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Abstract: Biflavonoids are dimeric forms of flavonoids that have recently gained importance as an
effective new scaffold for drug discovery. In particular, 3'-8"-biflavones exhibit antiviral and antimi-
crobial activity and are promising molecules for the treatment of neurodegenerative and metabolic
diseases as well as cancer therapies. In the present study, we directly compared 3'-8"-biflavones
(amentoflavone, bilobetin, ginkgetin, isoginkgetin, and sciadopitysin) and their monomeric subunits
(apigenin, genkwanin, and acacetin) and evaluated their radical scavenging activity (with DPPH), anti-
fungal activity against mycotoxigenic fungi (Alternaria alternata, Aspergillus flavus, Aspergillus ochraceus,
Fusarium graminearum, and Fusarium verticillioides), and inhibitory activity on enzymes (acetyl-
cholinesterase, tyrosinase, c-amylase, and a-glucosidase). All the tested compounds showed weak
radical scavenging activity, while antifungal activity strongly depended on the tested concentra-
tion and fungal species. Biflavonoids, especially ginkgetin and isoginkgetin, proved to be potent
acetylcholinesterase inhibitors, whereas monomeric flavonoids showed higher tyrosinase inhibitory
activity than the tested 3'-8"-biflavones. Amentoflavone proved to be a potent a-amylase and «-
glucosidase inhibitor, and in general, 3'-8”-biflavones showed a stronger inhibitory potential on these
enzymes than their monomeric subunits. Thus, we can conclude that 3'-8"-dimerization enhanced
acetylcholinesterase, x-amylase, and «-glucosidase activities, but the activity also depends on the
number of hydroxyl and methoxy groups in the structure of the compound.

Keywords: 3'-8"-biflavones; amentoflavone; bilobetin; ginkgetin; isoginkgetin; sciadopitysin; apigenin;
genkwanin; acacetin

1. Introduction

Flavonoids have been the focus of scientific attention for more than 40 years and
8000 different structures have been described to date [1]. However, they are a large group
of specialized metabolites whose biological function in plants and biological activity are
strongly influenced by molecular structure [2]. The basic structure of flavonoids is presented
in Figure la. In general, flavonoids occur as aglycons or in conjugated form. Aglycons
are often hydroxylated at the C3, C5, C7, C3’, C4/, and C5’ positions, while some of these
hydroxyl groups may also be methylated, acetylated, or sulfated [3]. Prenylation occurs
directly on a carbon atom in the aromatic rings, but O-prenylation has also been found [3].
The hydroxylation of C5, C7, C3/, and C4’ and geranylation or prenylation at C6 have been
extensively studied to increase the bacterial inhibition of flavonoids, while methoxylation
at C3’ and C5 decreases the antibacterial activity of flavonoids [4]. According to a study by
Zhang et al. [5], the 2,3-double bond, 4-keto groups, 3,4’-catechol structure, and 3-hydroxyl
in the flavonoid scaffold play an important role in the antioxidant behavior, while the
cell proliferation assay showed low cytotoxicity for 3-O-methylquercetin. According to
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Boozari et al. [6], the prenyl group in the C8 position plays an important role in biological
effects such as antimicrobial, cytotoxic, enzyme inhibitory, and estrogenic activity. The
resveratrol residue (A or B ring) in combination with lavandulyl flavanones in the structure
of flavonoids may enhance their cytotoxic effect, while the presence of prenyl groups in
any position of the flavonoid backbone may enhance its anti-inflammatory effect [6]. The
same group of authors reported that prenylated compounds with flavanone structure and
hydroxyl substitution in C3 decreased antibacterial activity but had no effect on cytotoxic
activity, while C8 prenylation can increase potent enzyme inhibitory activity, and this
effect and C5'-prenylated chalcones with C6’-OH substitution have significant cytotoxic
activity. Flavonoids can occur in free form, but in plants, they more commonly occur
in conjugated form as flavonoid glycosides, which are conjugated by a bond between
flavonoid aglycones and glycosyl groups. The glycosidic bond is located at position
C3 or C7, and the carbohydrates are usually L-thamnose, D-glucose, glucose-rhamnose,
galactose, or arabinose [3]. The glycosylation of flavonoids can alter the biological activity
of flavonoids, increase water solubility, reduce toxic effects and side effects, and improve
specific targeting [7].

