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ABSTRACT

This study aimed to test the antioxidant parameters of the flower and fruit ethanol extracts of 15 genotypes of Asimina triloba (L.) Dunal.
(AzTr-01 — AzTr-15) collected in the M.M. Gryshko National Botanical Garden (Kyiv, Ukraine). Antioxidant activity of the extracts of
the investigated genotypes was measured with free radical scavenging activity (FRSA) by the DPPH method and molybdenum reducing
power (MRP) expressed as mg TE (Trolox equivalent) per g of DW (dry weight). The total polyphenol content (TPC) was expressed as
mg GAE (gallic acid equivalent) per g of DW, total flavonoid content (TFC) was expressed as mg QE (quercetin equivalent) per g of DW,
and total phenolic acid content (TPAC) expressed as mg CAE (caffeic acid equivalent) per g of DW. It was determined that the flower
and fruit extracts of A. triloba demonstrated 5.45-77 and 2.33-7.21 mg TE/g of FRSA, respectively. Depending on a genotype, MRP of
the flower and fruit extracts was 85.13-114.65 and 98.19-261.33 mg TE/g, respectively. TPC of the flower extracts ranged from 40.63 to
55.47 mg GAE/g and fruit extracts from 22.59 to 38.13 mg GAE/g. The flower extracts demonstrated 22.54-36.18 mg QE/g of TFC and
9.31-16.24 mg CAE/g of TPAC. The fruit extracts exhibited 15.07-30.55 mg QE/g and 3.11-6.58 mg CAE/g. These results indicated that
various plant parts of A. triloba genotypes are appropriate for usage in food and pharmaceutical products as a raw material with a high

content of biologically active compounds.
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INTRODUCTION

Recently, numerous studies have highlighted the growing interest in the search for
new plant species, especially neglected, non-traditional, and underutilized plant
species that are an important source of biologically active compounds due to their
beneficial role (Klymenko et al., 2019a, b; Szot et al., 2020; Levon and
Klymenko, 2021; Zhurba et al., 2021; Mendelova et al., 2022; Norbova et al.,
2023). Asimina triloba (L.) Dunal (pawpaw, paw paw, paw-paw, common
pawpaw) native to eastern North America and Canada belongs to the family
Annonaceae Juss. (Layne, 1996; Brannan and Coyle, 2021; Tulowiecki, 2021).
Asimina triloba is extensively cultivated in 26 states, in addition, this species is
widely distributed in Asia, including in Korea, China, and Japan (Brannan et al.,
2015; Nam et al., 2017; Brannan and Coyle, 2021).

The fruits of Asimina triloba are a valuable source of vitamins (particularly
riboflavin and niacin) and mineral elements such as potassium, magnesium, iron,
copper, and manganese (Galli et al., 2007), as well as high polyphenolic content
(Kobayashi et al., 2008; Harris and Brannan, 2009; Brindza et al., 2019), and
essential amino acids, fatty acids (Wood and Peterson, 1999), annonacin (Tran
et al., 2021), and polysaccharides (Arifkhodzhaev et al., 1985) are studied by
many authors.

Extracts from different parts of the plant (roots, twigs, leaves, fruit, and seeds) have
potent anticancer properties due to the presence of acetogenins (Gu et al., 1999;
Brannan and Farag, 2009; Coothankandaswamy et al., 2010; Levine et al.,
2015; Avula et al., 2018; Nam et al., 2018). The pawpaw extracts can be natural
products that may be used for the prevention and treatment of gastric and cervical
cancers (Nam et al., 2021).

Bullatacin, asimicin, and trilobacin represent the most potent and major bioactive
acetogenins that are found in extract twigs from the paw paw tree (Hui et al., 1989;
Zhao et al., 1992).

Fruits of Asimina triloba are very fragrant and may be used in cosmetics and skin
products (Layne, 1996; Brannan et al., 2012).

