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Abstract

Extraction and processing of bioactive compounds
from natural sources, including agro-industrial
waste, is considered a valuable and sustainable
approach to getting them. Recent developments
have demonstrated that apple pomaces are rich
sources of bioactive compounds. Processing these
resources into refined natural products is the main
challenge hindering their industrial use. This study
aimed to investigate the effect of resin type during the
purification of the apple pomace extracts.

Apple pomace extracts at 5mg/mL were subjected to a
glass column packed with activated resins FPX66, XAD-
7HP, and XAD-761. Sorption, rinse, and desorption
flow rates were set to 2-Bed Volume (BV) per hour. The
total phenolic content (TPC), ferric-reducing ability of
plasma (FRAP), and antimicrobial activity (diameter
of the inhibition zone) were evaluated using standard
procedures on the purified and enriched extracts.
Determination of bioactive compounds was achieved
by the HPLC method.

Amberlite resin XAD761 yielded extracts with the
significantly highest amount of polyphenols, while
the second extract portion from the resin FPX66 had
the highest antioxidant power significantly. Extracts
purified by the XAD761 resin were the only ones that
had an inhibitory effect against gram-positive bacteria
(Diameter of inhibition zone 18-20 mm). Catechin,
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epicatechin, rutin, and quercetin were detected as
bioactive compounds by the HPLC.

Results from this study suggest that resins could be
suitable materials for the purification and enrichment
of bioactive compounds during the processing of crude
apple pomace extracts. FPX66 resin is recommended
for targeting extracts with the highest antioxidant
activity, while XAD761 is suggested for compounds
targeting antimicrobial activity.

Keywords: Apple pomace, Purification, Polyphenol,
Antioxidants, Antimicrobials.

1. Introduction

In terms of the estimated amount of waste generated
in each sub-sector during the production of food,
the by-products generated during the processing
of fruit, vegetables, and tubers represent the largest
proportion (35%), followed by oil crops (33%), then
meat, fish, and poultry (20%). Cereal grains produce
8%, and dairy products produce 4% by-products [1].
Processing fruits, vegetables, and tubers into final
products has become an important practice in the
horticulture industry. Millions of tons of fruits such as
apples, mangoes, avocados, grapes, and many others
are processed into juices, leaving huge amounts of
solid waste commonly known as pomaces [2-6]. At the
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same time, the European Commission’s aspiration for
a circular economy also encourages the food industry
to make production more sustainable and minimize
waste [7].

Processing of apples into juice or juice concentrate
generates a huge amount of apple pomace. Apple
pomace is rich in bioactive compounds, including
catechin, rutin, and phloretin. These compounds exert
important biological properties such as antioxidant,
antimicrobial, antiviral, and anticancer activity, making
the pomace a wealth and valuable resource for the
food and medicine industries [8 - 12].

An important group of biologically active ingredients
in apple pomace is polyphenolic compounds.
Polyphenols are important compounds produced
by plant sources that have a variety of uses in food,
pharmacy, and industry. In the food industry, dietary
polyphenols are an important class of food ingredients
that are used as healthy supplements. Mainly,
dietary polyphenols are extracted from fruits, spices,
herbs, and vegetables and have been proven to be
effective in enhancing a healthy life, thus regarded
as a source of functional food. Many studies suggest
that diseases such as hypertension, diabetes, obesity,
and cardiovascular disease can be well maintained by
the ingestion of polyphenols [13 - 15]. Furthermore,
research suggests that polyphenols might be useful
in the prevention and management of cancer [16
- 17]. Among the promising sources of functional
polyphenols that are reliable and sustainable are the
waste products from the processing of fruits.

Although extensive research has been conducted on
methods and technologies for extracting bioactive
compounds from the apple pomace. The limiting
factor for their application in the food and other
industries is the purification and concentration of
these compounds [18]. This study, therefore, focuses
on examining the effect of resin purification on the
antioxidant and antimicrobial activity of the apple
pomace extracts.

2. Materials and Methods

Apple pomace of variety Idared, cultivated in 2022,
Hungary, was obtained from the apple juice processing

Table 1. Properties of the resins

factory, Agrana Co. Ltd. In Vasdrosnamény, Hungary.
The pomace was stored in the frozen state (-18 °C).
Before drying, the pomace was thawed overnight at 4
°C followed by oven drying according to the previously
established method to reach a final moisture content
of about 4% [19]. Size reduction into powder was
achieved by a coffee grinder (PRINCESS). The obtained
fine particles were stored in dry conditions inside the
vacuum-sealed plastic bags.