Figure 1. The basic structure of (a) flavonoids and (b) 3'-8"-biflavones.

Flavonoids can also occur in a dimeric form consisting of two monoflavonoid residues.
The basic structure of the 3'-8" dimer is presented in Figure 1b. To date, nearly 600 different
biflavonoids have been described [8], but little is known about their biosynthesis and
precise roles in plants. On the other hand, there is increasing evidence that flavonoid
dimers are an effective new scaffold for drug discovery [8-13]. They have shown great
potential as antimicrobial agents against viruses [14,15] and fungi [16], as well as in the
treatment of neurodegenerative diseases [17] and cancers [18]. The precise mechanisms
through which dimerization affects biological activity and whether this effect exists are
not well understood. In this work, we aimed to investigate how the 3’-8”-dimerization
affects the biological activity of flavonoids. To this end, we studied their scavenging
activity (with DPPH), antifungal activity against mycotoxigenic fungi (A. alternata, A. flavus,
A. ochraceus, F. graminearum, and F. verticillioides) (Figure 2), and inhibitory activity on
enzymes (acetylcholinesterase, tyrosinase, c-amylase, and a-glucosidase) of five 3'-8"-
biflavones (amentoflavone, bilobetin, ginkgetin, and isoginkgetin) and their monomeric
subunits (apigenin, genkwanin, and acacetin).
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Figure 2. Photographs of the tested fungi without treatments: (a) A. alternata; (b) A. flavus;
(c) A. ochraceus; (d) F. graminearum; (e) F. verticillioides.

2. Materials and Methods
2.1. Reagents and Standards

Amentoflavone (1) (CAS 1617-53-4), 4-nitrophenyl o-D-glucopyranoside (CAS 3767-28-0),
Tris base (CAS 77-86-1), acetylcholinesterase from Electrophorus electricus (CAS 9000-81-1),
5,5'-dithiobis(2-nitrobenzoic acid) (CAS 69-78-3), 3,4-dihydroxy-L-phenylalanine (CAS
59-92-7), a-amylase from porcine pancreas (CAS 9000-90-2), 2,2-diphenyl-1-picrylhydrazyl
(CAS 1896-66-4), 3,5-dinitrosalicylic acid (CAS 609-99-4), potassium sodium tartrate tetrahy-
drate (CAS 6381-59-5), starch (CAS 9005-84-9), tyrosinase from mushroom (CAS 9002-
10-2), a-glucosidase from Saccharomyces cerevisiae (CAS 9001-42-7), 4-nitrophenyl o-D-
glucopyranoside (CAS 3767-28-0), and RPMI-1640 medium were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Bilobetin (2) (CAS 521-32-4), isoginkgetin (3) (CAS 548-19-6),
ginkgetin (4) (CAS 481-46-9), sciadopitysin (5) (CAS 521-34-6), genkwanin (7) (CAS 437-64-9),
and acacetin (8) (CAS 480-44-4) were obtained from PhytoLab (Vestenbergsgreuth, Ger-
many). Sodium phosphate, monobasic monohydrate (CAS 10049-21-5), Sodium phosphate,
dibasic heptahydrate (CAS 7782-85-6), and dimethyl sulfoxide (CAS 67-68-5) were pur-
chased from Thermo Fisher Scientific (Waltham, MA, USA). Apigenin (6) (CAS 520-36-5)
was purchased from Alfa Aesar (Ward Hill, MA, USA) and S-acetylthiocholine iodide (CAS
1866-15-5) was purchased from Biosynth (Bratislava, Slovakia). Methanol (CAS 67-56-1)
was obtained from Kemika (Zagreb, Croatia) and sodium hydroxide (CAS 1310-73-2) was
obtained from T.T.T. (Sveta Nedjelja, Croatia).

2.2. DPPH Scavenging Activity

DPPH scavenging activity was determined according to the method of Brand-Williams
etal. [19]. In the DPPH assay, 20 pL of each standard (1 mg/mL) was mixed with 980 uL of
0.094 mM methanolic DPPH solution. After 1 h, absorbance at 515 nm was measured, and
the results are presented as a percentage of DPPH radical inhibition.

