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Variations in total phenols, total anthocyanins, and antioxidant activity levels
in black chokeberry (Aronia melanocarpa) fruits subjected to dry
and moist heat treatments
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Abstract The present study investigated the effects of dry and moist heat treatments on total phenols, total anthocyanins,
and antioxidant activity levels in black chokeberry (Aronia melanocarpa) fruits. Lyophilized chokeberry powder samples
were heated in a drying oven at 60, 100, 160, 180, and 200°C for 20, 40, or 60 min. Finely ground fresh chokeberry fruits
were heated in water at 60, 80, and 100°C for 20 min, and bioactive compound and antioxidant activity levels were
measured. The bioactive compounds and antioxidant activity decreased with increasing temperature and treatment duration.
Antioxidant activity was preserved at 160°C or lower without significant loss for dry heating, whereas moist heat treatment
increased both bioactive compounds and antioxidant activity with increasing temperature.
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Introduction

Black chokeberry (4ronia melanocarpa) fiuits are rich in phenolic
compounds, including flavonoids (e.g., flavon-3-ols), anthocyanins,
and phenolic acids (e.g., chlorogenic acid and neochlorogenic acid)
(Kulling and Rawel, 2008). Chokeberries have been considered as
natural medicine for treating diseases in the cardiovascular and
digestive systems because of their high antioxidant activity
resulting from the high phenolic compound content (Kulling and
Rawel, 2008). In addition, chokeberries possess blood pressure-
lowering, lipid-lowering, gastroprotective, hepatoprotective, and anti-
carcinogenic properties (Denev et al., 2018). Recently, chokeberry
products and preparations have shown antiviral activity (Park et
al., 2013), anti-aging effects (Daskalova et al., 2015), and anti-
inflammatory activity in patients with mildly elevated blood pressure
(Brzoska et al., 2015). However, the astringent taste deriving from
their high phenolic compound content, particularly phenolic acids
and proanthocyanidins (also called condensed tannins), limits their
consumption as raw fruit (Kulling and Rawel, 2008). Therefore,
chokeberries are usually consumed in several preparations, such as
juice, jam, jelly, syrup, bread, tea, and wine. Some of these
products, including jam, bread, and tea, undergo dry or moist heat
treatments while prepared that may result in the loss of bioactive
compounds and, consequently, antioxidant activity.

The two most popular chokeberry products are juice and dried
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powder. The unpleasant taste of chokeberry fruit juice is reduced
because macromolecular tannins are less extracted into the aqueous
phase during its preparation, providing that the juice is produced
using the compressing method without grinding. The residue pomace
is commonly used for the production of dietary supplements (pills
or capsules), functional foods, snacks, or tea infusions after drying
(Vattem et al., 2005; Wawer et al., 2006; Baranowski et al., 2009).
The drying method also influences the bioactive compound content
and antioxidant activity. Convective hot air drying of whole fruits
at 50-70°C for 12-24h usually leads to decreased antioxidant
levels, and in particular, anthocyanins (Hwang and Thi, 2014;
Samoticha et al., 2016; Park and Kim, 2018).

Furthermore, black chokeberry can be used as a food additive.
Some types of food are heated, but the bioactive compounds in
chokeberry can be degraded. There are two types of heat cooking
methods for chokeberry as follows: dry and moist heat cooking.
One example of dry heat cooking is bread baking, in which bread
is baked with fresh fruits or dried powder at 160-210°C. Fresh fiuits
can also be used for preparing hot soup, pot stew, or steamed rice.

