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Abstract

Bignay pomace is a processing byproduct that can be a source of bioactive compounds. However, a suitable dehy-
dration method should be considered to efficiently valorize this waste material into high-value food ingredient and
maximize its health-promoting properties. Bignay pomace was subjected to convection oven-drying and freeze-dry-
ing to investigate the effect of these pre-processing techniques on the physicochemical, bioactives, and antioxidant
properties of the samples. Both drying methods significantly (p<0.05) changed the total phenolic and anthocyanin
contents of bignay pomace while flavonoids and tannins were not significantly affected. Freeze-drying of samples
resulted in higher phenolic content (1742 vs. 1273 mg gallic acid equivalent/100g DW) and anthocyanin content
(496 vs. 223 mg cyanidin-3-glucoside equivalent/100 g DW) than convection oven-drying. Freeze-drying also resulted
in higher antioxidant properties based on DPPH, ABTS radical scavenging activity, and FRAP assays. Bignay pomace
extract was analyzed through HPLC (with photo-diode array detector) for its phenolic profile and nine compounds
were identified, with catechin and epicatechin as the dominant components. HPLC analysis also showed that while
the drying process does not influence the phenolic profile of the samples, it significantly affected the concentration
of phenolic compounds present. The results of this study showed that freeze-drying is a more viable method to retain
the majority of bignay pomace’s functional properties compared to convection oven-drying.
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Introduction
The processing of horticultural crops produces a consid-
erable amount of waste materials, which is mainly com-
posed of biodegradable organic matter. Their disposal
can pose serious health and environmental problems.
These byproducts are commonly disposed in landfills
but their decomposition can favor the proliferation of
pathogenic microorganisms or produce toxic leachates
(Palaniveloo et al. 2020). To minimize associated envi-
ronmental impacts and the cost of material disposal,
researchers are focusing on finding ways to recover, recy-
cle, and upgrade these residues into valuable materials
(Capanoglu et al. 2022). Byproducts of plant origin such
as pomace could be an inexpensive source of some ben-
eficial bioactive compounds, which can be used in phar-
maceutical and food industries (Igbal et al. 2021).
Tropical fruit wine is a growing industry in the Phil-
ippines, particularly in the northern region. Bignay
[Antidesma bunius (L.) Spreng.] is one the most com-
monly used substrate due to its popularity among con-
sumers. Bignay is an indigenous berry, which owes its
popularity to the increasing awareness of the population
to consume food that can confer certain health benefits.
The perceived consumer health benefits of bignay and
its food products could be linked to reports of its phyto-
chemical contents and antioxidant properties (Butkhup &
Samappito 2008; Castillo-Israel et al. 2020; Hardinasinta
et al. 2020; Islary et al. 2017; Jorjong et al. 2015; Shariful
Islam et al. 2018). Bignay wine is prepared from fully ripe
bignay fruits, of which the pomace is the byproduct after
the whole fruit is passed through a pulper machine. The
pomace consists mainly of seeds, skin, and some pulp.

Because of its high level of anthocyanin, a prominent
phenolic in red and dark berries, bignay pomace exhibits
dark purple color (Butkhup & Samappito 2008).

Bignay fruit as a whole is a good source of bioactive
materials. These bioactive compounds are primarily
phenolics, which have been reported to exhibit biologi-
cal activities that include antioxidant, anti-inflammatory,
antiproliferative, and antimicrobial properties and have
been associated with reduced risk of cancer and cardio-
vascular diseases (Albuquerque et al. 2021; Hardinasinta
et al. 2020; Tao et al. 2014). Besides the beneficial health
effects of bignay, its application in food is also important
as it contributes to food flavor, color, and stability. Phe-
nolic compounds and/or their derivatives are added to
a variety of food products to enhance their nutritional
value or to influence the functional properties of bio-
molecules (Ebrahimi & Lante 2021). With these findings,
bignay pomace could be a potential source of bioactive
materials.

Bignay pomace, in its fresh, unprocessed form, is highly
perishable due to its high moisture content and water
activity. To prolong the shelf life of pomace and to facili-
tate efficient handling and storage, dehydration process is
usually taken as an initial step prior to any other process-
ing methods. Dehydration reduces moisture to low levels
making it less available for microbial growth and enzy-
matic reactions. Different dehydration techniques can be
employed, but the appropriate method should be able to
preserve its overall quality. It is necessary to select a pres-
ervation method for bignay pomace that can minimally
affect its nutritional and functional properties, on top of
cost efficiency, to be able to integrate it as a functional
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food ingredient in the future. Certain drying techniques
had been studied and found to preserve the biologically
active compounds in grape pomace (Sokac et al. 2022;
Tseng & Zhao 2012). Some of these techniques could also
be effective methods for bignay pomace.

With the primary objective of preserving the functional
properties of bignay pomace, this study investigated the
effects of two common dehydration methods (convec-
tion oven-drying and freeze-drying) on the quality of
bignay pomace. The impact of drying was assessed based
on proximate composition, physico-chemical properties,
bioactive components, and antioxidant properties.

Moreover, before the bioactive materials in bignay
pomace can be efficiently exploited for different food
applications, there is a need to establish that sufficient
quantities are present in this byproduct. To date, there is
limited data on the bioactive compounds and antioxidant
properties of bignay pomace. Results of this research will
provide baseline information that is needed to assess the
potential of bignay pomace as a food ingredient to create
healthier food alternatives from a food processing waste
product.

