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Abstract The passion fruit (Passiflora edulis) processing industry produces fruit
wastes consisting of valuable compounds like phenolics, carotenoids, and flavonoids.
Among these various phytochemicals, phenolics are the most common secondary
metabolite in passion fruit. It contains multiple therapeutic features such as anti-
inflammatory, antioxidant, and antibacterial properties. Thereby, the fruit gained
popularity in several industries like medicine, food, and cosmetics. The researcher’s
primary concern is the cost-effective, environment-friendly extraction of chemicals
from plant portions. Supercritical fluid extraction is a suitable alternative using carbon
dioxide as a green solvent to recover chemicals. In this investigation, supercritical
carbon dioxide extraction was used to extract phenolics from the rind powder of
yellow passion fruit by using 10% ethanol as a co-solvent. The CCD model of Design
Expert software was used to conduct the RSM-based optimization analysis of the
extracts. The results demonstrated that the chosen independent parameters (Pressure
(A), Temperature (B), and Flow rate (C)) had a significant influence on the extracted
phenolic yield. The ANOVA analysis of the suggested quadratic model revealed that
the model was effective (p-value <0.0001) for supercritical carbon dioxide extraction
with 10% ethanol as a co-solvent. The maximum predicted yield obtained in this study
was 36.87 mg GAE/g with a desirability value of 0.984. Pressure (A) 278.48 bar,
temperature (B) 53.84 °C, and flow rate (C) 18.3 g/min were the optimal conditions
that offered the maximal response. The study results revealed that supercritical carbon
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dioxide is a green extraction technique for the extraction of phenolics from yellow
passion fruit rind (YPFR).

Graphical Abstract

Back prossurs [
-
{43
S
Comotvert | 7
sk & o SO Fwiaane
Co-sotvent pump Wet gas mater

(Cemmer T ::’ L

=====

Extraction vessel

Supercritical Rld extraction
g

o : <
Phenols RSM optimization

Keywords Ethanol - Passion fruit -+ Phenolics - RSM-based optimization -
Supercritical carbon dioxide extraction * Yellow passion fruit rind

1 Introduction

In recent times, food waste remains as one of the very hard difficulties to be dealt.
Based on the FWI (Food Waste Index) report, cited by Capanoglu, there were around
931 MT of food scraps produced in 2019 with 61% of it originating from residences,
13% from commercial and 26% from food services [1]. The food processing sector
generates food waste with a high organic content in large quantities. Even though
they have the potential to be repurposed in the food chain, they are mostly discarded
[2]. The wastes are a plentiful source of organic bioactive chemicals that might be
utilized as an ingredient for medications, cosmetics, food ingredients, and vitamins.
These affordable natural food by-products open up economically appealing possi-
bilities for their future uses. Although numerous synthetic dietary supplements are
on the market, consumers have begun to reject them due to their health risks. Thus,
the demand for the chemicals like phenolics, flavonoids, carotenoids, and vitamins
extracted from natural sources has been rising consistently [3].
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The tropical fruit passion fruit (Passiflora edulis) is mainly cultivated for commer-
cial purposes in many countries. There are roughly 500 species of Passiflora sp.,
which is a member of the largest family, Passifloraceae (the family of the passion
flower). This species, which is native to Brazil, is primarily found in tropical and
warm temperate climates. They are infrequently found in tropical Africa, Australia,
and Asia [4]. The Latin phrases ‘“Passio” (which means “suffering”) and “floris”
(which means “flower”) are the origins of the name “Passiflora”. This was found in
Peru in 1569 by Spanish explorers, and missionaries in South America gave it the
name because it represents Christ’s passion [5, 6]. It expands its popularity worldwide
for nutritious juice production (commercially available), which has the most signifi-
cant economic influence on the passion fruit industry. Around 1.5 million tonnes of
passion fruit were produced globally in 2017, with Brazil being the leading grower
and having great market value [7]. The juice processing industry makes a significant
amount of inedible waste which is mostly discarded or utilized as fertilizer and feed-
stock [8]. Peel, pulp, and seed make up more than 60% of the entire amount of solid
waste. [7]. These are rich in valuable chemicals such as phenolics, flavonoids, glyco-
sides, carotenoids, vitamins, etc. Their numerous bioactivities with positive health
effects, such as antioxidant capacity, anti-inflammatory activities, anti-diabetic, and
anti-cancer characteristics [9, 10], are propelling up their demand scenarios on a daily
basis [11]. Numerous studies conducted recently have provided evidence of the use
of these phytochemicals in a variety of contexts (Table 1). Based on their bioactivity,
numerous researchers demonstrated their in-vitro and in-vivo pharmaceutical appli-
cability. Nanoparticles made from passion fruit waste were demonstrated by Nguyen
affirmed both antibacterial and catalytic properties [12]. Passiflora edulis var. flavi-
carpa pulp’s cardioprotective properties were discovered by Soumya in an in-vitro
investigation [13]. Additionally, many varieties of passion fruit have been utilized as
sedatives [14], anti-diabetic agents [15], immune system boosters [16], anticancer
remedies [17], and more. In the cosmetics sector, passion fruit is utilised as a mois-
turiser [18], antidermatophytic activity [19], anti-aging agents [20], depigmenting
agent [21]. Passion fruit was used to create a variety of food products, including
candy, beverages, and natural colorants. In the energy industry, passion fruit waste
also produced charcoal [22], and biogas [23]. Among numerous phytochemicals,
phenolics are the most typically observed secondary metabolite in passion fruit.
They contain multiple therapeutic features such as antioxidant, anti-inflammatory,
and antibacterial properties. Thus, the constituents in the extracted form are gaining
popularity in several industries like medicine, food, and cosmetics. These plant-origin
compounds protect body cells from oxidative damage caused primarily by the free
radicals. This effect is due to the potent antioxidant properties of the phenolics [24].

