of wax apple tested completely
negative for the presence of those components.

Antioxidant activity (DPPH assay)

DPPH free radical scavenging activity of fresh WAJ
resulted in 55.59+0.819 png AAE/mL (Ascorbic acid
equivalent where IC50 value is 43.11). Previous studies on
fruit juices are considered (described in the discussion
section) then our experiment on WAJ definitely showed very
low level of inhibition which actually has supported the low
antioxidant activity of the fruit juice.

Antibacterial test

No visible inhibition zone was found in the plates after
three repeated tests which confirmed that WAJ has no
significant antibacterial property against these bacterial samples.

Hexadecane (77.26%)
'y

16.133

Gas chromatography-mass spectrometry analysis and
metabolomics

Gas chromatography-mass spectrometry analysis of
WAJ dissolved in methanol revealed presence of six
different compounds. The chromatogram of GC-MS
showing peaks is depicted in Figure 2 and Table 2.

Out of the six compounds detected by GC-MS, only
three compounds (hexadecane; dibutyl phthalate or DBP;
and elaidic acid, methyl ester) are found to have potential
bioactive properties. Detected compounds trans-1-hexanoyl-
2-(1-(phenylseleno)-1-(trimethylsilyl) methyl-cyclopropane
and cyclododecasiloxane, tetracosamethyl are reported
contaminations (GC-MS contaminants) from the column
bleeding and siloxane is a column matrix component along
with silyl, silane, siloxyl- are derivatives. So, hexadecane, a
long chain alkane or wax is the only abundant compound
with 77.26% peak area here (mass spectrum is given in
Figure 3). Elaidic acid, methyl ester is a bioactive
unsaturated omega-9 fatty acid ester and trans-isomer of
oleic acid which is a food component also (National Center
for Biotechnology Information 2021). Elaidic acid, methyl
ester also consists of long-chain and these types of long-
chain fatty acid esters are also considered as waxy
components (Whitaker et al. 2001). 5-Tetradecyne was also
detected with a minor area in GC-MS analysis 5-tetradecyne
is a long chain alkyne hydrocarbon which is also a wax.
Biosynthesis pathways of WAJ waxes (hexadecane and
claidate) have been studied and a pathway has been
proposed which is based on KEGG pathway database and
other reviewed literature and general rules of phytochemical
synthesis and has been described in the section ‘Discussion’
section.

A
FE

5-Tetradecyne (0.53%)
‘-L\NV\A—W\

Methyl elaidate (1.44%)

YTIC*1.00

Figure 2. GC-MS chromatogram of WAJ showing peaks of waxes like hexadecane, 5-tetradecyne and methyl elaidate
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Peak no. R.Time Area Area% Name
1 14.336 27387 0.75  Trans-1-hexanoyl-2-(1-(phenylseleno)-1-(trimethylsilyl)methyl)cyclopropane
2 16.133 2820658 7726  Hexadecane
3 20.079 632605 1733 Dibutyl phthalate or DBP
4 21.342 19472 0.53  5-Tetradecyne
5 21.398 52550 144  Elaidic acid, methyl ester
6 23.358 98260 2.69  Cyclododecasiloxane, tetracosamethyl
3650932 100

Spectrophotometric determination of hexadecane

Both images of the absorbance spectrums obtained after
the analysis are given in Figure 4 which, being finely and
parallel overlapped, has clearly indicated that both WAJ and
hexadecane have very much similarities. A slight
dissimilarity is visible because raw WAJ contains not only
hexadecane but also other hydrocarbons or fatty acids
(detected in GC-MS). But, the level of accuracy with the
graph of hexadecane (pure) shown by raw WAJ definitely
proves the majority of hexadecane in it.

