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Abstract Non-selective dumping and burning of agricultural waste have caused
severe health hazards and environmental pollution. However, these waste materials
can be utilized sustainably as soil fertilizer, renewable energy feedstock, and valoriza-
tion for essential nutrients and phytochemicals. Being an agrarian country, India
produces a significant amount of agricultural waste, further contributing to a severe
environmental hazard. Therefore, there is a dire need to address this serious issue
for the sustainable utilization of agricultural waste. In the present study, passion fruit
bagasse (seed) was processed to extract valuable phytochemicals following several
bioorganic chemistry techniques and then characterized for their identification and
biological activities (in vitro antioxidant activity and antibacterial activity). '"H NMR,
13C NMR, HPLC, and mass spectrometry confirmed three vital phytochemicals of
which two are stilbenoids and the other one is dihydroxy benzoic acid. These isolated
and identified compounds were further subjected to in vitro antioxidant activity using
DPPH assay, where the stilbenoid compounds showed superior results than the dihy-
droxy benzoic acid. However, these isolated compounds showed significantly higher
antioxidant activity than other tested standard compounds like ascorbic acid, ferulic
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acid, and quercetin. This study indicated that futile waste passion fruit bagasse could
be bio-processed for isolating value-added phytochemicals. Further, because of the
crucial biological activity possessed by the isolated phytochemicals, their application
in the food, health, pharmaceutical, and cosmetic sectors would be very promising.

Keywords Waste valorization - Passion fruit - Preparative HPLC - Antioxidant
activity - Antidiabetic activity

1 Introduction

Generally, the human antioxidant system balances antioxidant and reacting oxygen
species like hydroxyl and superoxide inside the body. However, an unhealthy lifestyle
and exposure to UV radiation accelerate reactive oxygen species (ROS) formation
inside the body. Hence, the body’s defense system could not maintain balance. Free
radical generation in cells causes oxidative stress that induces many life-threatening
diseases such as cancer, diabetes, and senescence. These free radicals attack DNA,
proteins, and lipids, promoting narcosis and cell death. To encounter these issues,
external antioxidants in natural extracts or oxidative quencher medications are in high
demand nowadays. These natural extracts are vitamins (ascorbic acid, a tocopherol),
polyphenols (phenolic acid, stilbene, flavonoids, etc.), anthocyanins, carotenoids,
etc. Polyphenols are well known for their anti-aging, antioxidant, antidiabetic, and
anticancer properties. Previously, many plant extracts such as Anchusa italica [1],
Clinacanthus nutans [2], and Avicennia marina [3] have also been analyzed for these
activities.

Diabetes, more precisely type 2 diabetes, is of great health concern worldwide
because of the concerning statistics [4]. When the pancreases cannot provide suffi-
cient insulin to the body, carbohydrate metabolism gets delayed, resulting in an
increase in sugar levels in the blood. Furthermore, reacting oxygen species also
cause diabetes by accelerating oxidative stress in the body. Non-enzymatic glyco-
sylation [5] is one of the possible mechanisms for oxidative stress-related diabetes.
However, natural antioxidants isolated from different fruit, vegetables, and waste
by-products (peel, seed, pomace, bark, leaves, root, etc.) can help reduce oxidative
stress-related diabetes in the body.

Passiflora edulis var. flavicarpa (yellow passion fruit) is a not much-explored
fruit in India. It is mostly consumed for its delicious juice, and the rest peel and
seeds are discarded as waste or used for cattle feed [6]. The application of juice
and rind has been considered by many research groups for food product application.
Different varieties of passion fruit juice, rind, and their application in the field of
food have been mentioned in Table 1. Passion fruit (PF) seed is one of the major
waste by-products discarded directly by the beverage industries after juice extraction.
They do not process the waste by-products for waste management which eventually
increase environmental pollution. So far, for waste valorization, different sustainable
approaches have been explored. Therefore, different methods for waste handling
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Tabl.e 1_ A summary of th.e Species name | Plant part used | Application References
applications of passion fruit
juice and rind in food product P edulis Juice Cardiac tonic | [9]
development P Juice Antibacterial | [10]
quadrangularis
P. edulis Juice Aromatic [11]
flavicarpa profile
P. edulis Juice Functional [12]
meat product
P. edulis Peel Kefir drink [13]
Sfavicarpa
P. edulis Peel and seed | Liquid yogurt | [14]
P. edulis f. Peel Aromatic spirit | [15]
Sfavicarpa
P. edulis Peel Additive for [12]
spam like meat
P. edulis Peel Property [16]
enhancement of
burger