2.3. Antifungal Activity

The antifungal activity of the tested standards was investigated according to the
method described in [20]. Fungi that were used in this experiment are major producers
of mycotoxins and food contaminants—Alternaria alternata (WT), Aspergillus flavus (NRRL
3251), Aspergillus ochraceus (CBS 589.68), Fusarium graminearum (CBS 110.250), and Fusarium
verticillioides (CBS 119.825) (Figure 2). The compounds were tested at concentrations of 0.01,
0.1,1, and 10 pg/mL, and the results are expressed as a percentage of fungal growth.
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2.4. Enzyme Inhibition Activity

The acetylcholinesterase inhibition assay was performed using the reaction-based
assay of Ellman [21] with modifications [22]. An enzyme solution (25 uL, 0.25 U/mL),
Ellman’s reagent (125 uL, 3 mM), and 50 pL of the tested compounds (100 pM) were mixed
and preincubated for 15 min at room temperature. Then, 25 pL of S-acetylthiocholine
iodide (15 mM) was added and incubated for 15 min at room temperature. The absorbance
was measured at 405 nm using a plate reader. The blank sample was prepared in the same
way with Tris-HCI buffer (50 mM, pH 8, 25 °C). The results are expressed as a percentage
of inhibition.

The tyrosinase inhibition assay was performed according to Jakimiuk et al. [22], with
slight modifications. The compounds (80 uL, 100 uM) were preincubated with 40 uL of
a tyrosinase solution (250 U/mL) at room temperature for 10 min. Then, 80 uL of 34-
dihydroxy-L-phenylalanine (3 mM) was added and incubated at room temperature for
10 min. The absorbance was measured at 492 nm in the plate reader. The blank was
prepared using a PBS buffer (100 mM, pH 6.8, 25 °C). The results are expressed as a
percentage of enzyme inhibition.

The a-amylase inhibition assay was performed according to Etsassala et al. [23], with
slight modifications. In a microplate, 20 uL of each flavonoid (100 uM), 50 uL of the PBS
buffer (100 mM, pH 6.8, 25 °C), and 10 pL of alpha-amylase (2 U/mL) were mixed and
incubated at 37 °C for 20 min. Then, 10 pL of a 1% starch solution was added and incubated
for the next 30 min. DNS reagent (100 nL) was added and boiled at 80 °C for 20 min. The
absorbance was measured at 450 nm in the plate reader. The blank was prepared with
PBS buffer (100 mM, pH 6.8, 25 °C). The results are expressed as a percentage of enzyme
inhibition.

The «-glucosidase inhibition assay was performed according to Tiwari et al. [24], with
slight modifications. Flavonoid solutions (100 pL, 100 uM) were incubated with 50 pL
of a-glucosidase (1 U/mL) for 10 min at 37 °C. Then, 50 uL of 5 mM 4-nitrophenyl o-D-
glucopyranoside was added. After 5 min, absorbance was measured at 405 nm in the plate
reader. The blank was prepared with the PBS buffer (100 mM, pH 6.8, 25 °C). The results
are expressed as a percentage of enzyme inhibition.

2.5. Statistical Analysis

All analyses were performed in at least triplicate, and the results are expressed as
mean =+ standard deviation (SD). All statistical analyses were performed using PAST soft-
ware (version 4.13) [25]. One-way ANOVA and post hoc multiple mean comparisons
(Tukey’s HSD test) were performed, and differences between measurements were consid-
ered significant at p < 0.05.

3. Results
3.1. Chemical Formula of Investigated Standards

Here, we studied five 3/-8”-biflavones (amentoflavone, bilobetin, ginkgetin, isoginkgetin,
and sciadopitysin) and their monomeric subunits (apigenin, genkwanin, and acacetin), and
their structures are shown in Figure 3. The number and position of methoxy and hydroxyl
groups in their structures are summarized in Table 1.

As shown in Figure 3 and Table 1, all the dimers studied are dimers of the 3-8 type.
Amentoflavone is a dimer of apigenin. The monomeric units of bilobetin are acacetin
and apigenin, while isoginkgetin is an acacetin dimer. Ginkgetin consists of apigenin
4',7-dimethyl ether and apigenin, whereas the monomeric subunits of sciadopitysin consist
of apigenin 4/,7-dimethyl ether and acacetin. Unfortunately, apigenin 4’,7-dimethyl ether
was not commercially available for inclusion in this study at the time the experiments
were performed.
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Figure 3. Chemical structure of investigated compounds.

