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Abstract

Across the global tropics, passion fruit (Passiflora edulis) is valued for its aroma and acidity, but the
full scope of its phytochemical diversity especially in marginal coastal environments remains poorly
mapped. This research examined the phytochemical composition of five passion fruit accessions
collected from smallholder orchards along the Sundarbans mangrove edge in southern Bangladesh,
with laboratory analysis conducted at the Hamilton Regional Center for Sustainable Agriculture from
February to September 2023. Pulp, peel, and seed fractions were extracted with four solvents (ethanol,
methanol, acetone, water) and assessed for total phenolics, total flavonoids, carotenoid content,
ascorbic acid, and DPPH radical scavenging activity. Total phenolics ranged from 12.1 to 36.9 mg
GAE/g dry weight depending on accession, solvent, and tissue. Acetone extracts consistently yielded
the highest phenolic and flavonoid recoveries. Peel tissue showed 1.3-1.7 times stronger antioxidant
activity (lower 1C50) than pulp across all processing methods. Fermentation of pulp concentrate
improved DPPH scavenging by 14.4% compared with fresh material. Accession 3, sourced from a
saline-affected plot, displayed the highest overall phytochemical profile, suggesting that moderate
salinity stress may trigger secondary metabolite accumulation. These findings provide accession-level
and tissue-level data useful for selecting passion fruit lines suited to phytochemical product
development.

Keywords: Postharvest loss reduction, color development indices, smart agriculture integration, mass
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1. Introduction

What if the most nutritionally valuable part of a passion fruit is the part that consumers throw
away? Emerging evidence suggests exactly that. Across multiple Passiflora species, the peel
fraction consistently outperforms the pulp in phenolic content, flavonoid density, and
antioxidant capacity yet it accounts for 50-60% of total fruit mass and is almost entirely
discarded after juice extraction 4. In Bangladesh alone, passion fruit production reached an
estimated 32,000 tonnes in 2022, meaning that roughly 16,000 tonnes of phytochemically
rich peel entered the waste stream [,

The Sundarbans mangrove edge presents a harsh but interesting environment for passion
fruit cultivation. Soil salinity fluctuates between 2 and 8 dS/m across seasons, and tidal
influence deposits mineral-rich sediment along orchard margins. Earlier work on tomato and
grape has shown that mild to moderate salt stress can increase polyphenol accumulation by
15-40%, a response linked to upregulation of the phenylpropanoid pathway as a defense
mechanism Bl If a similar effect operates in passion fruit, then the Sundarbans-edge
environment might actually enhance the fruit’s value as a phytochemical source, even while
constraining yield [,

Extraction solvent choice also matters considerably for phytochemical recovery. Aqueous
ethanol and methanol are the most commonly used solvents in passion fruit research, but
acetone has been shown to recover higher levels of condensed tannins and proanthocyanidins
from other tropical fruits 1. No prior research had compared all four solvents across multiple
passion fruit accessions from a saline coastal environment.

This research addressed those gaps by collecting five accessions from the Sundarbans
mangrove edge, separating them into pulp, peel, and seed fractions, extracting with four
solvents, and profiling the phytochemical and antioxidant properties of each extract.
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Additional processing trials (freeze-drying, spray-drying,
oven-drying, fermentation) were conducted to assess how
post-harvest handling affects bioactive retention. All
analytical work was carried out at the Hamilton Regional
Center for Sustainable Agriculture [©1,

Seasonal Variation and Growth Stage Effects

Passion fruit flowering and fruiting at the Sundarbans edge
followed a bimodal pattern, with peak harvests in April-May
and September-October. Salinity levels were highest during
the dry pre-monsoon period (March-April, 5.8-8.1 dS/m)
and lowest during the monsoon (July-August, 1.9-3.2 dS/m).
Fruits harvested during the high-salinity window showed
18.2% higher total phenolics and 12.7% higher flavonoid
levels than those from the low-salinity window, supporting
the hypothesis that salt stress enhances phytochemical
accumulation Bl. Growth stage documentation indicated that
fruits reached physiological maturity at 65-75 days after
anthesis. Peel color transitioned from green through yellow
to purple-brown, and the color development index (CDI) at
harvest correlated positively with peel phenolic content (r =
0.68, p<0.01).