Biologically active compounds in A. triloba are presented in many plant parts, such
as roots, bark, twigs, leaves, flowers, and seeds (Hui et al., 1989; Zhao et al., 1992,
1994; Alali et al., 1999; Goodrich et al., 2006; Cuendet et al., 2008; Farag,
2009; Pande and Akoh, 2010; Nam et al., 2021). Acetogenins, located in roots,

twigs, flowers, and seeds of A. triloba, and essential oil obtained from leaves (Alali
etal., 1999; Farag, 2009), are strong inhibitors of cancer cells (Ratnayake et al.,
1992; Woo et al., 1995; Ko et al., 2011; Sica et al., 2016). The extracts from fruit,
leaf, bark, and twig are used as insecticidal against insects (Rupprecht et al., 1986;
Ratnayake et al., 1992; Zhao et al., 1994; Gu et al., 1999).

The stem bark extracts of Asimina triloba (Annonaceae) have three further
acetogenins: asimin, asiminacin, and asiminecin, and potent antitumor and
pesticidal effects (Zhao et al., 1994). Three new biologically active annone
acetogenins were isolated from the ethanol extract of Asimina triloba seeds:
asimilobin, cis-murisolinone, and trans-murisolinone (Woo et al., 1995). Asimicin
was the first acetogenin isolated from the seeds and stem bark of Asimina triloba
(Rupprecht et al., 1986).

Considering the above review, it should be noted that the investigation of different
parts of plants for the presence of antioxidant agents is very important for the
development of new pharmaceutical and food products. In this regard, the study of
the antioxidant activity of non-traditional fruit plants is essential for searching for
new plant raw materials rich in phenolics, flavonoids, or phenolic acids.

This study aimed to evaluate antioxidant parameters of A. triloba flowers and
fruits, and to compare the less studied flowers of A. triloba genotypes in the context
of biologically active compounds.

MATERIAL AND METHODS
Biological material

The flowers (Figure 1) and fruits (Figure 2) of 15 genotypes of Asimina triloba
(AzTr-01 — AzTr-15) collected in the M.M. Gryshko National Botanical Garden
were the objects of these investigations. Flowers were collected during the period
of full flowering. The fruits were harvested at full ripeness.

The research was conducted in 2023 in the NBG, which is located on the right bank
of the Dnipro River in the southeastern part of Kyiv on the low Pechersky slopes
of the Kyiv Highlands (197 m above sea level) in the Zvirynets tract (50°27'N.;
30°31' E.). The climate is moderately continental, the winter is mild, the summer
is warm. The average monthly temperature in January is —3.8°C, in July +21.5°C.
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The average annual temperature is +7.7 °C. The average annual precipitation is
about 640 mm; fall throughout the year.

Figure 2 Fruits of Asimina triloba (L.) Dunal.
Chemicals

All the chemicals used were of analytical grade and were purchased from Sigma-
Aldrich (St. Louis, MO, USA) and CentralChem (Slovakia).

Preparation of the sample extracts

Each 0.25 g sample was extracted with 20 mL of 80% ethanol for 2 hours using a
GFL 3005 laboratory shaker (GFL, Burgwedel, Germany). Following extraction,
the samples were centrifuged at 4605 RCF for 10 minutes (Rotofix 32 A, Hettich,
Germany). The resulting supernatant was subsequently utilized to assess FRSA
(free radical scavenging activity) via the DPPH assay, MRP (antioxidant capacity)
using the phosphomolybdenum method, as well as to determine other antioxidant
parameters, including total polyphenol, flavonoid, and phenolic acid contents.

Free radical scavenging activity — DPPH method

The antiradical activity, or free radical scavenging activity (FRSA), of the samples
was determined according to the method of Sanchéz-Moreno et al. (1998) using
2,2-diphenyl-1-picrylhydrazyl (DPPH). For the assay, 0.4 mL of each sample was
mixed with 3.6 mL of a DPPH solution (prepared by dissolving 0.025 g DPPH in
100 mL ethanol). After incubation, the absorbance was measured at 515 nm using
a Jenway 6405 UV/Vis spectrophotometer (England). Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) was used as the calibration standard within
a concentration range of 10-100 mg/L (R? = 0.989). Antioxidant activity was
expressed in terms of Trolox equivalents per gram of dry matter (mg/g DM).