Table 1. Summarized information about the number and position of hydroxy and methoxy groups of

investigated compounds.

Hydroxy Methoxy Dimer

Number Position Number Position Yes
Amentoflavone 6 4’, 4" 55" 7 7" 0 0 Yes
Bilobetin 5 4' 55" 7 7" 1 4m Yes
Ginkgetin 4 4" 5, 5" 7" 2 4’7 Yes
Isoginkgetin 4 55",77" 2 4, 4" Yes
Sciadopitysin 3 5,7 3 4’ 4 g Yes
Apigenin 3 4',5,7 0 No
Genkwanin 2 5,4/ 1 7 No
Acacetin 2 5,7 1 4/ No

3.2. Antioxidant Activity

We measured antioxidant activity using the commonly used DPPH method, and the

results are presented in Table 2.

Overall, all tested compounds showed very weak or no radical scavenging capacity,
with no significant differences between them. The flavonoid quercetin, for example, showed

100% inhibition at the same conce

3.3. Antifungal Activity

ntration.

In our experiment, we compared the antifungal activity against five fungi (Figure 2) at
different concentrations and recorded the results at two wavelengths (Table 3).
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Table 2. Radical scavenging activity of compounds at concentration 1 mg/mL.

DPPH Radical Scavenging
(% Inhibition)

Amentoflavone 4.60 +£2.002
Bilobetin 456 +0972
Ginkgetin 262+1417%

Isoginkgetin 299 +1.552
Sciadopitysin 2.02+00%
Apigenin 3.18+£1.282
Acacetin 193 +£1.272
Genkwanin 3.01+0.612

Parameters sharing the same letter do not differ significantly at p > 0.05.

Table 3. Growth percentages of tested fungi grown under different flavonoid concentrations.