However, the economically and environmentally feasible extraction techniques
gained interest to efficiently recover targeted phytochemicals with maximum yield
from various plant wastes. Several techniques for extraction (maceration, solvent
extraction, soxhlet extraction, and hydrodistillation) have been used to extract active
compounds present in the plant. However, these techniques are accompanied by a few
drawbacks, such as a large volume of solvent consumption and low specificity [35],
difficulties in releasing bound phenolics from raw materials [36, 37], and extreme
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Table 1 A summary of various applications of passion fruit in alternate sectors
Sectors Plant used Application References
Pharmacology P. edulis peels Catalytic activity and [12]
antibacterial properties
Passiflora edulis var. Cardioprotective [13]
Flavicarpa pulp
Passiflora incarnata L. Conscious sedative in [14]
dentistry
Passiflora edulis Sims leaf | Anti-diabetic [15]
P. foetida fruits Immune-enhancing activity | [16]
Passiflora mollisima Cytotoxicity [25]
Cosmetics Passiflora edulis seeds oil | Depigmenting agent [21]
Fassiflora edulis f. edulis Skin anti-aging agents [26]
Sims seeds
Passiflora edulisvar. edulis | Skin moisturizer [18]
seed
Fassiflora foetida L. Vitamin C [27]
Passiflora leschenaultii Anti-radical and [28]
D.C. fruits anti-diabetic
Leaf of P. caerulea Antidermatophytic activity | [19]
Food Passiflora edulis Candies [29]
Passiflora cincinnata Mast | Biopreservative [30]
Pericarps of passion fruits | Natural colorant [31]
Fassiflora cincinnata Mast | Wine production [32]
Passiflora edulis Sims Probiotic beverage [33]
Energy Fassiflora edulis shells Biochar [22]
Passion fruit seed Antioxidant additive for [34]
biodiesel
Peels, seeds, and shells Methane generation [23]
Passiflora coerulea L.

heat, causing damage to targeted compounds (e.g., Soxhlet) [38]. Therefore, diverse
solutions for the extraction of phytochemicals from bio-waste have been developed
to meet the demand of a conscientious society for cost-effective and environmen-
tally friendly approaches for sustainable production. The fundamental goal of green
extraction has been to develop novel, energy-efficient extraction methods that rely on
sustainable natural resources and non-hazardous substitute solvents to produce safe,
high-quality extracts [39]. Ultrasound, microwave, supercritical fluid, pressurized
liquid extractions, and other methods are among them which become more popular
due to raising emphasis on the concentration of targeted molecules, and bioassays
with high selectivity and sensitivity [40]. Among these methods, supercritical fluid
extraction (SFE) is a feasible green technology [35]. In contrast to typical extraction
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techniques, the supercritical solvents utilized in this procedure have various bene-
ficial physicochemical features, such as density, viscosity, and diffusivity. Super-
critical fluids’ low viscosity and comparatively high diffusivity provide them with
greater transport properties than liquids. Additionally, they can penetrate through
solid materials more quickly, which causes extraction rates to increase. One of the
major properties of a supercritical fluid is its capacity to change its density by altering
its pressure and/or temperature. Since density and solubility are related, varying the
extraction pressure will affect the fluid’s solvent strength [39]. The high diffusivities
and low viscosity make it ideal for the extraction of natural compounds like essen-
tial oils, lipids, tocopherols, and carotenoids from plants/biomass [41]. Additional
advantages over traditional extraction methods include the use of GRAS solvents,
increased effectiveness, and shorter extraction times [39]. Carbon dioxide (CO,) is
the most widely used solvent in supercritical fluid extraction (SFE). This is primarily
due to its low cost, easy handling, and lack of harmful waste generation. Supercritical
CO; is an ideal solvent for thermosensitive substances due to its low critical pressure
(74 bar) and temperature (31 °C) [42]. The lipophilic character of CO,, which is
generally favorable for the recovery of non-polar and moderately polar chemicals, is
the fundamental constraint of SFE. Small amounts of organic solvents as co-solvents
like water, methanol, ethanol, etc., are frequently added to increase the capacity of
solvating supercritical carbon dioxide and boost its affinity for polar molecules [2].
Several factors like co-solvent composition and quantity and extraction condition
(pressure, temperature) need to be optimized to optionally extract a broader range of
chemicals.