Molybdenum reducing power

The molybdenum reducing power (MRP) of the samples was assessed using the
method described by Prieto et al. (1999), with minor modifications. A mixture
containing 1 mL of the sample, 2.8 mL of 0.1 M monopotassium phosphate, 6 mL
of 1 M sulfuric acid, 0.4 mL of 0.1 M ammonium heptamolybdate, and 0.8 mL of
distilled water was incubated at 90 °C for 120 minutes, followed by cooling to
room temperature. Absorbance at 700 nm was measured using a Jenway 6405
UV/Vis spectrophotometer (England). Trolox (concentrations ranging from 10—
1000 mg/L; R? = 0.998) was used as the reference standard, and the results were
expressed as Trolox equivalents (mg/g DM).

Total polyphenol content

The total polyphenol content (TPC) was measured by the method of Singleton and
Rossi (1965) using the Folin-Ciocalteu reagent. A quantity of 0.1 mL of each
sample was mixed with 0.1 mL of the Folin-Ciocalteu reagent, 1 mL of 20% (w/v)
sodium carbonate, and 8.8 mL of distilled water. After 30 min in darkness, the
absorbance at 700 nm was measured with the spectrophotometer Jenway (6405
UV/Vis, England). Gallic acid (25-300 mg/L; R? = 0.998) was used as the
standard. The results were expressed in mg/g DW gallic acid equivalent.

Total flavonoid content

The total flavonoid content (TFC) was measured using a modified procedure based
on the method of Shafii et al. (2017). A 0.5 mL sample was combined with 0.1 mL
of a 10% (w/v) ethanolic aluminum chloride solution, 0.1 mL of 1 M potassium
acetate, and 4.3 mL of distilled water. The mixture was allowed to stand in the dark
for 30 minutes, after which the absorbance was recorded at 415 nm with a Jenway
6405 UV/Vis spectrophotometer (England). Quercetin, with concentrations

ranging from 1-400 mg/L (R? = 0.9977), was used as the standard. Results were
expressed as quercetin equivalents (mg/g DW).

Total phenolic acid content

The total phenolic acid content (TPAC) was quantified using the method described
by Arvay et al. (2017). A 0.5 mL aliquot of the sample was combined with 0.5 mL
of 0.5 M hydrochloric acid, 0.5 mL of Arnov's reagent, 0.5 mL of 1 M sodium
hydroxide, and 0.5 mL of water. After mixing, the absorbance was measured at
490 nm using a Jenway 6405 UV/Vis spectrophotometer (England). Caffeic acid,
with a concentration range of 1-200 mg/L (R? = 0.999), was used as the standard.
The results were expressed as caffeic acid equivalents (mg/g DW).

Statistical analysis

The results are presented as the mean values of three replicates + standard deviation
(SD). The data were analyzed using the ANOVA test, and mean differences were
assessed using the Tukey-Kramer test (p < 0.05).

RESULTS AND DISCUSSION

As far as we are aware, this is the first report that investigates the antioxidant
potential of Asimina triloba flowers and contrasts it with the activity observed in
its fruits.

Many authors studied flowers of various plant species as a part of the human diet
for their beneficial health effects (Takahashi et al., 2020; Janarny et al., 2021).
More than 180 species of flowers have been used worldwide as dietary
supplements in the form of tea, wine, food ingredients for cakes, smoothies, or
even vegetables (Lu et al., 2016).

The flowers are good sources of phenolic acids, flavanols, flavones, flavanones,
and anthocyanins (Zheng et al., 2019) as well as carotenoids, alkaloids, and
lignans (Lu et al., 2016). Research has indicated that the antioxidant activity of
certain edible flowers is either comparable to or exceeds that of some vegetables
and fruits, based on experimental findings (Cavaiuolo et al., 2013). Flower
extracts of some plant species have high antioxidant activity (Pires et al., 2018),
anti-inflammatory properties (Lee et al., 2018), anticancer properties (Solomon et
al., 2016), anti-diabetic properties (Nambirajan et al., 2018), anti-Alzheimer's
effect (Bekir et al., 2016), hepatoprotective effects (Singhal and Gupta, 2012),
cardioprotective (Ittagi et al., 2014), gastroprotective (Guedes et al., 2002),
antimicrobial activity (Najda et al., 2021).