A. alternata

Abs 0.01 pg/mL 0.1 pg/mL 1 ug/mL 10 pg/mL
R q 405 9639 +26.85 9233 +37.88  83.00 £ 2398 104.85+ 10.71
mentoflavone = T o 05 2728 93.65 £ 4491 8219 £ 28.09  70.11 £ 10.10
b 405 7953 + 655 10326+ 33.66 67.67 +17.69 115.77 + 21.30
Bilobetin 450 8021+ 6.82 10676 + 3696 67.66 +21.07  91.20 + 23.80
_ _ 405 10749 + 3125 88.63+945  69.78 + 657  98.68 + 7.38
Ginkgetin
450 11331 +39.85 87924965  68.07 +1056  64.18 + 13.33
_ _ 405  102.03 + 10.01 10396 + 2438 9110 + 1317  96.92 + 20.86
Isoginkgetin
450 10696 + 13.15 10430 & 2593 93.04 + 1655  89.97 + 40.77
o 405 9727 +19.89 9251+ 1949 8652 +21.03  85.64 + 27.76
Sciadopitysin
450  101.64 +20.87 934542260 87.92+2346 7421 + 30.19
Asiveni 405 10696 + 13.80 107.82 +30.62 10576 + 19.05  85.14 + 21.09
12enin
Pi§ 450 10696 + 13.80 107.82 +30.62 105.76 + 19.05 85.14 + 21.09
405 13342 + 1595 98.88 +29.52  103.35 +20.77 100.95 + 24.86
Genkwanin
450 13342 + 1595 98.88+2952 103.35 +20.77 100.95 + 24.86
A. flavus
q 405 9577 + 1478 8090+ 2143 10151 +20.18 87.77 +573
Amentoflavone "0 0 T 1030 79.87 £ 2130 100.00 £ 2084 66.29 £ 5.07
b 405 8373 +2345 77.05+18.09 80.81 + 1521  85.70 + 11.09
Bilobetin 450 8437 +2404 7596+ 1867 7811+1215  70.10 + 12.13
, , 405 12349 + 1601 8570 + 2601  67.36 + 18.63  86.64 + 13.77
Ginkgetin
450 12697 + 1337 8720+ 2662 6453 + 1892  68.83 + 16.35
_ _ 405  87.86+ 1400 10047 + 1407 8579 + 2379  83.16 + 10.27
Isoginkgetin
450  86.61 + 1626 100.88+ 1210 86.22 + 2490  70.69 + 12.55
S 405 8373 +2345 77.05+18.09 80.81 +1521  85.70 + 11.09
Sciadopitysin
450 10137 + 1536 7059 + 1414  76.06 + 1801  64.92 + 6.07
Aoiven 405 12277+ 0.68 9832+ 2887 59.98 + 12.89  116.06 + 28.23
12enin
Pig 450 12793+ 675 101.69 + 3222 57.88 +14.82 109.10 + 26.78
405 9281+ 1275 10839+ 2725 11542 + 2645 13451 + 28.13
Genkwanin
450 9215+ 1470 109.98 + 2823 11597 +27.17 132.96 + 36.58
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Table 3. Cont.
A. ochraceus
q 405 9039 +2420 7137 +1429 7017 +11.90 111.01 +9.84
Amentoflavone /T T 16 73.99 £ 12.64  69.64 £ 1319 74.65 & 2.88
Bilobeti 405 8218 +495 6757 +1880 8519+ 1211 131.63 + 19.62
tlobetin 450 8096 + 405 6877 +1937 8749+ 12.65 111.86 + 24.49
_ _ 405 9620 + 43.63 8078 +22.13  80.38 £2530  117.02 + 9.4
Ginkgetin
450 10250 + 4550 8292 + 19.64  81.39 + 2317 7943 + 14.64
_ _ 405 7538 +10.93 8278+ 1820 8398 +958  101.40 + 14.93
Isoginkgetin
450 8074 +10.97  84.66 + 1828 8640 + 845 9032 + 18.62
o 405 8458 +1927 7598+ 1035 7598 + 12.08 101.40 + 13.16
Sciadopitysin
450 8487 +19.79  7443+977 7813 +1420  86.62 + 15.69
Aoiveni 405 7598 + 3047  67.60 + 1856  66.20 + 1416  54.26 + 8.16
1g2enin
Pi& 450 7824 +3173  65.65+ 1683 6731+ 1424  61.39 + 24.44
Cwani 405 7738 +2674 5956+ 2628 6934+ 1573 11651 + 21.53
Genkwanin 450 7806 +27.16 5880+ 2589  67.31 + 1462  83.06 4+ 9.30
E graminearum
N . 405 6799 +20.62 6889+ 1925 4701 +7.74  83.00 + 15.23
mentoflavone T T S 0 £ 2207 63.86 £ 2956 3872+ 1099 6155+ 18.03
Bilobeti 405 5822+ 652 7670+ 1594 6449 +2076 9091 + 27.33
tlobetin 450 5516 + 10.09 71.18 + 18.64 6219 + 2321  76.45 + 28.66
] _ 405 5499 + 18.02 6359+ 12.16  57.59 +20.08  89.51 + 21.64
Ginkgetin
450 4471+ 2354 5371+ 1645 5551 +2552  67.97 + 28.65
, , 405 4848 +7.01 6939+ 1040 6129+ 1061  65.89 + 14.61
Isoginkgetin
450 3598 + 1250 5525+ 1899 5885+ 1244  57.43 + 19.33
S 405 5262+ 864 723042012  55.82+4.01 8020 + 2592
Sciadopitysin
450 5328 + 1554 6823+ 2274 5379 + 848  69.00 + 34.25
Asiceni 405 8136 +2243  79.16+27.67 8351 +2600  92.09 + 10.01
1genin
Pi& 450 7858 + 3750 8323 +43.84 7405+ 2650  62.75 + 12.56
405  7792+2272 7443+ 1808 8451 +19.32 114.73 + 31.86
Genkwanin
450 7070 +21.95 67.87 + 2652  83.05+ 2845 105.83 + 29.53
E. verticillioides
N . 405 10484 +545 953941955 10231 +571  82.67 + 6.20
mentoflavone T 0003 £ 777 10016 £ 23.97 10459 £ 574 78.16 + 8.8
e 405 10338 + 12.66 101.63+9.10 111.53 + 1348  70.16 + 4.84
Bilobetin 450 10590 + 1352 10553 £9.75 112.96 + 1525  66.31 + 6.04
] , 405 10326 + 11.04 113.67 +1959 12312+ 1576  80.08 + 6.72
Ginkgetin
450 10928 + 12.94 12090 +23.15 12952 + 17.86  76.10 + 7.43
, , 405 11097 + 1260 10191 +7.77 117.78 + 658  84.36 + 8.42
Isoginkgetin
450 11571 + 1608 10653 +11.35 12221 +7.83  83.04 + 7.26
o 405  107.88 + 2054 97.02+527 10253 + 1836  71.70 + 8.89
Sciadopitysin
450 11434 + 2468 10053 + 6.77 107.40 +20.60  71.35 + 10.72
Asiven 405 12294+ 11.65 10253 +8.07 121.55+ 1624  88.68 + 9.07
1g2enin
Pig 450  132.06 + 11.84 10653 +9.13 12844 +19.07 93.27 + 10.02
405 9807 +25.09 107.89 +19.90 10542 +558 10548 + 3.18
Genkwanin
450 11435+ 2459 113.63+21.19 10834+6.71 10372 +7.75