This study was done on a laboratory-scale but the
promising results could prompt more research and pilot-
scale studies that can eventually be elevated to industrial/
commercial levels. Currently, more than 50% of wine
processors in the country are utilizing bignay as a raw
material (Department of Trade and IndustryTI-Region 2,
personal communication, August 13, 2021). The Global
Agricultural Information Network (2018) reported that
Philippines had a steadily progressing wine market until
it was hit by the coronavirus pandemic. With this increas-
ing market, it is likely that there will be an increase in the
local production volume, which will generate more waste
products. Processing the large volumes of byproducts
will be made easier with the availability of large-scale
convection oven- and freeze-dryers on the market.

Materials and methods

Raw materials

Fully ripened bignay berries (purple to black color) were
harvested in Los Banos, Laguna, Philippines. The har-
vested berries were washed with clean running water
to remove any dirt and the excess water was allowed to
drain in a colander. The fruits were then loaded into the
pulper machine to separate the pulp from the seed and
skin (pomace). The pomace was then manually mixed,
portioned in polyethylene bags at 1kg per pack, and kept
frozen at -20°C until further processing. All samples were
ground prior to analysis using a grinder (TGS-CG9100,
Deli Chef, China) and passed through a 20-mesh sieve.
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Chemicals

Analytical grade chemicals and reagents were used in
the analyses of samples. All phenolic standards used are
from Sigma-Aldrich (Singapore).

Drying treatments

Frozen unprocessed pomace was thawed at room tem-
perature prior to processing. After thawing, the sample
was divided into three lots, two of which were imme-
diately subjected to two drying treatments: (1) convec-
tion oven-drying and (2) freeze-drying in a freeze-dryer
built by GECAR Machine Solution, Inc. (Philippines).
The parameters used in these methods were deter-
mined from a preliminary experiment to achieve a final
moisture content and water activity of below 10% and
0.6, respectively.

Pomace for convection oven-drying was first spread
thinly on a 74cm x 51.5cm x 2.5 cm stainless steel tray.
The trays were then loaded in an oven-dryer manufac-
tured by TEW Electric Heating Equipment Co. Ltd.
(Taiwan). The samples were then dried at at 45°C for
48 hours.

For samples for freeze-drying, the pomace was placed
on a 50cm x 32cm x 2 cm stainless steel tray. Freeze-dry-
ing was carried out at a heater temperature of 25-30°C,
chilling temperature of -30°C and operating vacuum
pressure of 100-300 Pa for 30 hours. The processed sam-
ples were manually mixed, vacuum-packed using a port-
able vacuum food sealer at -60kPa pressure, and stored
in the freezer until further analysis. Frozen unprocessed
pomace (thawed after freezing at -20°C) was used as con-
trol/reference and was referred to as a “fresh” sample.

Physico-chemical analysis

Proximate composition

Analysis of the proximate composition of samples was
conducted according to the Association of Official Ana-
lytical Chemists (AOAC 2019) procedures to determine
the moisture, ash, crude fat, crude protein, and crude
fiber contents of oven- and freeze-dried samples.

Water activity

The water activity of samples was determined using a
water activity meter (LabSwift-aw, Novasina, Lachen,
Switzerland) following manufacturer’s instruction man-
ual (Novasina 2010). Approximately 2 g of ground pom-
ace samples were evenly placed on the sample holder
for measurement.

Instrumental color
The color profile of pomace samples was determined
using a handheld chromameter (CR-400 Chroma Meter,
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Konica Minolta, Japan) based on the method used by
Moritsuka et al. (2019) with modifications. Approximately
6g of homogenized samples were firmly packed in a
7 cm X 6 cm polypropylene bag before measurement. Data
were expressed according to the CIELAB system where
L* indicates brightness/luminosity, a* for redness (+)
to greenness (—), and b* for yellowness (+) to blueness
(=). From the L*, a* and b* values obtained, other color
parameters such as the chroma, C* (Eq. 1), hue angle, H°
(Eq. 2), and color difference, AE* (Eq. 3) were calculated:

C* = Va*2 + b*2 (1)

H° = tam_lé (2)
a

AE* = \/(AL*)2 + (Aa*)? + (Ab*)? (3)

where AL*, Aa* and Ab* represent the change in the
color coordinates compared to the sample before drying.
The values were automatically computed and recorded by
the chromameter.

Preparation of extracts

A preliminary screening was conducted to determine the
extraction protocol and the method with the highest total
phenolic content in the sample was selected. The final
protocol used for the extraction of bioactives from bignay
pomace was based on the method of Castillo-Israel et al.
(2020) with some modifications. It was carried out by
mixing 0.5g of ground sample (passed through a 20-mesh
sieve) with 15mL of 50:50:1 (v/v/w) solution of absolute
ethanol: distilled water: citric acid. The mixture was then
incubated (Biobase BOV-D50, Biobase Meihua Trading
Co., Ltd., China) at 60°C for 60min, subjected to sonica-
tion (Ultrasonic Cleaner 8892, Cole-Parmer, U.S.A.) for
15min, and centrifuged at 70 x g for 15min. The super-
natant was filtered through Whatman® No.1 filter paper
(Sigma-Aldrich, U.S.A.) and the filtrate was collected,
divided into 2.5 to 4mL portions, and stored at -20°C
until further analysis. The residue after the centrifugation
process underwent the same extraction and filtration pro-
cess twice.