Previous studies demonstrated that the bioactive compounds and
antioxidant activities of some other berries are influenced by temperature
and time during either dry or moist heating. Anthocyanins are
generally thermolabile, and the maximum heating temperature and
duration without significant anthocyanin loss seemed to be less
than approximately 100°C and 30 min, respectively (Cristea, 2016;
Hwang and Ki, 2013; Khanal et al., 2010). On the contrary, Yue
and Xu (2008) reported that anthocyanins in bilberry were rapidly
degraded at 100°C or higher by dry heating, whereas 2,2-diphenyl-
1-picrylhydrazyl (DPPH) free radical scavenging activity rather
slightly increased at 100°C for 10 and 20 min and at 125°C for 10
min. However, longer heating durations resulted in decreased
antioxidant activity. Moist heating of the aqueous extract of some
fruits and vegetables and other types of berries showed results similar
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to those for dry heating (Arancibia-Avila et al., 2012; Leong and
Oey, 2012), indicating that 100°C and 20 min would be maximum
moist heating temperature and duration conditions at which significant
loss of biological activity is avoided.

The above-mentioned previous studies were conducted for either
dry or moist heating separately for vegetables and fruits other than
chokeberry. This study aimed at investigating the variations of
chokeberry in total phenols, total anthocyanins, and antioxidant
activity levels using both heating methods.

Materials and Methods

Reagents

Folin-Ciocalteu’s reagent (FCR), 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonate) (ABTS), gallic acid, sodium carbonate, DPPH, and
potassium persulfate were purchased from Sigma-Aldrich (St. Louis,
MO, USA). High performance liquid chromatography (HPLC)-
grade water, methanol, and acetonitrile were purchased from
Thermo Fisher Scientific (Waltham, MA, USA), and formic acid
was obtained from Daejung Chemicals & Metals (Seheung, Korea). All
reagents were used without further purification.

Sample preparation

Black chokeberry (Nero cultivar) fruits that were cultivated in
Chuncheon, Korea and harvested in late August of 2018 were
used. The fresh fruits were stored in a freezer (—24°C) on the same
day until further use.

The heating experiments were carried out using the two
following methods: dry and moist heating. For the dry heating
experiments, fresh chokeberry fruits were lyophilized in a freeze-
dryer (MG-VFD20; MG Ind., Gunpo, Korea) and then pulverized
using a blender (HMF-3500TG; Hanil, Seoul, Korea). The dried
powder (1 g) was heated in a drying oven (ThermoStable OF-155;
Daihan Scientific, Wonju, Korea) at 60, 100, 160, 180, or 200°C
for 20, 40, or 60 min. Each experiment was carried out in
triplicate. Bioactive compounds were extracted into 10 mL of 50%
ethanol in water (v/v) from each sample, and the total phenolic
content (TPC) and total anthocyanin content (TAC) were measured
as well as the antioxidant activity.

For the moist heating experiment, 25 g of fresh fruits were cut
into small pieces in 250 mL of water using a blender (Hanil).
Thereafter, 20 mL of the mixture in a 40-mL glass vial was heated
in a water bath at 60, 80, or 100°C for 20 min each. The heated
samples were centrifuged at 10,000 rpm (ScanSpeed 1580;
LaboGene, Seoul, Korea), and the upper layer was analyzed for
the aforementioned items.

Measurement of TPC

The TPC in each sample was measured using FCR and
colorimetric methods as previously described by Singleton et al.
(1999), with slight modifications. Here, 1 mL of FCR was added
to 1 mL of the berry extract in a 15-mL centrifuge tube, and the
resulting mixture was left at room temperature for 5 min. Then,
3mL of 2% Na,CO, was added into the vial and left at room
temperature for 30 min. Absorbance values at 750 nm were measured

using a UV-9100 spectrophotometer (Human Corp., Seoul, Korea).
Gallic acid was used as a standard for quantitation, and the
measured concentrations were expressed as mg of gallic acid
equivalent (GAE)/kg dry weight (DW) or fresh weight (FW).