2.1 Extraction

The ultrasound-assisted extraction method was used
to obtain the apple pomace extracts [20]. Briefly, 20g
of the dry powdered apple pomace was mixed with
200 mL of 80% acetone. The obtained mixture was
placed in a sonicating water bath at 20kHz, 40 °C for 30
minutes. Thereafter, filtration by Whatman filter paper
no. 1 was done to remove residues. The filtrate was
then subjected to centrifugation at 5000/min for five
minutes. The supernatant was filtered again using filter
paper and subjected to a rotary evaporator until the
total solution was reduced to one-third. The obtained
extracts were placed in the Petri dishes and dried in
the circulating air oven at 60 °C for complete removal
of the extraction solvent. The amount of the obtained
extracts was quantified, followed by redissolving them
in the distilled water to make a final concentration of
200 mg/mL.

2.2 Purification by the Amberlite resin

Purification of the extracts was done according to
the method described by Erpel et al.,, [21], with some
modifications. 3 different resins (XAD761, XAD7HP,
and FPX66), selective for phenolic compounds, were
used, which were made available by the DuPont
Company (France). The properties of the resins used
in the experiment are summarized in Table 1. 100 g of
resins were activated by soaking the resins in absolute
ethanol on the orbital shaker (40/min) for 3 hours.

The activated resins were recovered through filtration
and loaded into the glass column 100x25 cm. The
resins were washed in the column using 3-Bed Volume
(BV) of distilled water. Frozen apple pomace extracts
were thawed overnight, followed by adjusting the
concentration to 5 mg/mL. The diluted extracts were

Parameters Physical properties Particle diameter ST TLEL O
area volume
XAD761 Crosslinked phenol-formaldehyde 560 - 760 um 150 - 250 m%/g 600 A
polycondensate
Macroporous, crosslinked aliphatic ,
XAD7HP 430-690 pm ~ 500 m?%/g ~0.5 mL/mL
polymer
FPX66 Crosslinked aromatic polymer 600 - 750 pm ~ 700 m?/g ~ 1.4 cc/g
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then loaded into the column packed with the resins.
Sorption rinses and desorption flow rates were 2-bed
volumes per hour. As a desorption solvent, 96%
acetone was used, while distilled water was used as a
rinse solvent.

2.3 Quantification of the total polyphenol content
(TPC)

The amount of phenolic content present in the purified
extracts was determined using Folin Ciocalteu’s assay
described by Singleton and Rossi [22], with minor
modifications. Folin's reagent (1 : 10 v/v Folin's reagent
and water) was mixed with the methanol (80% v/v)
in the ratio of 1250 pL and 100 pL, respectively, in a
test tube. Thereafter, 150 uL of the purified extracts
was added and mixed well. After 3 minutes, Sodium
carbonate solution (74.3 g/mL) was added, followed
by incubating the mixture at 50 °C in a water bath for
5 minutes. The absorbance of the prepared mixture
was measured at 760 nm using a spectrophotometer
(HITACHI 2900). Garlic acid was used to prepare the
standard calibration curve, and the results were
presented as milligram Garlic Acid Equivalent per mL
(mg GAE/mL) of apple pomace.

2.4 Quantification of the antioxidant capacity
(FRAP)

The antioxidant capacity of the purified apple pomace
extracts was evaluated by the ferric-reducing ability of
plasma (FRAP) assay described by Benzie and Strain [23]
with minor modifications. 1500 pL of the FRAP reagent
(300 mM/I of sodium acetate buffer, pH = 3.6; 20 mM
of FeCl, x 6H,0 and 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ) in 40 mM HCL mixed in aratioof 10:1: 1) was
mixed with 20 uL and 30uL of the extracts and distilled
water, respectively. The mixture was then mixed well
by shaking and allowed to stand for 5 minutes at room
temperature. Absorbance was then measured at 593
nm using the spectrophotometer (Hitachi 2900). The
calibration curve was prepared using ascorbic acid,
and the results were expressed as milligram Ascorbic
Acid Equivalent per mL (mg AAE/mL) of apple pomace.