Quantification of bioactive compounds
The quantification of total phenolics, total flavonoid, total
monomeric anthocyanin, and condensed tannins was
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done through spectrophotometric methods using Shi-
madzu UV 1900 (Shimadzu Corp., Japan).

Total Phenolics Content (TPC)

The total phenolic content was analyzed according to
the ISO (International Organization for Standardiza-
tion, 2005) 14,502-1 with minor modifications, using
the Folin-Ciocalteu method. Approximately 0.30mL
sample extract was mixed with 1.5mL 10% (v/v) Folin-
Ciocalteu reagent and 1.2mL 7.5% (w/v) sodium car-
bonate. The mixture was then left for 60 min in the dark
at room temperature. The absorbance was then meas-
ured at 765nm. Blank was prepared by replacing the
samples with distilled water and adding Folin-Ciocalteu
reagent and sodium carbonate. The standard used for
the calibration curve was gallic acid. The total phenolic
content of the samples was expressed in milligrams gal-
lic acid equivalent per 100 g of sample in dry weight (mg
GAE/100g DW).

Total Flavonoid Content (TFC)

The total flavonoid content was evaluated according to
Fattahi et al. (2014). One hundred (100) pL of extract
was mixed with 4mL distilled water and added with
0.3mL 5% (w/v) sodium nitrite. After 5min, 0.3mL 10%
(w/v) aluminum chloride was added and the solution
was allowed to stand for 6 min. After which, 2mL of 1M
sodium hydroxide was added, diluted with 3.3mL dis-
tilled water, and mixed thoroughly. The absorbance was
determined at 510nm against the blank. Catechin was
used as standard for the calibration curve. The total fla-
vonoids content of the extract was expressed as mg cat-
echin equivalents (CE) per 100g of sample in dry weight
(mgCE/100g DW).

Total Monomeric Anthocyanin content (TMA)

The total monomeric anthocyanin content was ana-
lyzed using the pH differential method (AOAC method
2005.02). The appropriate dilution factor was initially
determined by diluting the sample with pH1.0 buffer
(potassium chloride, 0.025M) to have an absorbance
between 0.2 and 1.4 AU at 520 nm. Based on the deter-
mined dilution factor, 2 dilutions were prepared: (1)
with potassium chloride buffer (0.025M, pH1.0) and
(2) with sodium acetate buffer (0.40M, pH4.5). The
absorbance was measured at both 520 and 700nm
within 20-50 min of preparation against distilled water
as blank. The total monomeric anthocyanin content (mg
C-3-GE/L extract) was calculated using Eq. 4.
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Total monomeric anthocyanin (mg cyanidin—3—glucoside equivalents /L) =
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3
A x MW x DF x 10 (4)

exl

Where:

A= (A520nm - A700nm)p]-[1.0 - (A520nm - A700nm)pH4.5

MW =molecular weight of cyanidin-3-glucoside
(449.2 g/mol)

DF =dilution factor

e =molar extinction coefficient of cyanidin 3-glucoside
(26,900 Lmol ™ *-cm™1)

1 = = cell path length (1 cm)

103 = factor conversion from g to mg

Total monomeric anthocyanin content in mg cyanidin-
3-glucoside equivalents/L was then converted into mg
cyanidin-3-glucoside equivalents for every 100g of sam-
ple in dry weight (mg/100g DW)

Condensed Tannins Content (CTC)

Condensed tannins content was determined according
to Medini et al. (2014) using the vanillin-HCI method.
The diluted extract (0.05mL) was mixed with 3mL 4%
(w/v) vanillin solution in methanol and 1.5 mL of concen-
trated HCI. The solution was allowed to stand for 15 min
in the fume hood before measurement of its absorbance
at 500 nm versus absolute methanol as blank. The results
were expressed as mg catechin equivalent per 100g dry
weight of the sample (mg CE/g DW).

Antioxidant properties

Ferric Reducing Antioxidant Power (FRAP)

The determination of FRAP was carried out according
to Castillo-Israel et al. (2020) and Tomasina et al. (2012).
FRAP reagent was freshly prepared by mixing 300 mM
acetate buffer (pH3.6), 10mM TPTZ solution, and
20mM ferric chloride in 10:1:1 (v/v/v) ratio. The solution
was placed in an incubator (Biobase BOV-D50, Biobase
Meihua Trading Co., Ltd., China) at 37°C for 30 min. The
assay was conducted by mixing 2.7mL FRAP reagent
with 0.3mL of appropriately diluted sample, incubated
at 37°C for 5min, and read at 620 nm for its absorbance.
The results were reported as mg Trolox equivalents for
every 100 g sample in dry weight (mg TE/100g DW).

2,2-Diphenyl-1-1picrylhydrazyl (DPPH) radical scavenging
activity

The DPPH scavenging activity was determined according
to Marinova and Batchvarov (2011) with minor modifica-
tions. The 1.5mL diluted extract was mixed with 1.5mL

60 uM methanolic solution of DPPH. The solution was
mixed well and allowed to stand for 30 min under dark
conditions. The absorbance was measured at 517 nm ver-
sus absolute methanol as blank. The DPPH scavenging
activity was expressed as mg Trolox equivalent (TE) per
100g sample in dried weight (mg TE/100g DW).