Measurement of TAC

The TAC in each sample was measured using the pH
differential method previously described by Giusti and Wrolstad
(2001), with slight modifications. A diluted sample (0.1 mL;
absorbance, 0.1-0.2 at 510 nm) was mixed with 3.9 mL of either
pH 1.0 buffer solution (hydrochloric acid-potassium chloride buffer)
or pH 4.5 buffer solution (acetic acid-sodium acetate buffer). The
mixture was heated at 40°C for 15 min, and the absorbance at each
pH was measured at 510 and 700 nm, respectively. The absorbance
(4) of each sample was calculated using Eq. (1) as follows:

A=(A510 nm_A700 nm)pH 1.0_(A510 nm_A700 nm)pH 45 (1)

TAC was calculated for cyanidin-3-glucoside using Eq. (2) as
follows:

A x MW x DF x 1000
exd

TAC (mg/L)= )
where A=absorbance value; MWW=molecular weight of cyanidin-3-
glucoside (449.2 g/mol); DF=dilution factor; e=molar absorptivity
of cyanidin-3-glucose (26,900 L/mol-cm); and d=path length
(1 cm). TAC was expressed as mg cyanidin-3-glucose equivalent/
kg DW or FW.

Chromatographic comparison of anthocyanin peak areas

In addition to TPC, four anthocyanins (cyanidin-3-galactoside,
cyanidin-3-glucoside, cyanidin-3-arabinoside, and cyanidin-3-xyloside)
in the berry extract measured using a method previously described
by Kalt et al. (1999). Each sample was filtered through a 0.45-um
hydrophilic PTFE syringe filter (LabTech, Sorisole, Bergamo,
Italy). Then, 10 mL of the filtrate was injected into a high-performance
liquid chromatograph-photo diode array detector (Waters Co.,
Milford, MA, USA), and the total peak area variations of the four
anthocyanins were investigated. A SkyPak C,, analytical column
(250 mmx4.6 mmx5 pm; SK Chemicals, Seongnam, Korea) and
ODS-A guard column (20 mmx4.0 mmx5mm; YMC, Kyoto,
Kansai, Japan). The mobile phases were composed of 5% formic
acid in water (A) and methanol (B), and the flow rate was set at
0.5 mL/min. The eluent program was as follows: 0 to 10 min,
91% A; 10 to 15min, 65% A; 15 to 20 min, 65% A; 20 to
25 min, 50% A; and 25 to 35 min, 91% A. Each anthocyanin was
detected at 520 nm.

Determination of ABTS and DPPH radical scavenging
activity antioxidant activities

ABTS radical scavenging activity was determined using the
method previously described by Re et al. (1999). The ABTS
solution was prepared by mixing 10 mL of the ABTS (7 mM) and
10 mL of K,S,0; (2.45 mM) solutions and storing in the refrigerator
for 24 h. The ABTS solution was diluted with ethanol to attain an
absorbance value at 732 nm of 0.7+0.05. The diluted extract (0.05
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mL) was mixed with the ABTS solution (2.95 mL) and kept in the
dark for 10min. The absorbance value of the mixture was
measured at 734 nm. The percentage inhibition was calculated
using Eq. (3) as follows:

A —A
Percentage inhibition (%)=—22tk_—sample g 3)
blank

where A4, =absorbance for blank; and A, =absorbance for
sample.

DPPH radical scavenging activity was determined using the
method previously described by Benvenuti et al. (2006). The diluted
extract (0.05 mL) was mixed with 0.2 mM DPPH solution (2.95
mL), and the mixture was kept in the dark for 30 min. The
absorbance values at 515 nm were measured against a blank, and
the percentage inhibition was calculated using the same equation
as that used to calculate ABTS antioxidant activity.

sample

Statistical analysis

All data were presented as meantstandard deviation. One-way
analysis of variance (ANOVA) tests were carried out to compare
the mean values among data sets with a significance level (o) of
0.05 using the IBM® SPSS Statistics 24 software (SPSS Inc.,
Chicago, IL, USA).