have been highly studied over the last decade. Reuse and recycling of agro-waste
for the development of value-added products are often addressed first in the waste
management hierarchy. The reuse of agro-waste to produce commercial products
is growing day by day and is often called a bio-refinery process. Products devel-
oped from bio-refinery are classified as bio-fuels, bio-fertilizers, bio-chemicals, food
additives, pigments, etc. [7]. For example, vegetable and fruit waste by-products are
considered to isolate various pharmaceutically active ingredients to mitigate severe
life-threatening diseases such as diabetes and oxidative stress.

In one of our recent studies [8], many polyphenols including gallic acid, caffeic
acid, ferulic acid, p-coumaric acid, quercetin, myricetin, etc. have been identified
from the peel and seed of yellow passion fruit. Those phytochemicals displayed
profound antioxidant and antibacterial properties. However, many unidentified HPLC
peaks encouraged us to further phytochemical mining of other prevalent novel
compounds in the seed of PF. Therefore, in this study, systematic isolation approaches
including fractionation, column chromatography, and preparative HPLC methods
were followed to achieve maximum yield of Piceatannol (PT) and Protocatechuic
acid (PCA) were targeted using various bioorganic tools followed by the assessment
of their in vitro antioxidant and antidiabetic properties.
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2 Materials and Methods

2.1 Sample and Chemicals

Yellow passion fruits (YPF) were collected from a local market in Manipur, India.
Yellow passion fruit seeds (YPFS) were separated from the juice sacs and further
dried and properly stored. All the chemicals used for extraction and fraction were
of analytical grade and were procured from Nacalai Tesque Co. (Kyoto, Japan).
Diaion HP20SS used for reverse phase column chromatography was purchased from
Mitsubishi Chemical Co., Tokyo, Japan. Antioxidant standards were purchased from
Sigma Aldrich. The a-amylase and a-glucosidase enzymes were purchased from
Sigma Aldrich.

2.2 Extraction and Fractionation of Yellow Passion Fruit
Seeds

Initially, the seed sample was extracted with n-hexane to remove the oleaginous
substances. The hexane-defatted seed sample (37.5 g) was subjected to Soxhlet
extraction using a methanol:water ratio of 80:20 for 48 h. Later, the hydro-alcoholic
extract was concentrated using rotary evaporation. Finally, the dried extract was
stored in a 4 °C refrigerator until future use. Fractionation of the extract was carried
out using 6.5 g extract and with different solvents such as hexane, dichloromethane
(DCM), ethyl acetate (EtOAc), and butanol (BuOH). Two volumes of each solvent
were added to the separating flask for the complete extraction of various phytochem-
icals in respective solvents. Afterwards, the fractions were dried using a vacuum
evaporator and stored at 4 °C. The EtOAc fraction was further treated with an equal
volume of 1 M NaOH followed by an equal amount of 1 M HCl to achieve maximum
phenolic acid in the said fraction. The polyphenol-rich HCI-treated EtOAc fraction
was further evaporated, and the dried fraction was stored in a 4 °C refrigerator for
later use.