2,2’ -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical scavenging activity

ABTS scavenging activity was determined accord-
ing to Castillo-Israel et al. (2020) and Tomasina et al.
(2012). A 7mM ABTS®" and 2.45mM potassium per-
sulfate solution in a 1:1 ratio was prepared and allowed
to stand for 16 hours in a dark room. The solution was
diluted with 50% (v/v) ethanol to obtain the absorbance
of 0.70+0.02 at 734nm. The assay was conducted by
mixing 0.3 mL of the diluted extract with 2.7 mL ABTS
solution, incubated in the dark for 15min, and read at
734nm for its absorbance. The result was expressed as
mg Trolox equivalent (TE) per 100g sample on a dry
basis.

Identification and quantification of specific phenolic
compounds by HPLC

Identification and quantification of the phenolic com-
pounds present in bignay pomace were done by high-
performance liquid chromatography equipped with
a photo-diode array detector based on the method
described by Butkhup and Samappito (2008) with mod-
ifications. Phenolic standard solutions and freshly pre-
pared sample extracts were injected into the Shimadzu
Prominence HPLC system (Shimadzu Corp., Japan) by
an autoinjector at an injection volume of 20 uL. Before
analysis, the standard solutions and sample extracts
were filtered through a 0.22pum PVDF filter (Labfil,
Zhejiang Alwsci Technologies Co., Ltd., China). Chro-
matographic separation of the compounds was car-
ried out using Inertsil ODS-3 chromatography column
(250 mm x 4.5 mm i.d., 5 um particle size) (GL Sciences,
Inc., Japan), using gradient mode of elution. The mobile
phase was a mixture of solvent A (acetonitrile:water
acidified with acetic acid; 2:98v/v) and solvent B
(acetonitrile:water acidified with acetic acid; 98:2
(v/v). For a total run time of 40min, the gradient of
solvents was programmed as follows: 0—3min, 10% B;
3-8 min, 20% B; 8—12min, 30% B; 12-13 min, 40% B;
13-20 min, 50% B; 17-20min, 50% B; 20—30 min, 70%
B; 30-35min, 90% B; 35-40min, 10% B. Elution was
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carried out at 0.8 mL/min flow rate, with column tem-
perature maintained at 30°C.

The phenolic compounds in the sample were com-
pared with the relative retention times of the standards
used (gallic acid, catechin, epicatechin, rutin hydrate,
caffeic acid, syringic acid, ellagic acid, p-coumaric acid,
trans-ferulic acid, myricetin, resveratrol, and querce-
tin). For quantitative analysis, the concentration of
each compound in the sample was calculated based
on the calibration curve (R* >0.99) obtained by plot-
ting the peak area measurements obtained at different
concentrations.

Statistical analysis

Each analysis was conducted with at least three inde-
pendent replicates and the results were expressed as
mean + standard deviation. Data were subjected to
Levene’s test for homogeneity of variance and analy-
sis of variance (ANOVA) (a=0.05). Brown-Forsythe
and Welch tests were used to determine significant
differences among the means for data sets that vio-
lated the assumption of homogeneity of variance.
Tukey’s Honestly Significant Difference (HSD) test
was carried out as post-hoc analysis at 95% level of
confidence. Outliers were determined using Dixon’s
Q-test. All statistical analyses were performed using
IBM SPSS Statistics for Windows, Version 27.0 (IBM
Corp., New York).

Table 1 Proximate composition and physico-chemical profile of
bignay pomace as affected by drying techniques

Parameter Treatment1
Fresh Convection oven- Freeze-dried
dried
Moisture content’ 5225+1.10% 7.59+0.20° 6094027°
Ash? 6124031%  603+£027° 6.2340.12°
Crude protein® 8.23+052° 841+0.76° 7.8840.29°
Crude fat? 7504021 21040.12° 436+0.26°
Crude fiber® 45794422° 410841.23° 4317+£1.10°
Water activity? 0774001*  039+001° 0.3040.00°
Color analysis
L* 38534005 41454045° 39.5240.28°
a* 866+026° 830+0.13° 1064+£0.16
b* 5264036° 3.12£006° 13740.08°
Chroma (C*) 10.13£041° 88640.13° 107240172
Hue angle (H)  31.27+£1.00° 20.6140.34° 7354034
AE* 3674036 4494022

"Values are expressed as mean -+ standard deviation (n = 3). Means with
different superscripts (a-c) within a row, indicate significant differences (p<0.05)
using Tukey’s HSD test

2Values are expressed as percent fresh basis (%fb)

3Values are expressed as percent dry basis (%db)
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Results and discussion

Different parameters were evaluated to investigate the
impact of two drying methods (convection oven-drying
and freeze-drying) on the properties of bignay pomace.
These include proximate composition, physico-chemi-
cal properties, bioactive components, and antioxidant
properties. These parameters were assessed to deter-
mine the most appropriate dehydration method for
bignay pomace to become a shelf-stable source of bio-
active materials.

Physicochemical profile of bignay pomace as affected

by drying techniques

Proximate composition

Table 1 shows the physico-chemical profile of bignay
pomace subjected to different drying methods. The ini-
tial moisture content of the fresh sample was very high
with more than 50% but it was significantly reduced after
drying. To inhibit the growth of microorganisms, the
moisture content must be below 10% (Vera Zambrano
et al. 2019), and this was achieved with both oven-dry-
ing and freeze-drying. Between the two drying methods,
freeze-drying had lower moisture content, however, the
difference was not significant (p<0.05). This shows that
the parameters employed in both drying techniques are
equally effective in decreasing the moisture content of
pomace.