Results and Discussion

Variations of TPC and TAC by dry heating

TPC variations in the lyophilized chokeberry powder by dry
heating are shown in Fig. 1. The TPC reduction was dependent on
both the heating temperature and duration; higher temperature and
longer heating generally resulted in further TPC reduction. Temperature
appeared to be a more critical parameter. The TPC was decreased
by 76% at 180°C and 93% at 200°C after 20 min of heating,
compared with that of the control group. Two other lower
temperature options such as 100 and 160°C showed much lower
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Fig. 1. Changes in total phenolic content (TPC) expressed as mg
gallic acid equivalent’/kg dry weight (mg GAE/kg DW) in
lyophilized chokeberry powder with increasing dry heating
temperature and duration. The asterisks (*) indicate that the
values are significantly different from the initial value.
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Fig. 2. Changes in total anthocyanin content (TAC) expressed as
mg cyanidin-3-glucose equivalent/kg dry weight (mg CGE/kg
DW) in lyophilized chokeberry powder with dry heating
temperature and duration. The asterisks (*) indicate that the
values are significantly different from the initial value.

TPC reduction rates than 180°C or higher, displaying a gradual
decrease over time. Furthermore, heating for 60 min at those
temperatures resulted in 34 and 41% TPC reduction, respectively.
On the contrary, heating at 60°C for 20 min seemed to rather
increase TPC, but its average value was not significantly different
from the initial values (p=0.313) at a significance level of 0.05.
Heating at 60°C for 40 min did not change the TPC, but 60 min
of heating showed a 14% decrease.

Anthocyanins were more thermolabile than the other phenolic
compounds as indicated in Fig. 2. Exposure to the three highest
temperature options (160, 180, and 200°C) for 20 min or longer
led to a loss of TAC of 99% or greater. Heating at 100°C for 20
min resulted in a great reduction of TAC (46%) compared to
unheated control, but no further decrease was observed for longer
heating durations (47% for 40 and 60 min). Heating at 60°C
showed a slow TAC reduction by 11, 34, and 43% for 20, 40, and
60 min, respectively.

Figure 3A shows the HPLC results for 20 min dry heating at
60, 100, 160, 180, and 200°C. The chromatographic retention
times for cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-3-
arabinoside, and cyanidin-3-xyloside were 21.9, 22.7, 24.7, and
29.4 min, respectively. As suggested in Fig. 2, the peak area count
(6.4x107) for TAC at 100°C was lower than that (7.4x107) at
60°C, and no peaks were identified in the chromatograms at 160°C
or higher. This confirmed that high temperatures above 160°C led
to almost complete anthocyanin degradation in chokeberry powder.

These results show that dry heat cooking at high temperatures
and for long periods of time can decrease the contents of the
aforementioned bioactive compounds. Berries, including blueberry,
chokeberry, raspberry, strawberry, and blackberry, are sometimes
used as additives in bread baked at high temperatures ranging
commonly between 160 and 220°C. For example, cakes are baked
at 160-180°C for 40 min, cookies at 160-180°C for 16 min, and
yeast bread at 200°C for 45 min, and the selected temperature and
duration of the baking may depend on the product size, ingredients,
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Fig. 3. HPLC results of four anthocyanins in dry- (A) and moist-heated (B) chokeberry samples. Peaks were identified as follows: (1)
cyanidin-3-galactoside (21.9 min), (2) cyanidin-3-glucoside (22.7 min), (3) cyanidin-3-arabinoside (24.7 min), and (4) cyanidin-3-xyloside

(29.4 min).

and desired taste. Therefore, a great loss of bioactive compounds
is expected during bread baking.

The bioactive compounds were found to decrease significantly
even at low-temperature convective drying of berries, which is
commonly carried out at 50-70°C for 12-48 h (Hwang and Thi,
2014; Park and Kim, 2018; Samoticha et al., 2016). TPC and TAC

were decreased by as much as 22-32 and 57-64%, respectively,
compared with those following freeze-drying (Samoticha et al.,
2016), which was recommended to be the optimal drying method
for chokeberry. This indicated that prolonged convective drying
also contributed to loss of bioactive compounds.