2.5 Quantification of the antimicrobial activity

Antimicrobial susceptibility test using the Agar well
diffusion method as described by Asmerom et al., [24],
with some modifications, was used to evaluate the
antimicrobial activity of the extracts. Briefly, bacterial
cells were grown overnight on trypticase soy agar (TSA)
slants at 37 °C. Cells from the observed colonies were
transferred into peptone water (1 g/L peptone : 8.5 g/L
Nacl). Cell density was then adjusted to 0.5 McFarland
standard using a densitometer (DEN-1B, Biosan). The
density of the cells was then adjusted further to 1.5
x 107 by ten-fold dilution in peptone water. 100 pL of
the prepared bacterial cells was mixed with molten
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TSA media and allowed to solidify. Upon solidification,
small holes = 6 mm in diameter were made using a
sterile pipette tip. 100 pL of the prepared apple pomace
extract was loaded into the wells. The extracts were
allowed to diffuse into the media by leaving the plates
in the biosafety cabinet for 30 minutes. Thereafter, the
plates were incubated at 37 °C for 24 hours, followed
by observing and measuring the inhibition zones.
The antimicrobial effect of the extracts was tested
against bacteria of particular importance in the field
of food safety, which were the following: Escherichia
coli (Gram-negative, aerobic-facultative anaerobic),
Staphylococcus  aureus  (Gram-positive,  aerobic-
facultative anaerobic), Listeria innocua (Gram-positive,
facultative anaerobic), and Pseudomonas aeruginosa
(Gram-negative, aerobic-facultative anaerobic).

2.6 HPLC analysis

Purified extracts were subjected to High-pressure
liquid chromatography (HPLC) to determine bioactive
compounds as described by Bai et al.,, [25], with some
modifications. 10 pL of the ethanolic extracts was
injected into the HPLC system (LC-10AD, Shimadzu).
The mobile phase consisted of (A) Water: Aceticacid ata
concentration of 99:1 v/vand (B) Acetone: Acetic acid at
a concentration of 99:1 v/v. The mobile phase gradient
was set as follows; 5% solvent B at 0 n- 3 minutes,
5.1% at 3 - 10 minutes, 25.1% at 10 - 30 minutes, 100%
solvent B at 30 - 35 minutes, 100% solvent B at 35 - 40
minutes, 5.1% solvent B at 40 minutes. The flow rate
was maintained at 1.5 mL/min. LC column 150x4.6,
3 um (Geminini NX-C18) was used, and the column
oven was maintained at 40 °C. The pressure pump was
maintained at 118 bars. Detection was done using a
UV/VIS detector at 310 and 260 nm wavelengths. The
quality determination of the phenolic components was
based on the retention time of the standard molecules:
catechin (Rt: 12.05 min), epicatechin (Rt: 13.42 min),
rutin (Rt: 15.23 min), quercetin-3 G (Rt: 15.52 min), and
phloretin (Rt: 19.69 min).

2.7 Statistical analysis

All experiments were done in triplicate. There was
one independent factor (Resin type) with four levels:
purified extracts from Amberlite resins FPX66 (First and
second portions), XAD761, and XAD7HP. For HPLC and
microbiology results, one more level (crude extracts)
was included. There was one dependent factor: either
Total phenolic content (TPC), Antioxidant activity
(FRAP), or antimicrobial activity. For the case of HPLC
results, independent factors were the five identified
compounds (catechin, epicatechin, rutin, quercetin,
and phloretin). Statistical analysis was done using IBM
SPSS Version 20 software at a 95% confidence interval.
Assumptions for normal distribution and homogeneity
of variance were proved by Kolmogorov-Smirnov and
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Levene’s tests, respectively. A complete randomized
design ANOVA was selected for the analysis. A Turkey
post hoc test was run for the factors that displayed
homogeneity of variance, while Games-Howell was
used for the factors that violated homogeneity of
variance.