On a dry basis, bignay pomace was found to consist
mainly of fiber, while protein, fat, and ash were detected
in smaller amounts. These components, except the crude
fat content, were not significantly affected by both dry-
ing methods. While it is interesting to note that crude fat
content was found to be lower in both oven- and freeze-
dried samples compared to fresh bignay pomace, a simi-
lar observation was reported by Singhal et al. (2022). This
decrease in the crude fat content may be attributed to the
oxidation of fats, which produces various volatile com-
pounds (Qu et al. 2015).

Water activity

Water activity (Aw) was measured to partially assess the
stability of samples after the drying process. The initial
Aw of the sample was significantly reduced by 49 and 61%

Freeze-dried

Convection oven-dried

Fresh
Fig. 1 Ground and sieved bignay pomace samples
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after oven-drying and freeze-drying, respectively. The
final water activity of the dried samples were around 0.3.
This makes the pomace more stable based on the inhibi-
tion of microbial growth (< 0.60) and enzymatic activity
(<0.75) (Prabhakar & Mallika 2014; Tapia et al. 2020).

Color analysis

Drying resulted in visually perceptible color changes in
the samples (Fig. 1). It is notable that freeze-dried pom-
ace exhibited a purple color, which is generally associated
with positive consumer perception when applied to food
since natural and bright colors creates an impression
of high-quality, healthy, and nutritious food (Amaya &
Nickell 2015). On the other hand, fresh and convection
oven-dried pomace displayed a yellowish color. These
discernible differences in the visually observed colors
correspond to the obtained colorimetric values of the
samples, which showed significant differences.

The L* values show that the brightness/luminosity sig-
nificantly increased with drying. Convection oven-dried
pomace exhibited the highest L* value, which corre-
sponds to a brighter product color. On the other hand,
freeze-dried pomace exhibited the highest a* value, which
translates to a more reddish color than the rest of the
samples indicating that more of the coloring compounds
present in the sample were retained during the process.
In terms of b*, fresh sample had the highest value while
freeze-dried pomace exhibited the lowest value. Increas-
ing positive b* values indicate increasing yellowness in
color, which was manifested visually in the fresh sample
that appeared to be more yellowish (Fig. 1).

The computed chroma (C*), hue angle (H°), and color
difference (AE*) of samples showed the significant effect
of drying in instrumental color. Chroma is considered the
quantitative attribute for colorfulness or the strength of
a color. The higher the C* value, the greater is the color
saturation. Amongst the samples, freeze-dried pomace
exhibited the highest C* value, which translates to high
color intensity that is perceived (Pathare et al. 2013). For
Hc, the highest and lowest values were observed in fresh
and freeze-dried samples, respectively. This data obtained
indicates proximity of the samples to the red color
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spectrum. Visually, freeze-dried sample has a darker
color compared to the fresh and convection oven-dried
pomace. Graphically, an H° value of 0° represents a red
hue, 90° to yellow, 180° to green and 270° is attributed to
blue (Santos et al. 2020). For AE*, results showed that the
convection oven-dried pomace had a lower value com-
pared to the freeze-dried sample, however the differences
are not significant. A AE* value of 1.0 or lower denotes
a non-perceivable color difference (Karma 2020). In the
case of bignay pomace samples, the values obtained sig-
nify a perceptible difference in the color of the dried
pomace with respect to the reference (fresh pomace).
This conforms to what is visually perceived in the sam-
ples. It can be noted in Fig. 1 that the color of convection
oven-dried sample and the fresh sample are more simi-
lar whereas the freeze-dried pomace exhibited a darker
color.

Effect of drying techniques on the bioactive compounds
in bignay pomace
Table 2 shows the impact of convection oven-drying and
freeze-drying on the total phenolic content (TPCA), total
monomeric anthocyanin content, and total flavonoid
and condensed tannins content. Data shows significant
changes (p<0.05) in the total phenolic content and total
anthocyanin content of fresh bignay pomace after dry-
ing. The concentration of total phenolics after undergo-
ing freeze-drying and convection oven-drying decreased.
Between the two drying methods, a higher total phenolic
content in the pomace was observed after freeze-drying
compared to convection oven-drying. From an initial
amount of 1967.32mg GAE/ 100g DW in fresh pomace,
the TPC changed to 1767.48 mg GAE/ 100g DW after
freeze-drying, which is equivalent to a reduction of less
than 1%. A much lower concentration of total pheno-
lics was observed in convection oven-dried pomace at
1284.45mg GAE/ 100g DW accounting for a 35% loss.
Literature available investigating the effect of drying
methods on the bioactive components of bignay is lim-
ited to none, and the same holds true for bignay pom-
ace. However, there are some studies done on other
bioactive-rich plant materials that can be used to

Table 2 Phytochemical components of bignay pomace as affected by drying techniques