Ross et al. (2011) tested the thermal stability of polyphenolic
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Table 1. Variations in ABTS and DPPH radical scavenging activities with dry heating temperature and duration

Temperature ABTS radical scavenging activities (% inhibition) DPPH radical scavenging activities (% inhibition)
®) 0 min 20 min 40 min 60 min 0 min 20 min 40 min 60 min
60 97.6+0.7 97.4+0.7 98.4+0.3 98.2+0.3 91.3+0.4 90.9+0.1 91.4+0.4 91.6+0.1
100 97.6+07 98.2+0.5 97.9+0.7 98.2+0.3 91.3+0.4 91.9+0.3 92.1£0.1 92.2+0.1
160 97.6+0.7 99.1+0.0 99.3+0.1* 99.5+0.1* 91.3+0.4 92.7+0.2% 93.4+0.1%* 93.5+0.0%*
180 97.6+0.7 98.7+0.1 97.5+0.3 84.2+5.6* 91.3+£0.4 87.2+5.6 73.7£7.3% 67.3+5.8*
200 97.6+0.7 68.1£6.6* 37.9+3.0% 34.4+5.9* 91.3+£0.4 46.6+0.5* 38.943.6* 36.3+3.1%*
The asterisks (*) indicate that the values are significantly different from the initial value.
compounds in grape seed flour at 120-240°C for a wide range of
time durations (10-90 min), and found that temperatures of 180°C 5000 |- TPC 00
or higher and durations of 10 min or longer drastically decreased 22 %
both TPC and TAC. They also observed that heating at 240°C for g‘"’oo i 1 e s
10 min virtually resulted in the total loss of bioactive compounds. % % :\32
Several studies focused on the thermostability of anthocyanins 3 s000 1%% o
that are frequently used as food colorants. Anthocyanin decomposition 2 g
in the dry methanolic extract of bilberry fruits was drastically EZOOO i | 2000:;_3
increased with increasing temperature (80, 100, and 125°C) and 00 00
duration (10, 20, and 30 min) (Yue and Xu, 2008). For example, * *
the average half-lives of cyanidin-3-galactose were approximately . ¥ 7 7 Z/
25 60 80 100

120, 25, and 5 min for 80, 100, and 125°C, respectively, indicating
that anthocyanins are very unstable at temperatures greater than
100°C. Other studies also demonstrated that heating at 60°C
reduced the anthocyanin content in grape and blueberry pomace
(Khanal et al, 2010) and chokeberry extract (Hwang and Ki,
2013), and approximately 40°C is a presumable marginal temperature
for anthocyanin thermostability (Hwang and Ki, 2013). Our results
also indicated that anthocyanins are very thermolabile compounds
and need low-temperature storage or processing to minimize loss.

Variations of antioxidant activities by dry heating

The ABTS and DPPH antioxidant activities were not greatly
changed (Table 1) by dry heating of chokeberry powder at 160°C
or lower for 20 to 60 min. Heating at 180°C did not reduce ABTS
antioxidant activity for 20 and 40 min, but decreased it for 60 min
by 17%. However, heating at the same temperature (180°C) influenced
DPPH antioxidant activity more than ABTS antioxidant activity,
reducing it by 4.5, 19, and 26% for 20, 40, and 60 min, respectively.
On another note, heating at 200°C for 60 min remarkably
decreased both ABTS and DPPH antioxidant activities by 65 and
60%, respectively. Based on these two assays, dry heating at
160°C for 60 min would be the maximum temperature and heating
duration conditions for processing chokeberries in order to avoid
significant loss of antioxidant activities.

Antioxidant activity usually decreases with decreasing TPC and
TAC. Our study results are consistent with those of previous
studies. Dry heating in a convection oven at 50-70°C reduced both
antioxidant activities and bioactive compounds (Hwang and Thi,
2014; Samoticha et al., 2016). Heating at 240°C for 10 min caused
a complete loss of DPPH radical scavenging activity (Ross et al.,
2011).

Heating temperature (°C)

Fig. 4. Variations in TPC and TAC with moist heating at 60, 80,
and 100°C for 20 min. The asterisks (*) indicate that the values are
significantly different from the initial value.