This article aims to maximize polyphenols’ extraction from Passion fruit rind
using supercritical CO;. The response surface CCD model was used to optimize the
factors (Temperature, Pressure, and Flow rate) for maximum extraction efficiency.

2 Experimental

2.1 Materials

The fresh yellow passion fruit (Passiflora edulis {. flavicarpa) samples were collected
from the local market of Karbi Anglong, Assam, India. The fully grown, healthy fruits
were washed and chopped to separate the rind and seed; and dried at 45 °C in an
oven. The seeds were sealed in storage bags and stored at —20 °C. The dried rinds
were grounded into fine particles and were sieved to less than 300 wm particle size
with the BSS 52 mesh. The yellow passion fruit peel (YPFP) powder was stored in
a refrigerator in a tightly packed Borosil glass bottle. Other reagents, i.e., absolute
ethanol (Merck), sodium carbonate (Himedia), and folin-Ciocalteu (Merck), were
purchased.
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2.2 Optimization of Total Phenolic Content Extracted
Jrom Yellow Passion Fruit Rind

Supercritical CO, extraction. The extraction was performed using a Supercritical
fluid extraction unit (SFE 500, Supercritical fluid Technology, Waters, USA) which
contains a CO, pump (Waters, USA), a solvent pump (Waters, USA), an approx-
imately 500 mL extraction cell (stainless-steel), a separation vessel, chiller (Accel
500LC, Thermo-Scientific, USA) and a pump to regulate the backpressure of the
entire system (Waters, USA). Each extraction experiment entailed 20 g of powdered
sample kept in the extraction cell along with a small number of glass beads to prevent
the system from clogging. Ten-percent ethanol was delivered as co-solvent by a
solvent pump (Waters, USA) and was mixed with supercritical CO, at high pres-
sure. Prior to this mixture’s entry into the extraction cell, it was heated with a heat
exchanger (Waters, USA). The extractions were performed with a high-quality CO,
mixture (10% co-solvent) flowing at a 10-20 g min~!. The solvent-extract mixture
was passed through the separator and depressurized to atmospheric pressure. After
that, the extract was collected from the separator and kept in the refrigerator (4 °C)
in airtight amber bottles for further investigation. For all trials, the extraction time
was maintained at 120 min.

Experimental design. Variable levels were determined using the preliminary
experimental results obtained by altering one independent factor at a time and for a
fixed choice of other factors. On the basis of published literature, a range of three
potential parameters have been selected for the optimization of Supercritical Carbon
dioxide (SCO,) extraction. Response Surface Methodology (RSM) based on Central
Composite Design (CCD) was employed to analyze the effects of the selected param-
eters namely, temperature, pressure, and flow rate on the phenolic yield. Table 2
shows the experimental parameter range for SCO, extraction. Design-Expert® soft-
ware 7.0 (Stat-Ease, inc., USA) was utilized to analyze the experimental outcomes
using regression analysis.