Treatment Total Phenolic Content Total Monomeric Anthocyanin Total Flavonoid Content  Total Condensed
(mg GAE/100g DW) Content (mg C3GE/100g DW) (mg CE/100g DW) Tannins (mg CE/100g
DW)
Fresh 1967.32+1890° 171.95+£1.42¢ 3364.11+£215.01° 1382.06 £ 143.34°
Convection oven-dried 1284.45+4.09¢ 21097 £6.39° 3085.554242.96° 144154 +£161.97°
Freeze-dried 176748 +12.08° 47489+641a 3452.72 +165.66° 1702.45+£191.29°

Values are expressed as mean + standard deviation (n =3). Means with different superscripts (a-c) within a column, indicate significant differences (p<0.05) based on

ANOVA and Tukey’s HSD test
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compare the results of this study. Different researchers
have distinct findings depending on the drying method
employed. Drying may lead to degradation of phenolic
components because their structures are easily destroyed
when subjected or exposed to heat, oxygen and freez-
ing (Tan et al. 2019). This explains the reduction in the
TPC of bignay pomace in both drying techniques. With
respect to convection oven-drying and freeze-drying,
this study conforms with the findings as Orphanides
et al. (2013) where it was reported that freeze-drying
resulted in higher total phenolic content in spearmint
compared to convection oven-drying. Likewise, Kumar
et al. (2022) observed freeze-drying to be a more effective
technique than convection oven-drying when applied
to Citrus sinensis L. Osbeck. Freeze-drying resulted in
higher retention of total phenolic contents over convec-
tion oven-drying because it is performed at lower tem-
perature. This minimized the reduction in the amount
of total phenolic contents since the stability of polyphe-
nols is greatly affected by the temperature, which can
cause chemical and enzymatic degradation (Akowuah
et al. 2009; Mphahlele et al. 2016). The exposure to
oxygen and heat during convection oven-drying may
have favored the activity of polyphenol oxidase lead-
ing to degradation of phenolic compounds (Coklar &
Akbulut 2017).

Freeze-drying can increase or decrease the total phe-
nolic content depending on the plant material, among
other factors. Gumiisay and Yal¢cin (2019) reported an
increase in the total phenolic content of kiwi fruit and
cherry laurel. Similar findings were also observed in
jujube (Gao et al., 2012), blueberry (Kwok et al. 2004),
and stinging nettle leaves (Garcia et al. 2021). On the
other hand, phenolic contents of pomelo peels (Rah-
man et al. 2018), mango, papaya, and watermelon (Sho-
fian et al. 2011), pineapple (Izli et al. 2018), black grape
(Coklar & Akbulut 2017), bilberry and raspberry (Michal-
czyk et al. 2009) have decreased after freeze-drying. The
same observation was noted in this study where the TPC
in bignay pomace decreased after freeze-drying. This
decrease in the total phenolic content could be attributed
to certain phenolic constituents that might have been
degraded during freeze-drying. Possible reason for this
is the disruption of cell membrane from the formation of
ice crystal, which could have promoted enzyme activity
(Seke et al. 2021). Tan et al. (2019) attributed the lower
phenolic content observed in freeze-dried litchi com-
pared to fresh litchi fruits to the rapid change in pressure
during freeze-drying, which may have caused the degra-
dation of some phenolic components.

On the contrary, the total monomeric anthocyanin
content of bignay pomace was positively affected by the
drying methods employed. The amount of anthocyanin
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analyzed from convection oven-dried and freeze-dried
samples were significantly higher than in the unprocessed
pomace. From the initial value of 171.95mg C3GE/100g
DW, the anthocyanin content of bignay pomace remark-
ably increased by 176% after freeze-drying (474.89mg
C3GE/100g DW), while in convection oven-drying the
increase was at 23% (210.97 mg C3GE/100g DW).

The findings of Michalczyk et al. (2009) on strawberry
is consistent with the trend observed for bignay pom-
ace where freeze-drying increased the total anthocyanin
content. Coklar and Akbulut (2017) also observed higher
individual anthocyanins in the freeze-dried grape than
in the fresh sample. During drying process, there are
several mechanisms that can impart positive or nega-
tive effect on the bioactive components of a plant mate-
rial. While cell disruption can cause the degradation of
certain phenolics, it can also help facilitate a more effi-
cient extraction of cellular component by allowing better
solvent infiltration (Sablani et al. 2011). In freeze-drying,
cell-disruption is brought by the formation of ice crys-
tals. With this, the cellular matrix is no longer intact
and thus, allows some bound cellular components to be
freely released during extraction (Mphahlele et al. 2016).
In addition to this, freeze-dried materials have greater
porosity (80 to 90% than those produced by other drying
methods such as convective-, microwave-, and vacuum-
drying methods), which allowed higher extraction effi-
ciency (Coklar & Akbulut 2017).

Interestingly, the total flavonoid content (TFC) and
condensed tannins content (CTC) of bignay pomace
were found to be not significantly affected by both freeze-
drying and convection oven-drying. Likewise, the TFC
and CTC of freeze-dried and convection oven-dried sam-
ples were found to be not significantly different. Elshaafi
et al. (2020) reported similar findings on fig (Ficus carica
L.) BTM 6 cultivar leaves. Samples that were subjected to
freeze-drying and oven-drying (60°C) showed no signifi-
cant difference on their total flavonoid contents. A study
on the thermal stability of flavonoids (rutin, naringin, eri-
odictyol, mesquitol, luteolin, and luteolin 7-O -glucoside)
by Chaaban et al. (2017) demonstrated that most of the
analyzed compounds can remain stable even at higher
temperature. Rutin, eriodyctiol, and luteolin 7-O-glu-
coside showed a decrease of less than or equal to 10%
after 2 h of treatment at 70°C and no degradation was
observed for naringin at temperatures below 100°C. The
temperature employed for oven-drying of bignay pomace
was 40°C, and this may not be enough to cause signifi-
cant degradation on its flavonoid components.