2.3 Separation and Isolation of Purified Compounds

Major peaks from the EtOAc and BuOH fractions were identified using a gradient
HPLC (Jasco 4000 series HPLC unit, PDA detector, and 5C;g-MS-II Cosmosil
Packed column at 35 °C). A volume of 5 L of a sample (10 mg/ml stock) was injected
with a solvent system of 5-40% acetonitrile and 0.5% formic acid for 0-30 min.
Major peaks were identified at 254 and 330 nm. Further, the major peaks containing
fractions were subjected to reverse phase column chromatography (RPCC) using
HP20SS ion exchange to separate PT and PCA. The column was eluted sequentially
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from 20% up to 100% with methanol and different fractions were collected. All the
fractions collected from the RPCC were analyzed through analytical HPLC, and
the solvent system was optimized for further isolation through preparative HPLC.
Further, the purified compounds (major peaks selected from the analytical HPLC)
were isolated using a preparative HPLC (Jasco 875UV preparative HPLC coupled
with UV detector) and Prep ODS Inertsil column (10 mm ID, 250 mm, GL Sciences
Inc., Tokyo, Japan) using a column temperature of 35 °C with the optimized condi-
tion of 30% methanol with 0.5% formic acid at 254 nm. Required fractions of the
samples (PT and PCA) were collected batch-wise. Finally, all eluent systems were
mixed together and evaporated to obtain the purified samples. Finally, the purified
compounds were stored in ambered color vials and kept at —20 °C in a refrigerator.

2.4 Characterization of Purified Compounds

The purified compounds such as PT and PCA were dissolved separately in CD;0D
and analyzed through 'H and '*C-NMR (JEOL ECA 500 spectrometer, JEOL, Tokyo,
Japan). The molecular mass of the purified compounds was obtained from a JMS-
T100TD mass spectrometer (JEOL). The purified compounds were dissolved in a
methanolic solution before carrying out mass spectrometry. The data were collected
in ESI (electro-spin ionization) negative mode.

2.5 In Vitro Biological Activities of Piceatannol
and Protocatechuic Acid

In vitro antioxidant activity of the purified PT and PCA was performed using DPPH
and ABTS methods mentioned by Purohit et al. [8]. In brief, 3 mL of 2-10 pg/mL
sample (dissolved in methanol) was mixed with 1 mL of DPPH (0.1 mM DPPH in
methanol) following an incubation period of 30 min, and the absorbance was recorded
at 517 nm. For, ABTS analysis, a sample of the same concentration was dissolved in
1 mL methanol and mixed with 3 mL of ABTS (diluted with water) following 20 min
incubation, and the absorbance was recorded at 765 nm. The free radical inhibitory
concentration of PT and PCA was further compared with six alternate standards such
as gallic acid, caffeic acid, ferulic acid, ascorbic acid, p-coumaric acid, and quercetin.

The in vitro antidiabetic activity of purified PT and PCA was estimated by
a-amylase and a-glucosidase activities These were determined by following the
methodologies outlined in the relevant prior art article [17]. In brief, for a-amylase
activity, 1-5 pg/mL of sample (50 pL) was treated with 50 pL of a-amylase
(0.5 mg/mL in 0.1 M PBS, pH 6.8) for 15 min at 37 °C. Afterward, 1% starch
solution (50 wL) was added to the mixture and left for another 20 min at 37 °C.
Then, 100 1 of DNS solution was added followed by boiling for 15 min. Then, the
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samples were diluted with water (1 ml) and the absorbance was recorded at 540 nm.
Acarbose was used as the standard. The inhibition percentage was estimated using
the following Eq. 1:

(AbsCont. - AbsCont.BG) - (AbsSamp. - AbSSump.BG) «
(AbsCOntA - AbSConz.BG)

100
(D

DlInhibition =

where Abs cont. refers to the absorbance of the control group, BG represents
absorbance of background, and Absgmp is the absorbance of the sample/standard
compound.

The a-glucosidase activity of purified PT and PCA was also determined using
a prior article [17]. In short, 1-5 pg/mL of the sample or 100-500 ng/mL of the
standard were mixed separately with a-glucosidase enzyme (50 L) and incubated
for 15 min at 37 °C. After that, | mM of 4-Nitrophenyl-f-D-glucopyranoside (50 L)
was added to the solution following an incubation period of 20 min at 37 °C. Then,
100 pL of Na,CO3 was added to the mixture, and the absorbance was recorded at
405 nm. The inhibition percentage of a-glucosidase by PT and PCA was calculated
using Eq. 1.

2.6 Statistical Analysis

Results reported for antioxidant and antidiabetic activities are presented as mean +
SD of two independent experiments in duplicates.