Discussion

Antioxidants have diverse role to play in the life of
organisms by maintaining a balance between pro-oxidation
and anti-oxidation (Bhattacharya and Chakraborty 2015).
After assessing and observing all the preliminary
phytochemical experiments like qualitative test, anti-oxidant
assay, and antibacterial test, it was confirmed that this fruit
juice has no such significant bioactivity. Previously, many
scientists (Rekha et al. 2012; Zou et al. 2016) have done
profound research on fruit juices and their antioxidant
properties which has helped in this research to evaluate the
antioxidant property of WAJ in a comparative way and
according to those previous studies, DPPH scavenging value
of 5.5 mg AAE by 100 mL of a juice is very much low.
Moreover, absence of important bioactive groups in WAJ
such as, flavonoids, phenols, cardiac glycosides and
coumarins, is also proportional to its antioxidant and
antibacterial activity. So, finally, a GC-MS-based
metabolomic study became needful to know about the
phytochemicals or the metabolites present in this fruit juice
which might help to investigate the low bioactivity of WAJ
at a molecular level. In previous research, Khandaker et al.
(2015) conducted antioxidant, antimicrobial and other
biochemical tests for three cultivars of wax apple, where red
and pink wax apple showed significantly higher bioactivity
compared to green giant cultivar (white wax apple). This
research conforms to our findings.

GC-MS analysis solved our confusion regarding low in
vitro bioactivity was resolved. All the results are parallel to

the results for the preliminary tests where no significant
antioxidant or antimicrobial activity was detected. But, what
was found, was only some huge peaks of compounds
biosynthesized through wax biosynthesis pathway. Actually,
in nature, long chains of alkanes, alkynes, fatty acids, esters
(mainly hydrocarbons with long aliphatic alkyl chains), etc.
are considered waxes. So, components like hexadecane,
elaidate and 5-tetradecyne detected in WAJ are the waxes of
wax apple juice. Being the major component, it is justified
that hexadecane is the main wax of wax apple and it should
be the reason behind mentioning the word wax before this
fruit’s name. Hexadecane is a liquid wax, viscous in nature.
Alkanes are saturated hydrocarbons and chemically very
inert or less reactive as they are apolar molecules (Labinger
and Bercaw 2002; Singh et al. 2012) but, they can be broken
down into potential bioactive forms (mainly fatty acids)
under the influence of microorganism (Singh et al. 2012). It
is reported that microbial biodegradation of hexadecane
(Volke-Sepulveda et al. 2003) is the only probable way
where  bio-active  components like  hexadecanol,
hexadecanal, hexadecanoic acid, etc. are synthesized from
the compound. Other waxes like methyl elaidate (long-chain
fatty acid ester) and 5-tetradecyne (long-chain alkyne) were
also found but detected in a minute quantity in this research.
Interestingly, fatty acid esters and long-chain hydrocarbons
have a close physicochemical affinity with natural waxes in
nature as fatty acid esters like oleates, elaidates and
palmitates are often found in beeswax (Buchwald et al.
2009; Tulloch 1980) along with alkanes (WAJ compound
hexadecane) and alkynes (WAJ compound 5-tetradecyne).
Other than beeswax, there are several examples regarding
plants or vegetable wax where cuticular or epicuticular wax,
seed oil extracts, fruit coatings, etc. are reported to contain
several long-chain hydrocarbons along with fatty acids
esters (Seigler 1998; Majumder et al. 2020a). So, wax apple
is not going to be the only example here. Furthermore, none
of the detected natural compounds of WAJ has any flavor
which also justifies the flavorlessness of wax apple.
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Figure 4. UV-visible spectrum of hexadecane and WAJ

Biosynthesis pathway of wax like long-chain alkanes,
alkynes, fatty acids, their esters, etc. are established in
KEGG (Kyoto Encyclopedia of Genes and Genomes)
database (KEGG 2021) where unsaturated fatty acids after
biosynthesis and elongation produce metabolites such as
elaidates (C18) or other long-chain fatty acids, wax esters
and hexadecane (long-chain alkanes), etc. Wax biosynthesis
generally begins with unsaturated fatty acid biosynthesis in
the plastid. Then after fatty acid elongation (FAE), long-
chain fatty acids like C16 (palmitic acid), C18 (oleic acid or
elaidic acid), C22 (docosanoic acid) or very long chains
(C24-C34) are synthesized, and parallely elongated products
like several alkanes, secondary alcohols, ketones, primary
alcohols and wax esters are produced (KEGG 2021; Kunst
and Samuels 2003). Interestingly, two wax components of
WAJ, hexadecane and elaidic acid, methyl ester are
intermediates of the same pathway which has no report to
date but follows the general wax biosynthesis pathway and
theoretically possible if nature of reactions is concerned. In
between synthesis of elongated long-chain fatty acid through
and synthesis of fatty acyl-CoA, fatty acid oxidation occurs