To assess reproducibility, each experimental run was performed three times. The
second-order polynomial model expresses the system that depicts the response as
an independent variables’ function. This is elaborated in the following mathematical
expression:

Table 2 Real and coded values of the independent parameters of the SCO, extraction process

Variables Codes Coded level

-1 0 1
Pressure (bar) A 180 265 350
Temperature (°C) B 45 55 65
Flow rate (g/min) C 10 15 20
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where Y—the predicted response parameter, So—the constant intercept, ;—coef-
ficient of the linear term, B;—coefficient of the quadratic term, B;;—coefficient of
the interaction term, X; and X;—uncoded independent variable of the experiment,
the symbol € stands for the experimental error. Integer variables i, j, and n are used.
When i <j is used, B;; refers to the interaction effects between X; and X; variables.
Fisher’s Satirical test (F-test) and ANOVA test with probability value (p < 0.05) were
performed to determine the model’s statistical significance. The r? value (regression
coefficient) indicates that the model fits well with the experimental data (Fig. 1).

Determination of the Total Phenols Content (TPC) of the extracts. The Folin-
Ciocalteu technique [43] was used to determine the phenolic content in the sample. A
gallic acid calibration curve evaluated the total phenolic content as milligram gallic
acid equivalents per gram of dried extract (mg GAE/g). In each test tube, 1 mL
of tenfold diluted Folin-Ciocalteu reagent was added to an aliquot of 0.2 mL YPEP
extract dissolved in Milli-Q purified water. After 5 min, 0.8 mL of 7.5% Na,CO3 was
added, and the mixture was incubated in the dark for 30 min. The optical density was
measured at 765 nm using UV-spectrophotometer (Orion Aquamate 8000, Thermo
Scientific). All measurements were carried out in triplicate, and the average values
were reported.

Back pressure
regulator

Co-solvent '
Vessel

CO, Release

Co-solvent pump

Wet gas meter

CO, pump
Sample collection

Extraction vessel

Fig. 1 Supercritical fluid extraction schematic diagram
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3 Results and Discussion

3.1 ANOVA and Model Validation

The F-test of ANOVA was performed to evaluate the response of the chosen parameter
on the phenolic yield using the SCO;-ethanol system. From the analysis, it can be
deduced that the experimental and predicted phenolic yield levels were reasonably
close. The significance of the model and the independent parameters were decided
by p-value and F-value. The bigger the magnitude of the F-value, the lower the “Prob
> F” value and hence more significant will be the analogous variable. The ANOVA
analysis (Table 3) of the predicted quadratic model indicated that the model was
highly significant with a p-value less than 0.0001. Therefore, this model could be
used for the optimization of the extraction process. Among the independent variables,
flow rate had the most significant (p-value < 0.0001) effect on the extraction yield
with an F-value of 224.49, followed by pressure and temperature with F-values of
74.65 and 9.36 respectively. All quadratic terms of the process variables pressure
(A?), temperature (B?), and flow rate (C?) were significant and had a p-value less
than 0.001. In contrast, the probability value for interaction between pressure and
temperature was 0.0008. The reliability of the model and the experimental results
were tested with a lack of fit test (F-value of 0.33 and p-value of 0.88) that indicated
there was no proof that data was not fitted to experimental data (Table 4). The
statistical model was a good fit as the adjusted regression coefficient (r,g;> = 0.99) was
relatively close to the regression coefficient (> = 0.99). The predicted coefficient of
regression value (fpreq® = 0.98) demonstrated that the model could appropriately rely
on the expected response range with its associated independent variable. A relatively
low coefficient of variation (CV = 1.41%) was the precision and reliability of the
experiment. The quadratic model came up with polynomial equations, where Eq. 2
denotes coded, and Eq. 3 represents actual factors.

Totalphenolcontent (coded) = 36.16 + 1.05A — 0.37B + 1.82C + 0.76AB

+0.26AC — 0.15BC — 3.58A% — 1.50B> — 1.42C*
2

Totalphenolcontent (actualfactors) = —50.64 + 0.22x + 1.43y + 2.07z + 0.0009xy
+0.0006xz — 0.003yz — 0.0005x% — 0.015y% — 0.0577% 3)

In coded terms, A (pressure (bar)), B (temperature (°C)), and C (flow rate (g/min))
were parameters. x (pressure (bar)), y (temperature (°C)), and z (flow rate (g/min))
were all expressed in terms of actual parameters.
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Table 3 ANOVA table for the best fit quadratic model to achieve optimal phenolic yield