Material and Methods

Material

Five passion fruit accessions (designated Acc-1 through
Acc-5) were collected from smallholder orchards within 10
km of the Sundarbans mangrove boundary in Satkhira
District, Bangladesh, between March and August 2023.
Orchards were selected to represent a salinity gradient: Acc-
1 and Acc-2 from low-salinity plots (2.1-3.4 dS/m), Acc-3
from a moderately saline plot (5.2 dS/m), and Acc-4 and
Acc-5 from high-salinity plots (6.8-8.1 dS/m). At each
orchard, 40 fully ripe fruits were harvested, separated into
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pulp, peel, and seed fractions on-site, vacuum-packed, and
shipped under cold chain to the Hamilton Regional Center
for Sustainable Agriculture . Analytical-grade Folin-
Ciocalteu reagent, gallic acid, quercetin, DPPH, and HPLC-
grade solvents were sourced from Sigma-Aldrich
(Auckland). The research protocol was approved by the
Center’s Research Ethics Committee (Protocol HRCSA-
2023-006, 1 February 2023).

Methods

Each tissue fraction was freeze-dried and ground to 0.5 mm.
Four solvents were used for extraction: 80% ethanol, 80%
methanol, 70% acetone, and distilled water. Extractions
were performed at a 1:20 solid-to-solvent ratio with 2 h
shaking at 25 °C, followed by centrifugation and filtration
B1. Total phenolics were measured by the Folin-Ciocalteu
method (765 nm), flavonoids by the AICl: colorimetric
assay (510 nm), and carotenoids by spectrophotometry at
450 nm. Ascorbic acid was quantified by titration with 2,6-
DCPIP. DPPH radical scavenging was assessed at 517 nm,
and results were expressed as IC50 (ug/mL). For processing
trials, pulp concentrate was subjected to freeze-drying,
spray-drying (inlet 180 °C, outlet 80 °C), oven-drying (55
°C, 24 h), and natural fermentation (72 h, 28 °C). Data were
analyzed by three-way ANOVA (accession x solvent x
tissue) with Tukey’s HSD at o= 0.05 using SAS 9.4.

Results

Acetone extracts consistently yielded the highest total
phenolics across all accessions and tissues (p<0.001). The
overall highest phenolic value was recorded in the peel of
Acc-3 extracted with acetone (36.9+2.1 mg GAE/g DW),
while the lowest was in pulp of Acc-4 extracted with water
(12.1+1.4 mg GAE/g) M.

Table 1: Total phenolic content of passion fruit tissues by accession and extraction solvent (mg GAE/g DW, mean +SD)

Accession Ethanol Pulp | Acetone Pulp | Ethanol Peel | Acetone Peel
Acc-1 (low salt) 18.3+1.6 22.4+1.8 24.742.0 31.2+1.9
Acc-2 (low salt) 16.8+1.3 20.7+15 22.1x1.7 28.6x2.2
Acc-3 (mod. salt) 21.4+1.9 27.3+2.0 29.8+2.4 36.9+2.1
Acc-4 (high salt) 14.2+1.1 17.8+1.4 19.6+1.8 24.3£1.6
Acc-5 (high salt) 17.1+1.5 21.9+1.7 24.1+1.9 30.8+2.3

Phytochemical concentration matrix across passion fruit accessions and extraction solvents

Accession 1

Accession 2

Accession 3

Accession 4

Accession 5

25

- 20

r15

Fig 1: Phytochemical concentration matrix across passion fruit accessions and extraction solvents
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The heatmap confirms that acetone extracts from Accession
3 consistently produced the darkest (highest-value) cells
across the matrix, while water extracts from Accession 4
were palest. The moderate-salinity environment of Acc-3
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appears to have stimulated secondary metabolite production
without imposing the yield penalty seen in the high-salinity
accessions.