3. Results and Discussion

Figure 1 shows the effect of resin type on the Total
phenolic content of the apple pomace extracts. There
was a significant difference in polyphenol amount on
extracts purified by different resins, F (3.8) = 106, P <
0.001. Extracts purified by the XAD761 resin displayed
significantly higher polyphenol amounts than the rest.
Resin FPX66 resulted in the production of two separate
extracts distinguishable by the naked eye. Fraction
number FPX66_1 came first, followed by the fraction
number FPX66_2 that came later. Extracts purified by
the resin XAD761 had a significantly higher polyphenol
amount compared to the rest (Figure 1). Some studies
by Erpel etal., [21], Buran et al., Kim et al., Wu et al., and Xi
etal., [26-29] have shown the usefulness of microporous
resins in polyphenol purification from various extracts.
In their study, the authors attest to the successful
purification of the polyphenols by the microporous
resins, where sugars and organic acids from blueberry
extracts were not detected in the purified extracts.
Furthermore, some studies suggest that Amberlite
resins can concentrate the amount of polyphenols
to more than 200-fold [30]. Given the importance of
enrichment and purification of polyphenols from crude
extracts, the use of resins can revolutionize and break
the deadlock of using apple pomace polyphenols in the
food and medicine industries.
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Figure 1.The effect of resin type on TPC during
purification of the apple pomace extracts.

Bars represent means of the triplicate readings, while
error bars represent corresponding standard deviations.
Different letters represent the presence of significant
differences along the bars (Tukey’s test, p < 0.05)

Figure 2 shows the effect of resin type on the
antioxidant activity of the apple pomace extracts.
There was a significant difference in the antioxidant
capacity (Ferric reducing the ability of plasma) of
extracts purified by different resins, F (3.8) = 7356, P
< 0.001. The second fraction of the FPX66 resin had a
significantly higher antioxidant capacity compared to
therest.In contrast to the total phenolic content (TPC),
extracts purified by the Amberlite XAD761 resin had
the second-highest antioxidant power. Itis interesting
to note that extracts purified by the resin FPX66 had a
significantly lower amount of polyphenols than those
purified by the XAD761, but in the case of antioxidant
power, FPX66 extracts far exceed those of XAD761.
In the study of Buran et al., [26], it was observed that
resin FPX66 has superior characteristics in adsorption
and desorption of the polyphenols from the
extracts of blueberries compared to resins XAD761
and XAD7HP. Characteristically, resin FPX66 has a
chemical matrix composed of crosslinked aromatic
polymers, while that of XAD761 is composed of
crosslinked formophenolic polymer. Differences in
chemical composition, functional group surface area,
and pore envelop could be the reason for variations
in TPC content and antioxidant activity observed in
two resins. In the case of resin XAD7HP, it has a similar
chemical composition to that of FPX66. This could be
the reason for the absence of a significant difference
in polyphenol content in the extracts from the two
resins (Figure 1). However, the difference is in surface
area (700 m?/g for FPX66; 500 m?/g for XAD7HP)
and pore envelop (200 - 250 A for FPX66; 450 A for
XAD7HP). This could account for the huge difference
observed in antioxidant activity among the two resins
(Figure 2).

FRAP (mg/mL)
o
-
:

FPX66_1

FPX66_2
Resin type

XAD781 XADTHP

Figure 2. The effect of resin type on the ferric reducing
ability of the apple pomace extracts during purification.
Different letters indicate significant differences.
Bars represent means of triplicate reading, and error
bars represent corresponding standard deviations
(Tukey’s test, p < 0.05)
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3.1 Antimicrobial activity results

Table 2 shows the effect of resin purification on the
antimicrobial activity of the apple pomace extracts. Four
bacterial species of importance to food and medicine,
namely Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, and Listeria innocua, were
selected for testing. Extracts purified by the Amberlite
resin XAD761 were the only ones that exhibited
antimicrobial activity against the Gram-positive bacteria
Staphylococcus aureus and Listeria innocua. Similarly,
crude extracts exhibited antimicrobial activity against
only gram-positive bacteria. The tested Gram-negative
bacteria seem to be resistant to apple pomace extracts.
As expected, inhibition zones of susceptible microbes
were higher in the purified extracts than in the control.
This could be attributed to higher concentrations of the
bioactive compounds in the purified extracts. These
results are inconsistent with the study by Liu et al.,, [31],
and Zhang et al,, [32], where apple pomace extracts
were shown to affect both gram-negative and gram-
positive bacteria. Moreover, the study of Zhang et al.,
[32], suggests that individual compounds present in the
apple pomace extracts, such as phloretin and phloridzin,
display antibacterial activity against microorganisms
such as Staphylococcus aureus. In the study of Yu et al.,
[33], it was reported that even though extracts from
the apple flesh exert antimicrobial activity against both
Escherichia coli and Staphylococcus aureus, a higher
concentration was needed to achieve the inhibitory
effect on gram-negative bacteria.