As can be seen from the table, the antifungal activity depends on both the fungi
used and the tested concentration. At the lowest concentration, 0.01 ng/mL, all the tested
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compounds showed significant inhibition only against F. graminearum, and the biflavonoids
showed higher inhibition than the tested monomers. In the case of F. verticillioides, all
biflavonoids and apigenin showed inhibition only at a concentration of 10 ug/mL, whereas
at lower concentrations, they showed no inhibition or even slightly growth-promoting
effects. In contrast, the antifungal activity against A. ochraceus was higher for all biflavonoids
and genkwanin at lower concentrations and decreased with the increase in concentration.
All biflavonoids showed antifungal activity against A. flavus, and the activity increased
with concentration for most biflavonoids. Apigenin showed antifungal activity against
A. flavus only at a concentration of 1 pg/mL, while genkwanin showed dose-dependent
stimulatory effects on this fungus. In the case of A. alternata, antifungal activity was
strongly concentration-dependent, but in general, biflavonoids showed weak activities,
while apigenin and genkwanin showed no antifungal activity.

3.4. Enzyme Inhibition Activity

Enzyme inhibition activities of the compounds at 100 uM are shown in Figure 4. We
measured inhibitory activities against four enzymes—acetylcholinesterase, tyrosinase, «-
amylase, and «-glucosidase. Ginkgetin (26.24 £ 1.71%) and isoginkgetin (25.37 £ 0.66%)
inhibited acetylcholinesterase significantly more than the other compounds tested. Tyrosi-
nase inhibition activity was higher for the monomeric flavonoids acacetin (16.68 & 0.67%),
apigenin (15.85 & 0.34%), and genkwanin (13.12 &£ 1.65%) than for the dimeric flavonoids.
Ginkgetin showed no inhibition against tyrosinase. The inhibition against x-amylase was
highest with amentoflavone (56.26 £+ 1.32%), followed by isoginkgetin (42.00 £ 3.68%)
and bilobetin (32.76 £+ 1.72%). Amentoflavone showed complete inhibition against o-
glucosidase (98.17 & 0.56%), and the other biflavonoids tested, ginkgetin (85.36 & 1.06%),
isoginkgetin (78.42 & 4.15%), sciadopitysin (60.16 £ 2.90%), and bilobetin (49.36 & 3.10%),
also showed high inhibition compared with the monomeric flavonoids.

a30 b 20
— a  a a
£ . 18 ab
g @16 ab
2 & b
3 z 14
‘2 20 S
F En
[ = C
215 | b b bc 2 10
§ bc z 8
810 cd 5
8 d 2 6 <
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Figure 4. Enzyme inhibition activity of (1) amentoflavone, (2) bilobetin, (3) ginkgetin, (4) isoginkgetin,
(5) sciadopitysin, (6) apigenin, (7) genkwanin, and (8) acacetin against (a) acetylcholinesterase,
(b) tyrosinase, (¢) x-amylase, and (d) x-glucosidase at a concentration of 100 uM. Values with
different letters differ significantly at p < 0.05.
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4. Discussion