For condensed tannins content, Larrauri et al. (1997)
similarly observed no significant difference between
the freeze-dried and oven-dried (60°C) red grape pom-
ace peels. This may be attributed to the stable nature of
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tannins. Latos-Brozio and Masek (2020) reported that
tannins are more thermally stable compared to other
phenolic compounds because of its complex aromatic
structure. Tannins are also more stable because of their
ability to bind to protein and fibers (Larrauri et al. 1997).
In this study;, it was also established that bignay pomace
contain fairly high concentrations of phenolics, antho-
cyanin, and flavonoids and are comparable to the results
obtained by Butkhup and Samappito (2008) on whole big-
nay fruit. The study evaluated methanolic extracts of the
whole bignay fruit from different cultivars and found that
total anthocyanin ranged from 3.34 to 1414.94mg C3GE
/100g DW and TPC was from 547 to 1321 mg GAE/ 100g
DW while total flavonoid content was from 114.67 mg
/100g FW to 397.90mg/100mg FW (Butkhup & Samap-
pito 2008). Bignay pomace was also found to have almost
the same concentration of total phenolics as the pulp of
bignay fruit that were grown in the Philippines. In terms
of total flavonoid content, bignay pomace turned out to
be more superior than the flesh. Fresh bignay pomace
had a TPC of 1967.32mg GAE/100g DW and TFC of
3364.11 mgCE/100g DW. The methanolic extract of the
flesh in the study of Barcelo et al. (2016) had a TPC of
1978 mg GAE/100g DW and TFC of 1526.7mg QE/100g
DW. Recuenco et al. (2016) also analyzed the metha-
nolic extract of the flesh and recorded a TPC of 1839 mg
GAE/100g DW and TFC of 404 mg CE/100g DW.

Effect of drying techniques on the antioxidant properties
of bignay pomace

Three common assays were used to determine the anti-
oxidant properties of bignay pomace. Data gathered
revealed that freeze-drying had a positive effect on the
antioxidant properties of bignay pomace as shown in
Table 3. The antioxidant capacity of bignay pomace con-
sistently increased in all the tests after undergoing freeze-
drying process. Using the DPPH assay, the free-radical
scavenging activity of bignay pomace after freeze-drying
increased by 23% while it did not change significantly
with convection oven-drying. In terms of FRAP, the
activity of convection oven-dried pomace was reduced by
13% while the freeze-dried pomace showed an increase
of 7%. The data showed that ferric reducing antioxidant
power of bignay pomace was significantly influenced by
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drying. The ABTS scavenging activity of freeze-dried
pomace remarkably increased by 36%. Both drying tech-
niques increased the ABTS scavenging activity of bignay
pomace but the effect of convection oven-drying was not
significant.

Certain processing techniques can negatively or posi-
tively affect the bioactivity of some antioxidants. Higher
antioxidant activity was observed in freeze-dried sam-
ple compared to fresh and convection oven-dried sam-
ples. Based on several studies, freeze-drying often
results in higher antioxidant activities than samples
exposed to thermal drying process (Coklar & Akbu-
lut 2017; Kasunmala et al. 2021; Saifullah et al. 2019;
Samoticha et al. 2016). In the case of bignay pomace, the
strong antioxidant activity of freeze-dried sample may
be attributed to the higher amounts of phenolic com-
pounds present compared to other samples. For total
anthocyanin, there was a significantly higher concen-
tration that was extracted in freeze-dried sample. The
concentrations of total flavonoids and total condensed
tannins were also highest among the three samples.
Their cumulative amounts contributed greatly to the
enhanced antioxidant activity of freeze-dried samples
as compared to the fresh pomace. On the other hand,

Table 4 Individual phenolic compounds in fresh and dried
bignay pomace samples from HPLC analysis

Phenolic Conc. (mg/100g DW)
Compound

Fresh Convection oven- Freeze-Dried

dried

Catechin 26974065 20.3141.81° 21.36+0.54°
Epicatechin 49224203% 38624235° 4031+361°
Rutin hydrate 31740290 244+009° 26840.17°
Syringic acid 3784013 2284004 2.280.04°
Ellagic acid 23984046 12.574043° 13.05+£0.56°
Trans-ferulic acid 4704013 2344009° 2.2540.05°
Myricetin 39740.11°  206+£002° 20940.15°
Resveratrol 5314035 298+007° 2.77 +£0.08°
Quercetin 78640270 404+0.11° 4594007°

Values are expressed as mean + standard deviation (n = 3). Means with different
superscripts (a-c) within a row, indicate significant differences (p<0.05) based on
ANOVA and Tukey’s HSD test

Table 3 Antioxidant properties of bignay pomace as affected by drying techniques

Treatment

DPPH Radical Scavenging Activity Ferric Reducing Antioxidant Power ABTS Scavenging Activity