Source Sum of squares | DF | Mean square |F value |P-value
Prob > F
Model 284.80 9 31.64 157.37 | <0.0001 | Significant
A-Pressure 15.01 1 15.01 74.65 | <0.0001
B-Temperature 1.88 1 1.88 9.36 | 0.0121
C-Flow rate 45.14 1 45.14 224.49 | <0.0001
AB 4.56 1 4.56 22.69 |0.0008
AC 0.56 1 0.56 2.79 10.1257
BC 0.19 1 0.19 0.93 |0.3564
A? 184.75 1 | 184.75 918.77 |<0.0001
B? 32.50 1 32.50 161.63 | <0.0001
c? 29.10 1 | 29.10 144.70 | <0.0001
Residual 2.01 10 0.20
Lack of fit 0.50 5 0.099 0.33 |0.8774 Not significant
Pure error 1.52 5 0.30
Cor total 286.81 19

3.2 Interaction Effects of the Independent Variable
on the Phenolic Yield

The interaction between the independent and dependent factors on the phenolic
output was demonstrated by the graphical representation of the regression equation
in a 3D contour plot (Fig. 2). The individual parameters and their quadratic terms
significantly affect the phenolic output with a p-value less than 0.0001. Figure 2a
displayed the influence of temperature and pressure on the response (TPC output).
The interaction of pressure and temperature substantially influenced the rate of
extraction with a probability value of <0.001. The phenolic output increased as the
pressure rapidly increased up to 270 bar and thereafter gradually decreased. With
increasing pressure, the viscosity of supercritical carbon dioxide decreases at static
temperature and as well increases the solubility of the supercritical carbon dioxide.
Reduced viscosity decreases the intermolecular distances, thus increasing the inter-
action between analytes and carbon dioxide and enhancing the extraction yield [44].
In contrast, a further pressure increase beyond 270 bar caused a rapid reduction
in phenolic output. As reported by Bimakr et al. [45], the diffusion rate of solutes
reduced at the higher pressure is related to the supercritical fluid medium.

Figure 2b exhibits the 3D response graphic of the combined effect of pressure
and flow rate. The yield increased up to the temperature of 55 °C; further, increase
in the temperature, affirmed no significant improvement. Upon increasing the rate
of flow of carbon dioxide from 10 to 20 g/min, the response output increased up
to 15 g/min before stabilizing. This could be due to the high flow rate that drives
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Table 4 Experimental data obtained from CCD design approach for the phenolic extraction using
SCF process

Sl. No. |Pressure (bar) | Temperature (°C) | Flow rate (g/min) | Total phenolic content (mg
GAE/g)

1 180 45 10 28.19 + 1.06
2 350 45 10 27.94 £ 0.15
3 180 65 10 26.09 + 0.90
4 350 65 10 28.95 +0.11
5 180 45 20 31.7£1.36
6 350 45 20 32.6 +£0.22
7 180 65 20 29.07 £ 1.24
8 350 65 20 3291 £+ 1.00
9 122.05 55 15 23.93 +0.22
10 407.95 55 15 28.08 & 1.84
11 265 38.18 15 32.37 £ 0.36
12 265 71.82 15 31.39 £ 1.49
13 265 55 6.59 29.22 +1.04
14 265 55 23.41 35.00 £ 0.09
15 265 55 15 3542 £ 0.85
16 265 55 15 36.15+0.24
17 265 55 15 36.35 £ 0.57
18 265 55 15 35.86 £+ 0.64
19 265 55 15 37.08 £ 0.55
20 265 55 15 36.12 £ 0.11

the solvent through the sample, that facilitates only passage around the matrix of
the sample and not through the pores. Thereby, it prevented carbon dioxide from
moving in and out of the sample. Due to intra-particle diffusion resistance, low rates
increase the analytes’ trapping ability and improve extraction efficiency. A low flow
rate promotes mass transfer, extending the contact time between the solvent and
the solutes of interest. As a result, the fluid’s sluggish movement allows for deeper
intrusion into the solute matrix while also lowering the linear velocity. This resulted
in excellent efficiency of extraction [44].

Figure 2c conveyed the combined impact of temperature and flow rate on the
response and for the constant pressure of the system. During the initial phase, the
response yield increased rapidly with the flow rate, and thereafter reduced marginally.
The effect of temperature on the extraction yield had a synonymous influence with
pressure. The output increased upto an increase in the temperature of 54 °C. There-
after, the phenolic yield was reduced due to the thermos-sensitivity of extracted
compounds. Also, at constant pressure, increasing temperature decreases the solvent
strength by lowering the density of carbon dioxide. Near the critical pressure, the
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Fig. 2 3D Response surface plots of total phenolic yield with respect to variations in a Pressure
(bar) and temperature (°C); b Pressure (bar) and flow rate (g/min); and ¢ temperature (°C) and flow
rate (g/min)

fluid density depends on the temperature. Therefore, the extraction yield fluctuated
over a temperature range of 45-65 °C. A moderate increase in temperature might
cause a significantly lowered solubility of the solvent through a reduction in the
density. An increasing temperature improves the mass transfer from solute to solvent
and increases extraction efficiency [45].