DPPH is a fast, straightforward, and cost-effective technique for assessing the
antioxidant capacity of foods. It utilizes the free radical 2,2-Diphenyl-1-
picrylhydrazyl, commonly employed to evaluate the potential of compounds to
function as free radical scavengers or hydrogen donors, and to measure their
antioxidant activity (Shekhar and Anju, 2014).

TEAC (Trolox equivalent antioxidant capacity) by DPPH and
phosphomolybdenum method was used in this study to evaluate the antioxidant
potential of the investigated plant extracts.

We determined that the mean antioxidant activity of the ethanol extracts of the
flower and fruits of Asimina triloba measured in the DPPH method was 6.59 and
4.96 mg TE/g DW (Figure 3). This parameter for flowers and fruits varieties was
from 5.45 (AzTr-11) to 7.77 (AzTr-09) mg TE/g DW and from 2.33 (AzTr-07) to
7.21 (AzTr-06) mg TE/g DW, respectively.

The ethanol extracts of Asimina triloba flowers exhibited molybdenum reducing
power of extracts from 85.13 (AzTr-04) to 114.65 (AzTr-09) mg TE/g DW, fruits
from 98.19 (AzTr-04) to 261.33 (AzTr-06) mg TE/g DW (Figure 4).

Comparison of the antioxidant activity values of fruits A. triloba with other species
by the DPPH method showed some similarities or differences.

Hor¢inova Sedlackova et al. (2022) demonstrated in the berries of M. aquifolium
the antioxidant activity determined by the Trolox method in the methanolic extracts
(76.2 mg TE.g™* DW), in the ethanolic extracts (54.3 mg TE.g™* DW), in acetone
extracts (63.4 mg TE.g* DW) and aqueous extracts (35.5 mg TE.g™ DW). The
results for antioxidant activity (uMol Trolox/g) of Cornus mas berries determined
by the DPPH method varied from 5.94 to 16.56, ABTS method varied from 13.560
to 33.96, FRAP method varied from 8.45 to 22.49 (Klymenko et al., 2019b).
Polyphenols, as key phytochemicals found in different plant parts, are extensively
studied for their use in both traditional and modern medicine. They play a
significant role in the development of new medicinal products and are recognized
for their wide range of health benefits (Yang et al., 2000; Bose et al., 2008; Visioli
et al., 2011; Khurana et al., 2013; Mrduljas et al., 2017; Garcia-Conesa and
Larossa, 2020). Moreover, these compounds exhibit low toxicity to the human
body and are essential for maintaining the oxidative stability of foods. Their
inclusion in food and pharmaceutical products has significantly enhanced their
quality (Rasouli et al., 2017).

The total content of polyphenol compounds in our study was for Asimina triloba
flowers of 40.63 (AzTr-04) to 55.47 (AzTr-06) mg GAE/g DW, for fruits from
22.59 (AzTr-04) to 38.13 (AzTr-06) mg GAE /g DW (Figure 5).
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Figure 3 Free radical scavenging activity of Asimina triloba (L.) Dunal. flowers and fruits evaluated by the DPPH method (different superscripts in each column
indicate the significant differences in the mean at p < 0.05); TEAC — Trolox equivalent antioxidant capacity
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Figure 4 Molybdenum reducing power of Asimina triloba (L.) Dunal. flowers and fruit extracts (different superscripts in each column indicate the significant
differences in the mean at p < 0.05); TEAC — Trolox equivalent antioxidant capacity
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Figure 5 Total polyphenol content in Asimina triloba (L.) Dunal. flowers and fruits (different superscripts in each column indicate the significant differences in the
mean at p < 0.05); GAE — gallic acid equivalent
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Regarding the total phenolic content in Crataegus oxyacantha, the values for
flowers varied between 2364.1 and 3179.6 mg GAE/100 g DW, while for fruits,
they ranged from 1912.1 to 4339.0 mg GAE/100 g DW (Issaadi et al., 2020).
Edwards et al. (2012) reported the total phenols quantified in the flowers of
different Crataegus species: in C. azarolus values ranged from 46 to 1014 mg/100
g DW. As regards TFC, the average content in flowers was almost two-fold higher
than in fruits (660.7 and 367.1 mg QE/100 g DW, respectively) (Issaadi et al.,
2020).