3 Results and Discussion

3.1 Extraction and Purification of Piceatannol
and Protocatechuic Acid

The fruit sample, seed, and purified compounds with their structures are presented
in Fig. 1. The purified compounds were derived from hydro-alcoholic extraction of
the defatted seed sample followed by fractionation, column chromatography, and
preparative HPLC.

From the hydro-alcoholic extraction of YPFES, 7.2 g (19.2%) extract was recov-
ered. Further, 6.5 g extract was subjected to fractionation using various solvents
mentioned in the materials and method section. After the fractionation process, the
EtOAc and BuoH fractions yielded maximum extract quantities, i.e. 1.54 and 2.68 g,
respectively. To identify the tentative PT and PCA, both EtOAc and BuoH fractions
were subjected to gradient HPLC. Their respective chromatograms are presented in
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Fig. 1 Transverse section of yellow passion fruit (a), cleaned seeds from the juice sacs of passion
fruit (b), purified Piceatannol along with its molecular structure (c), and purified Protocatechuic
acid (d) along with its molecular structure

Fig. 2a, b. Further, the presumed PT was isolated using a preparative HPLC (Fig. 3a
and the chromatograms for purified PT are presented in Fig. 3b. The intensity of
presumed PCA was found to be very low in HPLC analysis (Fig. 3c). Hence, the
compound was identified using a polyphenol standard protocatechuic acid (Fig. 3d),
and the chromatogram of the purified PCA is presented in Fig. 3e.

3.2 Identification of Piceatannol and Protocatechuic Acid

The NMR and mass spectra of PT are presented in Fig. 4. The negative mode ESI-
MS revealed the pseudo molecular ion peak at m/z 243.08 at [M—H]~. The chemical
shift (8), coupling constant (J), and peak signals (brt, brd, Dd, s, and d) of '"H NMR
(500 MHz, CD3;0D) are presented. These are 8: 6.15 (1H, brt, J: 2.2 Hz), 6.43 (2H,
brd, J: 2.3 Hz), 6.72 (1H, brd, J: 2.5 Hz), 6.74 (1H, s), 6.75 (1H, s), 6.82 (1H, Dd,
J: 1.9 Hz), 6.83 (1H, Dd, J: 2.2 Hz), 6.87 (1H, s), 6.90 (1H, s), and 6.97 (2H, d, J:
2.2 Hz). The chemical shiftin *C NMR (CD;0D) is as follows: 8: 40.3, 49.5, 102.5,
105.7,113.7,116.3, 120.1, 126.9, 129.6, 130.9, 141.2, 146.4 2, and 159.5. The result
from this experiment was in accord with the literature data [18] which suggested that
the purified compound is a stilbene compound termed piceatannol (C4H;,0y4).
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Fig. 4 '"HNMR (a) and 13C NMR (b) of purified PT

From the 'H NMR, compound 2 was identified as Protocatechuic acid, as
presented in Fig. 5. The negative mode ESI-MS of this compound showed the pseudo
ion peak at m/z 153.02 at [M-H]~. The chemical shift (3), coupling constant (J), and
peak signals (brt, brd, Dd, s, and d) of 'H-NMR (600 MHz, CD50D) are §: 6.93
(1H, d, J: 8.0 Hz), 7.39 (1H, dd, J: 8 Hz, J: 1.5 Hz), and 7.42 (1H, d, J: 1.5 Hz). The
amount of this compound was significantly less; hence the compound was identified
using HPLC analysis by comparing the retention time with the standard compound.
From the proton NMR and mass spectroscopy, the compound was assumed to be
a dihydroxy benzoic acid and further, it was confirmed as the Protocatechuic acid
(C7Hg04) from the HPLC analysis. The 'H NMR data are in agreement with the
available data in a relevant prior article [19].