on the outer mitochondrial membrane by acyl-CoA
synthetase where one molecule of coenzyme A and one
molecule of adenosine triphosphate (ATP) are used
(Oxidation of Fatty Acids 2020). Then, oxidation of the fatty
acyl-CoA occurs in the mitochondrial matrix via a sequence
of reactions known as B-oxidation. Moreover, production of
heptadecanal (a probable precursor of hexadecane) from
acyl Co-A of an octadecanoic acid is reported in living
organisms (Foulon et al. 2005) while synthesis of odd chain
fatty acid (C-17, a probable precursor of hexadecane) from
even chain (C-18) is also established (Jenkins et al. 2015),
but in bacteria. However, in plant wax biosynthesis pathway
the fatty acyl Co-A is converted into long-chain aldehydes,
alkanes, secondary alcohols and ketones respectively
through a series of decarbonylation reactions which involves
loss of CO, thus, the number of carbon seems to be decreased
one by one from the chain. But, there is no reported pathway
to define formation of hexadecane from elaidic acid, so,
Figure 5 is proposed. Previously reported decarbonylation
reactions like, formation of heptadecane from octadecanal
(Cheesbrough and Kolattukudy 1984) in plants or formation
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of hexadecane from heptadecanal (Foo et al. 2017) in micro-
organisms can also support this GC-MS metabolomics based
probable pathway describing possibilities of formation of
hexadecane from elaidic acid (an octadecanoic acid) through
enzymatic reaction. Scientist Kunst and Samuels (2003)
have done a profound study on this pathway, mainly
cuticular wax biosynthesis pathway. According to their
research, from fatty acid synthesis to formation of C18
(octadecanoic acids) takes place in plastid while fatty acid
elongation to very long-chain fatty acid (VLCFA) formation
occurs in endoplasmic reticulum (ER). Furthermore, acyl
reduction and decarbonylation reactions occur on domains
of the ER (associated with plasma membrane) and finally
deposited in the cell wall as cuticular waxes. Generally,
regarding aliphatic natural wax components, their class and
site of synthesis depend on the chain length like n-alkanes,
secondary alcohols, ketones, fatty alcohols, long-chain fatty
acids, VLCFA, aldehydes and wax esters where WAJ
component elaidic acid (C18) is a long-chain fatty acid (not
VLCFA) and hexadecane (C16) is an alkane (not VLC
alkane). According to previous reports, it is highly likely that
enzyme decarbonylase is located in the cell wall matrix
(Cheesbrough and Kolattukudy 1984; Kunst and Samuels
2003) and this proposed pathway also supports the activity
of decarbonylase as a C18 fatty acid is detected which is
suggested to be the precursor of the major producti.e.,a C16
alkane. Moreover, the presence of hexadecane and the
majority of this liquid wax in wax apple also suggest that no

more fatty acid elongation (VLCFA synthesis) occurred
after synthesizing the only detected C18 fatty acid. So,
decarbonylation occurred in wax apple soon after C18 fatty
acid synthesis in plastid which blocked synthesis of farther
VLCFAs or wax esters. However, according to Yeats and
Rose (2013), the enzymatic basis of alkane synthesis is still
a long unresolved question, mainly for long-chain alkanes
(non-VLC) while microbial biosynthesis of alkanes from
C18 fatty acids is more established. Brown et al. (2019) have
done an extensive study on microbial biosynthesis of alkane
where C25-C33 range has been categorized as VLC alkanes
and shorter alkanes (like C16 or hexadecane of WAIJ) as
mid-chain alkanes. According to their study, biosynthesis of
alkanes in eukaryotic cells occur directly from C12, C14,
C16, C18, and C20 saturated fatty acids through enzymatic
decarboxylation by OleT or fatty acid decarboxylase
(Belcher et al. 2014; Brown et al. 2019). But, some recent
research articles (Sorigué et al. 2017; Huijbers et al. 2018)
have described enzyme fatty acid decarboxylase activity in
eukaryotes (in photosynthetic algae) has increased the
accuracy of this proposed alkane biosynthesis pathway from
C18 fatty acids. It is reported that in the chloroplast
membrane of microalgae Chlorella and Chlamydomonas,
fatty acid photo decarboxylase (FAP) converts exogenous
fatty acids to alkanes (Sorigué et al. 2017). The proposed
biosynthetic route of WAJ wax is very simple and has been
adapted from KEGG pathway database and other literature
described earlier (given in Figure 5).