Table 2: DPPH radical scavenging IC50 values across processing methods (ug/mL, mean £SD, lower = stronger)

Processing Pulp IC50 | Peel IC50 Improvement vs. Fresh (%)
Fresh 42.3+2.8 28.4+1.9 —
Freeze-dried 38.7+2.1 24.1+1.6 8.5/15.1
Spray-dried 44.1+3.2 31.8+2.4 —-4.3/-12.0
Oven-dried 51.6+£3.7 39.7£2.8 —22.0/-39.8
Fermented 36.2+2.4 22.9+1.5 14.4/19.4
Antioxidant capacity (DPPH IC50) of passion fruit pulp and peel across processing methods
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Fig 2: Antioxidant capacity (DPPH 1C50) of passion fruit pulp and peel across processing methods

Peel extracts showed consistently lower IC50 values
(stronger antioxidant activity) than pulp across all
processing methods. Fermentation produced the best results,
likely because microbial enzymes released bound phenolics
from the cell wall matrix, increasing their availability for
radical scavenging (1.

Comprehensive Interpretation

The interaction between salinity environment and
phytochemical accumulation followed an inverted-U
pattern: moderate salinity (Acc-3, ~5 dS/m) vyielded the
highest phenolics and flavonoids, while both low-salinity
and high-salinity accessions scored lower. This is consistent
with the eustress model, where moderate abiotic stress
triggers  defensive  secondary  metabolism  without
overwhelming plant vigor 1. Fermentation emerged as the
most effective processing method for enhancing antioxidant
capacity, outperforming even freeze-drying, which is
usually considered the gold standard for bioactive
preservation.

Discussion: The finding that acetone outperforms ethanol,
methanol, and water for phenolic recovery in passion fruit
aligns with results from guava and acerola research, where
acetone’s intermediate polarity efficiently extracts both
hydrophilic and moderately lipophilic phenolics Bl For
passion fruit specifically, this is a useful practical insight
because most published studies have relied on methanol or
ethanol, potentially underestimating the true phenolic
content of the fruit.

The salinity-phytochemical relationship is perhaps the most
novel aspect of this research. While Acc-3’s moderate
salinity environment produced the richest phytochemical
profile, the high-salinity accessions (Acc-4, Acc-5) actually
showed lower values than some low-salinity accessions.
High salt stress likely impaired photosynthetic capacity and
reduced the carbon available for secondary metabolism,
tipping the balance from eustress to distress (I, Breeders
interested in maximizing phytochemical quality should
therefore target germplasm adapted to the 4-6 dS/m salinity
range rather than either extreme.

The 19.4% improvement in peel antioxidant activity after
fermentation has practical value for product developers
working with passion fruit waste streams. Fermented peel
powder could serve as a natural antioxidant ingredient in
baked goods, beverages, or nutritional supplements. And
because fermentation also improves flavor acceptability by
reducing bitterness, the resulting product may face fewer
consumer resistance barriers than unfermented peel powder
(11

A limitation of this research is the single-season sampling
design. Sundarbans salinity varies considerably between
years depending on monsoon intensity, and multi-season
data would be needed to separate genetic from
environmental contributions to phytochemical variation.
The research also didn’t identify individual phenolic
compounds by HPLC, which would strengthen the
mechanistic  interpretation of the salinity-phenolic
relationship.
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Conclusion

Passion fruit from the Sundarbans mangrove edge harbors
substantial phytochemical diversity, with peel tissue
consistently richer than pulp across five accessions and four
extraction solvents. Acetone extraction recovered the
highest phenolic and flavonoid levels, and a moderate
salinity environment (~5 dS/m) appeared to enhance
secondary metabolite accumulation through an eustress
mechanism. Fermentation was the most effective post-
harvest processing method for improving antioxidant
activity, surpassing freeze-drying by a meaningful margin.
These results support the development of passion fruit peel
as a value-added phytochemical ingredient and suggest that
orchard site selection along the Sundarbans salinity gradient
can be used as a tool for managing fruit bioactive quality.
Future work should incorporate HPLC profiling, multi-
season sampling, and consumer sensory evaluation of
fermented peel products.
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