3.3 Biological Activity of Piceatannol and Protocatechuic
Acid

The in vitro antioxidant activity of PT and PCA was measured by DPPH and ABTS
methods, and their results are presented as ICsy value in Table 2. Further, inhibitory
activity was compared with various standard compounds. Both PT and PCA exhib-
ited profound antioxidant activity against the tested commercial antioxidant antiox-
idants. PT showed superior antioxidant activity against ferulic acid (9.80 &+ 0.01),
caffeic acid (5.77 & 0.04), ascorbic acid (3.95), and quercetin (7.85 £ 0.01) in the
DPPH assay. A similar trend was also noticed in the ABTS assay. Moreover, PCA
showed significantly high antioxidant activity compared to all standard antioxidants
as well as PT. Both PT and PCA underperformed the in vitro antioxidant activity
in comparison to gallic acid (0.89 £ 0.01, DPPH assay). Both DPPH and ABTS
analyses are based on the principle of electron transfer or hydrogen ion transfer [6].
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Fig. 5 'H NMR of purified PCA

The antioxidant molecules donate electrons or hydrogen ions to the free radicals
and thereby quench and reduce them. Various reports suggest hydroxyl and methoxy
groups have a major tendency for donating electrons [20], and therefore the profound
antioxidant activity of PT [21] and PCA [22] can be argued. The present study indi-
cates that passion fruit-derived PT and PCA are high in antioxidant activity than
many commercial antioxidant product systems. Therefore, they can be considered
for commercial application. This step could add to the valorization of the waste
passion fruit seed.

The parametric data are presented in terms of the ICsy value after taking the
mean of two individual experiments (in duplicate). All values (jug/ml) of antidia-
betic and antioxidant experiments are presented as mean = SD. NA refers to not
applicable in the representation. Similarly, the abbreviations are PT—Piceatannol;
PCA—Protocatechuic acid; GA—Gallic acid; FA—Farulic acid; CA—Caffeic acid;
p-CA—p-Coumaric acid; AA—Ascorbic acid; and Q—Quercetin.

The PT and PCA isolated and identified from YPFS were verified for their in-vitro
antidiabetic activity and in terms of two different polysaccharide digestive enzymes
(a-amylase and a-glucosidase). The results are presented as ICsy values in Table 2.
The PCA exhibited better antidiabetic activity (2.12 = 0.02 pg/ml in a-amylase and
1.89 £ 0.02 in a-glycosidase activity) compared with PT. The antidiabetic activity
of PCA in the present study is in accordance with the reported data [23, 24]. PCAis a
well-known phenolic acid found in many plant species [23, 24] with profound antiox-
idant, antidiabetic, and anticancer activities. Moreover, delaying glucose absorption
in the body to manage the postprandial glycemic level is one of the approaches
being followed for type 2 diabetes [25]. The a-amylase and a-glucosidase diges-
tive enzymes are major digestive enzymes that take part in carbohydrate digestion
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and thereby help in instantly increasing blood glucose levels. Nowadays, natural
extract-driven inhibition of these enzymes for delaying carbohydrate digestion is
mostly considered as an indirect antidiabetic approach. Stilbenes (resveratrol and its
analogues) have been proven to have antidiabetic activity in the literature [26] due
to the presence of maximum hydroxyl groups that assist in increasing the bioavail-
ability of the compound [27]. PT is a stilbene molecule majorly found in different
Prunus species and passion fruit seeds [21]. PT has also proven to be an oxidative
stress quencher for many cancer diseases. Such an outcome exhibits more scope for
the related evaluation of these compounds in terms of preclinical and clinical studies.

4 Conclusions

In summary, this study reported the isolation of PT and PCA from YPFS by
employing various bioorganic chemistry steps, and furthering their antioxidant and
antidiabetic activity. Both compounds were found to be effective antioxidant and
antidiabetic molecules. PT and PCA were also found to show superior antioxi-
dant activity against different standard polyphenols including caffeic acid, ascorbic,
quercetin, etc. This study also reported that PT and PCA inhibited both a-amylase
and a-glucosidase digestive enzymes. However, more evidence in terms of preclin-
ical and clinical studies is required. Further, the study also depicted the valorization
of waste passion fruit seeds for the isolation of bioactive phytochemicals such as PT
and PCA. Such a research directive can open a prospectus for therapeutic product
development from waste.
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