Flavonoids are often considered antioxidants, but in reality, their antioxidant activity
is highly dependent on the structure of individual flavonoids [26]. This is also evident from
our results showing that flavones and biflavones have weak radical scavenging activity
using one of the most commonly used methods for measuring antioxidant activity, DPPH.
Similar to the results of our experiments, Kang et al. [27] revealed that none of the five
biflavones also tested in our study showed radical scavenging activity up to 100 uM when
measured with 1,1-diphenyl-2-picrylhydrazyl (DPPH). We tested even higher concentra-
tions and observed no significant activity. This suggests that biflavones do not act as
antioxidants or radical scavengers, at least in a cell-free system. Research findings also
show that the biflavones amentoflavone, bilobetin, ginkgetin, and sciadopitysin are the
weakest antioxidants among the 30 compounds isolated from ginkgo tested in myelomono-
cytic HL-60 cells [28]. However, there are some conflicting data on the antioxidant activity
of biflavones. For example, Li et al. [29] compared the antioxidant activity of acacetin
and its 3,8 dimer isoginkgetin using three methods, the O?>~ scavenging assay, the Cu?*
reducing assay, and the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scav-
enging assay, and reported that the 3/,8”-dimerization increased the antioxidant capacity
of flavonoids. From all these findings, we can conclude that the antioxidant activity of
biflavones is still very poorly understood, and further studies should clarify their activity
as antioxidants.

Monomeric flavonoids have been shown to be effective antifungal agents against
a variety of pathogenic organisms through mechanisms that include the disruption of
the plasma membrane; the induction of mitochondrial dysfunction; and the inhibition
of cell wall formation, cell division, RNA and protein synthesis, and efflux-mediated
pumping [30]. Herein, we tested compounds for their potential inhibition against five
mycotoxigenic fungi that are perhaps the most important pathogens of global concern in
the context of food safety. They can affect the quality and quantity of marketable products
by damaging foods such as corn, wheat, and peanuts and producing mycotoxin metabolites
that can be carcinogenic and affect human and animal health [31]. According to our results,
antifungal activity depends on both the fungi used and the tested concentration. The genus
Fusarium generates a number of mycotoxins that can cause acute or chronic disease and, in
some cases, death [32]. At the lowest concentration, 0.01 pug/mL, all the tested compounds
showed significant inhibition against F. graminearum, and biflavonoids showed higher
inhibition than the monomers analyzed. When we directly compared amentoflavone with
its monomeric subunits apigenin, we found that amentoflavone had a stronger inhibition
against F. graminearum, which may indicate that the 3'-8"-dimerization increases the an-
tifungal activity against this fungus. In the case of F. verticillioides, all biflavonoids and
apigenin showed inhibition at a higher concentration (10 ng/mL). Krauze-Baranowska
and Wiwart [16] investigated the antifungal activity of amentoflavone, bilobetin, ginkgetin,
and sciadopitysin against F. culmorum, and at a concentration of 100 uM/mL, bilobetin,
ginkgetin, and sciadopitysin showed 100% inhibition. It has also been reported that the
extracts of Hypericum triquetrifolium have antifungal activity against Fusarium sp. [33], and
Hypericum sp. are known to contain biflavonoids [34]. Taken together, these findings
indicate that the biflavonoids tested here can be potential inhibitors of Fusarium sp. Other
mycotoxigenic fungi we tested belong to Aspergillus sp., namely A. flavus and A. ochraceus.
All the tested biflavonoids, as well as genkwanin, showed antifungal activity against
A. ochraceus, which was higher at lower concentrations and decreased with the increase
in concentration, whereas for A. flavus, activity increased with concentration for most
biflavonoids. Previously, isoginkgetin was reported to have inhibitory activity against
A. fumigatus [35]. Gongalez et al. [36] reported in their study that amentoflavone inhibited
the production of aflatoxin Bl and B2 by A. flavus but did not inhibit fungal growth at
the concentration tested. They indicated that biflavonoids may be effective agents for
controlling aflatoxin production without inhibiting growth. All the compounds we tested
here showed weak or no inhibition against A. alternata at concentrations up to 10 pg/mL.
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Krauze-Baranowska and Wiwart [16] investigated antifungal activity at a higher concen-
tration of 100 uM and showed that ginkgetin had 100% inhibition against A. alternata,
while the inhibition of amentoflavone, bilobetin, and sciadopitysin was 54%, 80%, and
59%, respectively.