Flavonoids are a group of bioactive compounds that are extensively found in
foodstuffs of plant origin (Prasad et al., 2009). Flavonoids are classified into
subgroups based on their chemical structure: flavanones, flavones, flavonols,
flavan-3-ols, anthocyanins, and isoflavones. The growing body of scientific
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Figure 6 Total flavonoid content in Asimina triloba (L.) Dunal. flowers and fruit
at p <0.05); QE —

The mean concentrations of flavonoids and phenolics in these five cultivars were
1.59 and 7.86 mg/g DW, respectively (Zhou et al., 2011).

The average daily intake of flavonoids for Greek and Spanish participants is 93 mg
and 126.1 mg per person, respectively (Dilis and Trichopoulou, 2010; Zamora-
Ros et al., 2010). In Western Europe, the daily flavonoid intake per person
generally falls within the range of 100 to 1000 mg (Majewska and Czeczot, 2009;
Wilczynska and Retel, 2011). In Far Eastern countries like Japan, individuals may
consume as much as 2 g of flavonoids daily due to a high intake of legumes, soy,
and tea (Wang et al., 2009).

Phenolic acids, as secondary metabolites, are widely distributed across the plant
kingdom. These compounds contribute to the distinct taste, flavor, and health
benefits of fruits and vegetables (Tomas-Barberan and Espin, 2001), enhancing
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evidence indicates that flavonoids play a beneficial role in the prevention of many
diseases, thus a diet rich in flavonoids has beneficial effects on human health
(Majewska and Czeczot, 2009; Shabrova et al., 2011; Hui et al., 2013;
Kozlowska and Szostak-Wegierek, 2014; Ballard and Maréstica Junior, 2019;
Mondal and Rahaman, 2020).

The total content of flavonoids in the investigated ethanolic flower extracts of
Asimina triloba was from 22.54 (AzTr-07) to 36.18 (AzTr-06) mg QE/g DW, for
fruits from 15.07 (AzTr-04) to 30.55 (AzTr-06) mg QE/g DW (Figure 6).
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their overall quality for consumers. In recent years, there has been growing
recognition of the antioxidant properties of phenolic compounds and their potential
application as natural antioxidants in processed foods. Numerous studies in
agriculture, biology, chemistry, and medicine have demonstrated the roles and
effects of phenolic acids on human health (Cotelle, 2001; Hwang et al., 2006;
Madlener et al., 2007; Ghasemzadeh and Ghasemzadeh, 2011; Godos et al.,
2021).

The determination of the total phenolic acid content showed that in fruit extracts
of Asimina triloba genotypes, they accumulated from 9.31 (AzTr-07) to 16.24
(AzTr-06) mg CAE/g DW, in flowers from 3.11 (AzTr-03) to 6.58 (AzTr-06) mg
CAE/g DW (Figure 7).
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Figure 7 The total phenolic acid content in Asimina triloba (L.) Dunal. flowers and fruits (different superscripts in each column indicate the significant differences in
the mean at p < 0.05); CAE — caffeic acid equivalent

We can compare our results with previous studies of A. triloba fruits. The TPC
ranged from 22.13 to 37.36 mg GAE/g, TFC ranged from 15.10 to 32.03 mg QE/g,
and phenolic acids content ranged from 0.23 to 0.76 mg CAE/g. All the tested

samples exhibited DPPH radical scavenging activities with values from 2.84 to
7.04 mg TE/g. Antioxidant activity by the molybdenum-reducing antioxidant
power method ranged from 97.25 to 275.41 mg TE/g of DW (Brindza et al., 2019).
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In their study, Kobayashi et al. (2008) measured the phenolic compound levels in
A. triloba fruits at different ripening stages. The highest concentration was found
in the puree of unripe fruits (123.06 mg GAE/100g FW), and the lowest in the
puree of ripe fruits (98.42 mg GAE/100g FW).