3.3 Optimization of Process Variables

Design-Expert software’s desirability function was utilized to forecast the optimal
condition for achieving maximal phenolic yield within selected parameters. The
predicted maximum yield was 36.87 mg GAE/g, with a desirability value of 0.984.
The desirability profile to achieve maximum phenolic yield with Supercritical carbon
dioxide was found at 278.48 bar, 53.84 °C temperature, and at 18.3 g/min of flow
rate with 10% ethanol co-solvent (Table 5). The experiment performed at the recom-
mended condition resulted in 36.04 mg GAE/g, and had a 2.1% deviation from the
RSM predicted value. Thus, it could be stated that the suggested quadratic model
could explain the phenolic yield within the chosen parameter range. Pereira found a
TPC of 119 mg GAE/L in the passion fruit rind extracts, extracted with 70% ethanol
as solvent by ultrasound-assisted pressurized liquid extraction at 60 °C [46]. Asiimwe
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Table 5 Optimized process parametric summary table for phenolic compounds extraction with
SCO» and 10% ethanol co-solvent

Solvent Pressure (bar) | Temperature | Flow rate | Total phenolic | Desirability
°C) (g/min) content (mg
GAE/g)
Supercritical 278.48 53.84 18.3 36.87 0.984
carbon dioxide

extracted phenolics from purple passion fruit pulp using 80% methanol in the ultra-
sonic method. They observed that the TPC value of the passion fruit pulp-CMC
mixture was 351.9 mg/100 g solids GAE [47]. A study on extraction of value-added
compounds from two varieties of passion fruit, namely, Passiflora edulis Sims and
Fassiflora cincinnata Mast, by liquid-liquid extraction, using ethyl acetate and for
5 min agitation. Thereby, the total phenolic contents are 476.1 and 365 mg/kg GAE,
respectively [48]. Traditional techniques such as MAE are expected to provide a
lower recovery of target compounds. The low extraction efficiency of these tech-
niques is the primary reason for the same. It has been proven that new extraction
techniques are more sustainable, fast, and efficient, and due to these reasons, they
yield higher phenolic content in the extract [46] (Table 6).

Table 6 Literature reported data summary of passion fruit extracted total phenolic content

Variety used Solvent and technique Total phenolic content References
used
Fassiflora edulis sp. rind | 70% ethanol; UAPLE 119 mg GAE/L extract [46]
Purple passion fruit pulp | 80% methanol; UAE 351.9 mg/100 g solids [47]
GAE
Fassiflora edulis Sims? Ethyl acetate; 476.1 mg kg~! GAE® and | [48]
and Passiflora cincinnata | liquid-liquid extraction | 365 mg kg~! GAE®
Mast®
Passiflora edulis f. edulis | Acidified ethanol (96%), | 0.32 g GA/g extract [20]
Sims. seed ultrasonic-assisted
maceration
Passiflora edulis var. Methanol extraction; 74.9 mgGAE/g [34]
flavicarpa seed Soxhlet extraction
Passion fruit seed cake CO;,; SFE 17.9 mgGAE/g extract [49]
Passion fruit peel 70% ethanol; UE 382.86-428.71 g GAE/g | [50]
DM

8 Passiflora edulis Sims
bPaSsiﬂora cincinnata Mast
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4 Conclusions

SFE demonstrated a sustainable technology for the extraction of phenolics from
the yellow passion fruit rind (YPFR) using carbon dioxide as a renewable green
solvent. Ten-percent ethanol has been used as a solvent modifier to extract the polar
compounds. According to the RSM analysis, the chosen process parameters (temper-
ature, pressure, and flow rate) significantly impacted the phenolic output. The solvent
flow rate primarily affects the outcome, followed by pressure and temperature. The
RSM approach yielded the following ideal settings for maximizing phenolic content:
278.48 bar (treatment pressure), 53.84 °C (temperature), and 18.3 g/min (flow rate)
for SCO, with 10% ethanol as a co-solvent. With desirability values of 0.984, the
estimated yield was 36.87 mg GAE/g. Thus, plant waste like passion fruit rind may
introduce new natural food products in the market that are healthier and prevent
oxidative damage that commonly occurs in our bodies due to the processing of the
food.
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