Table 3 shows the bioactive compounds detected by
HPLC. Five compounds, catechin, epicatechin, rutin,
quercetin-3G, and phloretin, were detected in the

majority of the extracts. Statistical analysis showed
variation in the amount of each of the detected
compounds by a particular resin, F (4.10) = 5929, P <
0.001. Catechin was significantly highest in the second
fraction of the FPX66 resin and significantly least in
the XAD761 resin. On the other hand, epicatechin was
significantly highest in the resin XAD761, where a value
of 168.25+0.41 mg/l was observed compared to 0.79 -
11.92 mg/L that was observed in the rest of the resins.
Rutin was significantly highest in the second portion of
the FPX66 resin and least in the resin XAD7HP. Similar to
rutin, quercetin was significantly highest in the second
fraction of the FPX66 resin and least in the first portion
of the FPX66 resin. Finally, phloretin was observed only
in the extracts purified by the XAD761 and the second
fraction of the FPX66 resin. Results from this study are
in accordance with studies by Orozco-Flores et al., [11],
Lopez-Rodulfo et al., [34], and Ramohaldi et al., [35],
where among the major compounds found in apple
pomace extracts are catechin, epicatechin, rutin, and
quercetin.

It is interesting and worth noting that FPX66 resin
produced two distinct extract portions (Figure 3).

The two extracts could easily be distinguished from
one another by simple visualization. When tested for
the amount of TPC and antioxidant power, the second
portion (FPX66_2) had higher values compared to the
first portion (Figures 1 and 2). Similarly, quantification
of individual bioactive compounds, catechin,
epicatechin, rutin, quercetin, and phloretin, showed
that the FPX66_2 extracts had higher values than the
FPX66_1 (Table 3, Figure 4).

Table 2. The effect of resin purification of the apple pomace acetonic extracts on antimicrobial activity. FPX66_1 and
FPX66_2 represent the first portion and the second portion of the purified extracts. Control represents extracts that
were not subjected to purification

Resin type Zone(mm)

E. coli S. aureus L.innocua P. aeruginosa
FPX66_1 - - - -
FPX66_2 - - - -
XAD761 - 18 20 -
XAD7HP - - - -
Control - 13 17 -

Table 3. HPLC results showing the effect of resin type on bioactive compounds (mg/L) of the purified acetonic extracts
of the apple pomace. FPX66_1 and FPX66_2 represent the first portion and the second portion of the purified extracts.
Control represents extracts that were not subjected to purification. Letters indicate the presence or absence of
significant differences along the column. (Tukey’s test, p < 0.05)

Resin type Catechin Epicatechin Quarcetin-3G Phloretin
FPX66_1 0.36 +£0.01° 0.79+£0.13° 0.37 £ 0.05° 2.55 £ 0.04° -
FPX66_2 9.38 +0.18° 11.92 £0.07° 11.99 +£0.57° 142.96 + 1.70° 1.79£0.10°
XAD761 0.23 £0.00¢ 168.25 + 0.41°¢ 8.16 £ 0.04¢ 24.10 £ 0.15°¢ 12.21 £ 0.45°
XAD7HP 0.76 £ 0.09¢ 2.51+£0.184 1.05 +0.15¢ 16.63 +0.33¢ -
Control 0.26 + 0.05%¢ 0.16 £0.01¢ 1.31+0.12¢ 0.72 £ 0.05¢ -
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Figure 3. Two distinct extracts were desorbed
from the resin FPX66. A (Named as FPX66_1)
was the first extract portion to come out of the resin,
while B (recognized as FPX66_2) came after A.
The two extracts portion could easily be distinguished
by visualization with the naked eye
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Figure 4. Phenolic compounds chromatogram
of apple pomace extract

When tested for antimicrobial activity, neither extract
managed to exert an inhibitory effect against all the
tested strains (Table 2).

4, Conclusions

- Purification of the extracts is an important stage in the
commercial valorization of apple pomace. In this study,
apple pomace extracts purified by Amberlite resins
displayed antioxidant and antimicrobial activities.

- Among the investigated resins, FPX66 Amberlite
resins produced extracts with the highest antioxidant
activity, while XAD761 resin was the only resin that
produced extracts that exhibited antimicrobial activity
against gram-positive bacteria.

- This study, therefore, concludes that two Amberlite
resins, FPX66 and XAD761, can be used for the
purification of apple pomace extracts that exhibit
antioxidant and antimicrobial activity, respectively.
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