Research on the phenolic profile is also valuable in lesser-known and underutilized
species, which are significant for their potential in preventing various diseases.
Klymenko et al. (2019b) determined antioxidant activity in Chaenomeles japonica
fruits by using DPPH method in the interval 10.08 to 21.42 uMol Trolox/g , those
obtained by ABTS method varied from 31.13 to 70.87 uMol Trolox/g, and those
obtained by the FRAP method varied from 14.97 to 42.51 uMol Trolox/g. The
results for total phenolic content varied from 162.46 to 408.09 mg GAE/100 g. The
results for the total phenolic content of Cornus mas fruits by the same method
varied from 91.34 to 289.79 mg GAE/100g (Klymenko et al., 2019a). Hor¢inova

Sedlackova et al. (2021) demonstrated in the fruits of Chaenomeles speciosa
various contents of total polyphenols profile in methanolic extract (13 214.2 mg
GAE/100g DW), ethanolic extract (782.8 mg/100g DW), acetone extract (685.8
mg GAE/100g DW), and in aqueous extract (591.6 mg GAE/100g DW). Fruits
contained a high amount of flavonoids 480-11 680 mg GAE/100g DW, in aqueous
and methanolic extracts, respectively.

There can be considerable variation in bioactive constituents and antioxidant
activities among species, varieties, cultivars, and depending on the agro-ecological
conditions in which they are grown (Zhou et al., 2011; Mlynarczyk, 2020;
Issaadi et al., 2020).

The results of bivariate correlation analysis for Pearson correlation coefficients are
presented in Table 1.

Table 1 Results of bivariate correlation analysis for Pearson correlation coefficients

Polyphenols Phenolic acids Flavonoids DPPH MRP
Content
Flowers
Polyphenols 1
Phenolic acids 0.646* 1
Flavonoids 0.516* 0.756* 1
DPPH 0.933** 0.804** 0.803** 1
MRP 0.847** 0.910** 0.922** 0.888** 1
Fruits
Polyphenols 1
Phenolic acids 0.662* 1
Flavonoids 0.571* 0.733* 1
DPPH 0.918** 0.810** 0.842** 1
MRP 0.950** 0.942** 0.837** 0.861** 1

Legend: *Correlation significance at 0.05 level. **Correlation significance at 0.001 level.

The lowest correlation values between polyphenols and flavonoids were found in
flowers and fruits (r = 0.516, r = 0.571, respectively) as well as between
polyphenols and phenolic acids (r = 0.646, r = 0.662, respectively), but still, it can
be considered moderate.

The highest value was obtained for the correlation between polyphenols and DPPH
AOA (r = 0.966 in flowers) as well as between polyphenols and MRP AOA (r =
0.950 in fruits).

A strong correlation was observed between the DPPH and MRP antioxidant
activities (r = 0.888 and r = 0.861, respectively, with significance at the 1% level),
which is expected as both methods assess the same property, albeit using different
approaches.

Furthermore, significant correlations were found between phenolic acids,
flavonoids, and both AOA measurements, clearly indicating that phenolic
compounds play a major role in the antioxidant activity of the analyzed flowers.
These findings indicate that the phenolic compounds in pawpaw flowers and fruits
significantly influence their antioxidant capacity, as has been observed in other
fruit and vegetable species (Kobayashi et al., 2008; Klymenko et al., 2019b;
Brindza et al., 2019).

CONCLUSION

This study demonstrated the high antioxidant potential of raw plant material,
namely flowers and fruits, of fifteen A. triloba genotypes. The values of antioxidant
activity depended on the investigated plant extracts and genotypes of A. triloba.
The highest values of total polyphenol, flavonoid, and phenolic acid content, and
antioxidant activities were determined in all the flower ethanolic extracts, except
the flower extract AzTr-08 which demonstrated a slightly lower average value of
FRSA compared with fruit extract. Our results suggest that strong antioxidant
activity was correlated with total polyphenol, phenolic acid, and flavonoid content
by both the DPPH method (r = 0.803-0.933) and molybdenum-reducing power of
extracts (r = 0.837-0.950). A strong correlation was found also between FRSA and
MRP of flower and fruit extracts (r = 0.888 and r= 0.861). Therefore, A. triloba
genotypes can be regarded to be valuable sources of the plant raw material with a
high content of antioxidants of a polyphenol nature. The data obtained can be
useful for further investigations and the development of new functional food
products.
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