Variations of TPC, TAC, and antioxidant activity by moist
heating

Moist heating of ground fresh chokeberries for 20 min did not
reduce TPC and TAC at all temperatures tested, but rather
increased them with temperature increase (Fig. 4). TPC at 60, 80,
and 100°C increased by 22, 53, and 88%, respectively, compared
with the unheated control (25°C). TAC at 60°C did not differ from
the control, but increased by 55 and 42% at 80 and 100°C,
respectively. Comparison of peak areas in the HPLC results (Fig.
3B) demonstrated that four anthocyanins in water are stable at all
temperature ranges, with increased concentrations.

Two studies were carried out for moist heating of fiuits,
vegetables, and berries in water. One used the aqueous extract of
lyophilized berry powder (murtilla and blueberry) (Arancibia-Avila
et al., 2012), and the other used several thinly sliced fruits and
vegetables in water (Leong and Oey, 2012). Their heating
experiments used 100 and 98°C, respectively, and reported that the
bioactive compounds were stable in the aqueous medium for 20
min or shorter. On the contrary, longer heating (40 and 60 min)
resulted in the loss of both bioactive compounds by approximately
20% or more (Arancibia-Avila et al., 2012). However, it is uncommon
in real cooking to heat food in water for 20 min or longer.
Therefore, it can be said that TPC and TAC are stable following
moist heating in regular cooking.

Our result was consistent with the aforementioned reports. Moist
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Fig. 5. Variations in ABTS and DPPH radical scavenging
activities by moist heating at 60, 80, and 100°C for 20 min. The
asterisks (*) indicate that the values are significantly different from
the initial value.

heating at high temperatures led to increase in bioactive compounds,
particularly anthocyanins (Fig. 4). A similar result was reported for
other fruits and vegetables (apricot, cherry, nectarine, peach, plum,
carrot, and pepper) (Leong and Oey, 2012). This increase could be
attributed to enzyme inactivation, change in fruit surface texture,
and more leaching of water-soluble compounds (e.g., polyphenols)
into the water (Leong and Oey, 2012). Hence, the change in
bioactive compound concentration by moist heating may be a
cumulative result of the balance between extractability increase
and thermal degradation (Leong and Oey, 2012). Therefore, this
study suggests that chokeberry fruits can be used as food additive
for moist heat cooking, such as the preparation of soups, steamed
rice, and teas, without significant loss of bioactive compounds.

In this study, moist heating at 60, 80, and 100°C did not reduce
the ABTS radical scavenging activities, but the DPPH radical
scavenging activities increased with increasing temperature (Fig.
5). A one-way ANOVA test showed that the ABTS radical
scavenging activities at 60, 80, and 100°C were statistically
different from that at 25°C. Similarly, Crista (2016) examined 50%
ethanolic extract of chokeberries for thermostability at different
temperatures (40, 60, and 80°C for 15 min, and 100°C for 2 min)
and found that thermal treatment at all temperatures tested did not
decrease ABTS radical scavenging activities, it rather increased it
at both 80 and 100°C, as observed in this study. Similar results
were also reported for citrus extract and certain herbs following
moist heating (Jeong et al., 2004) or steam sterilization (Kurzeja et
al., 2012). Therefore, these results suggest that typical moist-heat
cooking methods would not cause the loss of antioxidant activity
from bioactive compounds in chokeberries.

Conclusion

This study showed that bioactive components (total phenols and
anthocyanins) in aronia (black chokeberry) fruits are thermo-labile
during dry heat treatment. Anthocyanins are highly sensitive to
such treatment, suggesting that proper heating temperature and
duration should be chosen to minimize the loss of the components,

when this method is used for cooking. On the contrary, moist heat
treatment does not give rise to significant losses of bioactive
compounds, or rather increases the contents of the components and
their antioxidant activities at higher temperature. Therefore, if
proper heating method, temperature, and heating duration are
selected, aronia fruit can be used as a dietary supplement with
preserved active ingredients.
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