1283444 101.46°
1243.06 4+ 58.14°
157463 +48.18°

Fresh
Convection oven-dried
Freeze-dried

1618.65 4 24.04°
1668.54 4 58.32°
219959445112

2674524 140.11°
2405.72 4 34.43¢
2935.92457.79%

Values are expressed as mean + standard deviation (n =5). Means with different superscripts (a-c) within a column, indicate significant differences (p<0.05) based on

ANOVA and Tukey’s HSD test. Values are expressed as mg Trolox equivalent/100g DW
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subjecting pomace to heat with prolonged exposure to
air is more favorable to oxidation and degradation reac-
tions that often results in loss of bioactive components
(Silva-Espinoza et al. 2020) as manifested in the convec-
tion oven-dried sample. It had the lowest concentration
of the phytochemical components measured except for
condensed tannins. Hence, it exhibited lower antioxi-
dant activity compared to fresh and freeze-dried sam-
ples. Furthermore, subjecting the pomace to elevated
temperature could have caused certain polyphenols to
be transformed into other compounds that have weak
antioxidant potential (Akowuah et al. 2009).

Effect of drying on the phenolic compound profile

and concentration of bignay pomace

From the 12 phenolic standards used, nine phenolic com-
pounds were detected in bignay pomace using HPLC-
PDA and they were identified as catechin, epicatechin,
rutin hydrate, syringic acid, ellagic acid, trans-ferulic
acid, myricetin, resveratrol, and quercetin (Table 4). All
of these phenolic compounds, except syringic acid, were
also identified in the analyzed bignay fruit samples from
different cultivars in a previous study conducted by But-
khup and Samappito (2008). Aside from these, they also
identified procyanidin, gallic acid, caffeic acid, narin-
genin and kaempferol.

Results revealed that bignay pomace in its fresh form
had the highest concentration of each phenolic com-
pound identified but was significantly reduced after
freeze-drying and convection oven-drying (15 to 52%).
Drying may lead to degradation of phenolic compo-
nents because their structures are easily destroyed when
subjected or exposed to heat, oxygen and freezing (Tan
et al. 2019). A similar result was achieved in red rasp-
berry (Rubus lambertianus) where a decrease in the
concentration of individual phenolic compounds includ-
ing catechin, rutin, and quercetin was observed after
freeze-drying and hot air-drying (Yu et al. 2018). In the
same manner, Centella asiatica also exhibited degrada-
tion of flavonoid components by up to 97% as an effect of
freeze-drying and oven-drying (Mohd Zainol et al. 2009).
The drying process may have facilitated the activity of
oxidative enzymes such as polyphenol oxidase and per-
oxidase, which consequently caused the loss of phenolic
complexes (Roslan et al. 2020). According to Kumar et al.
(2022), for any drying method, there is a disintegration of
cellular structures. This makes the phenolic compounds
that are outside the organelles to be more prone to degra-
dation (Kumar et al. 2022; Turgay & Esen 2020).

Epicatechin was the most abundant in the fresh,
freeze-dried, and convection oven-dried bignay pom-
ace amounting to as high as around 50mg/100g DW
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followed by catechin. Ellagic acid was the third most
abundant phenolic compound with a concentration of
around 13% in the dried samples. The rest of the phenolic
compounds were available at a concentration lower than
10mg/100g. Epicatechin, catechin, resveratrol, myricetin,
quercetin, and ferulic acid were also some of the phenolic
constituents identified in the fruit from different culti-
vars of bignay in Thailand by Jorjong et al. (2015). The
concentrations of most of the phenolic compounds in
the pomace were found to fall within the reported range
of Jorjong et al. except for epicatechin and resveratrol.
These two compounds were present in lower amounts in
pomace compared to the whole fruit.

There was no significant difference found in the concen-
trations of all the phenolic compounds in the freeze-dried
and convection oven-dried pomace except quercetin.
Among all the detected phenolic compounds, epicatechin,
catechin, and rutin were found to be least affected by both
convection oven-drying and freeze-drying, as suggested
by the lower percentage reduction in their concentrations
(around 15-25%). Using different drying treatments, cate-
chin and rutin were also observed as the most stable in C.
asiatica (Mohd Zainol et al. 2009). Likewise, rutin accord-
ing to Frutos et al. (2019), is a generally stable phenolic
compounds even when subjected to heat processing. The
rest of the phenolic compounds present in the dried pom-
ace exhibited lesser retention. For trans-ferulic acid, the
amount was reduced by half after undergoing convection
oven and freeze-drying whereas myricetin, resveratrol,
ellagic acid, syringic acid, and quercetin had reduction
of 40-49%. The different effects of drying on the individ-
ual phenolic compound according to Mohd Zainol et al.
(2009) is possibly due to variability in the number and
arrangement of hydroxyl groups.

Conclusion

Drying had a significant impact on the physico-chemical
and bioactive properties of bignay pomace. Both the con-
vection oven- and freeze-drying methods were effective
in reducing the moisture content and water activity of the
material as well as in enhancing its color characteristics.
In terms of bioactive profile and antioxidant properties,
the drying process had a varied effect on bignay pomace,
depending on the specific method applied. Compared to
convection oven-drying, freeze-drying resulted in mini-
mal degradation of the total phenolic content whereas
the total anthocyanin, total flavonoid, and condensed
tannins content increased. This promoted higher antioxi-
dant activity with freeze-drying. Overall, freeze-drying
was found to be the suitable drying method for bignay
pomace to preserve its bioactive properties.
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