Plastid
membrane

Decarboxylase

Acyl Co-A synthatasrj/ C17 fatty acid

Acyl Co-A of C17 fatty acid

C16 (palmitic acid)— C18 (oleic acid
or elaidic acid) — C22 (docosanoic
acid) — VLCFA (C24-C34)

) Elaidic acid (C1 fatty acid)
u e S —

Acyl-CoA synthatase \"\‘

lAcyl-C oA lyase

Biosynthesis of unsaturated fatty acid

»~= Fatty acid elongation

Endoplasmic reticulum(ER)
~ and Cytoplasm

Acyl Co-A of elaidic acid A

l‘%_fatty acid decarboxylase

_?(or fatty acid photo decarboxylase)
L e e e Heptadecanal (C17 aldehyde)

Decarbonylase v

Cell wall matrix

Hexadecane (C16 alkane)

Figure 5. Proposed biosynthesis pathway of the WAJ metabolome (Wax)
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Source of DBP (another major compound of WAJ) in
wax apple juice is confusing because it has been already
reported as contamination from lab wares (Majumder et al.
2020b) and the probable reason for presence of phthalate in
WAJ can be its exposure to laboratory materials like
Eppendorf tubes, beaker, GC-MS machinery, etc. However,
DBP is reported as highly bioactive (antioxidant,
antibacterial) glucose-derived component (Zhang et al.
2018) from shikimic acid pathway. While, results and
observations of qualitative chemical tests antioxidant and
antibacterial tests, GC-MS metabolomics-based pathway
studies and spectrophotometric evaluation, etc. oppose the
occurrence of DBP in WAJ. Although, presence of reducing
sugar suggests chemical reactions for synthesis of dibutyl
phthalate from sugars (glucose) of fresh WAJ as none of any
sugar-derived compound was detected in GC-MS, but due to
lacking strong reports it cannot be considered.

Reportedly, wax apple is useful in diseases like
dysentery or diarrhea and, interestingly, revealed
metabolites of WAJ also support this health claim. After
assessing GC-MS analysis and spectrophotometric
evaluation, presence of huge amount of hexadecane in this
fruit juice has been proven which, being viscid or gelatinous
liquid in nature, may definitely be the reason behind
antidiarrheal activity. Moreover, elaidate is known to
increase plasma cholesteryl ester transfer protein (CETP)
activity which lowers HDL cholesterol (Abbey and Nestel
1994). But, presence of the compound in very minute
amount, showing negative results in all of the above in vitro
phytochemical tests and absence of major phytochemical
groups surely demote the medicinal value of WAJ by giving
the “low bioactive” tag on it. Absence of bioactive groups of
molecules, low in vitro antioxidant activity, absence of
inhibition zones in antimicrobial assays, abundance of wax
compound hexadecane, and design of unexplored
biosynthesis pathway of wax apple's wax biosynthesis
through metabolomics; are the key findings of this study.
The outcome of this research and evidence of microbial
biodegradation of hexadecane may increase the utility of
wax apple by using this low bioactive fruit in different
research areas like fermentation biotechnology where
biodegradation can convert this low bioactive substrate into
various bioactive forms. Moreover, this research suggests
that bioactive potentiality of any plant cannot be depended
only on results of biochemical assays, metabolomics can
play the role of an important parameter to judge
acceptability of any underutilized product. Both Masam
manis pink and Jambu madu red are reported as better in
quality regarding yield, flavor and functional uses unlike the
giant green cultivar (greenish-white wax apple) which was
chosen for this study because of its availability and
significance as a native cultivar in our study area (sub-
Himalayan plains of West Bengal, India). Research on
genetics and ecology of this plant are imperative to resolve
the dilemma. Large quantity of hexadecane found in plant
can be explored for beneficial purposes.
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