For the enzyme inhibitory activities of our compounds, we selected four enzymes that
are involved in important metabolic functions. Acetylcholinesterase (AChE) inhibitors are
widely used for the symptomatic treatment of Alzheimer’s disease and other dementias
because the inhibition of AChE slows the hydrolysis of acetylcholine and increases choline
levels, which improves cognitive function. Monomeric flavonoids have been recognized
as AchE inhibitors for several decades [37]. According to our results, at a concentration of
100 uM, ginkgetin and isoginkgetin had significantly higher inhibitory effects on acetyl-
cholinesterase than the other compounds analyzed. These results are not surprising because
ginkgetin and isoginkgetin are characteristic compounds of Ginkgo biloba L. [9,28,38], a
plant used to treat cognitive disorders, and ginkgetin is known to be a potential neupro-
tectant [17]. The inhibition of tyrosinase is related to the potential use of compounds to
reduce melanogenesis activity and alleviate hyperpigmentation [39]. According to our
results, all three monomeric flavonoids, i.e., apigenin, genkwanin, and acacetin, showed
significantly higher inhibitory activity than the biflavones studied. Among the biflavonoids,
amentoflavone showed higher inhibitory activity. According to the molecular docking
study by Ogunwa [40], amentoflavone has moderate tyrosinase inhibitory potential, which
is also evident in our study.

We also investigated the inhibitory activity against x-amylase and «-glucosidase, the
two enzymes involved in carbohydrate metabolism. The inhibition of these enzymes may
help regulate blood glucose levels and prevent/control diabetes mellitus [23]. According
to our results, amentoflavone is the best c-amylase inhibitor, followed by isoginkgetin.
Ametoflavone has already been recognized as a potent c-amylase inhibitor, and its possible
mechanism of action involves the occupation of the catalytic site and other regions of the en-
zyme as well as the inhibition of the substrate’s access and binding [40]. Peterson et al. [41]
studied bilobetin, isoginkgetin, ginkgetin, and sciadopitysin isolated from a ginkgo for
their x-amylase inhibitory activity. They found that bilobetin had no clear inhibitory ef-
fect, whereas, in the other components, the inhibitory effect decreased with the increase
in concentration, and it was most pronounced for sciadopitysin, which they character-
ized as an «-amylase activator rather than an inhibitor. These results are consistent with
our results where sciadopitysin showed the least inhibitory effect on x-amylase. In the
case of a-glucosidase, amentoflavone showed complete inhibition under the concentra-
tion tested, followed by isoginkgetin and ginkgetin. Amentoflavone is already known
to be a potent a-glucosidase inhibitor. Swargiary et al. [42] investigated x-glucosidase
inhibitory activity via the molecular docking of 155 different phenolic compounds and
found that amentoflavone had the strongest binding affinity with a-glucosidase, much
stronger than the reference acarbose. Similarly, Li et al. [43] investigated the inhibitory
effects of amentoflavone and monomeric apigenin on o-glucosidase and reported a stronger
inhibitory effect of amentoflavone, which is also reflected in our results. Flavonoids are
noncompetitive inhibitors of x-glucosidase and have shown synergistic inhibitory effects
with acarbose [43], an a-glucosidase inhibitor used in conjunction with diet and exercise to
control blood glucose levels in patients with type 2 diabetes mellitus.

5. Conclusions

In the present study, we evaluated the radical scavenging activity (with DPPH), antifungal
activity against mycotoxigenic fungi (A. alternata, A. flavus, A. ochraceus, F. graminearum, and
F. verticillioides), and enzyme inhibition (acetylcholinesterase, tyrosinase, x-amylase, and
a-glucosidase) of five 3’-8”-biflavones (amentoflavone, bilobetin, ginkgetin, isoginkgetin,
and sciadopitysin) and their monomeric subunits (apigenin, genkwanin, and acacetin). All
the tested compounds showed weak radical scavenging activity. The antifungal activity
strongly depends on the fungi used and the concentration. At some concentrations, we
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even detected growth-promoting activity, as in the case of F. verticillioides. At the lowest
concentration, 0.01 nug/mL, all the analyzed compounds showed significant inhibition
against F. graminearum, and the biflavonoids showed higher inhibition than the tested
monomers. The antifungal activity against A. ochraceus was higher for all biflavonoids and
genkwanin at lower concentrations and decreased with the increase in concentration, while
all biflavonoids showed antifungal activity against A. flavus, and the activity increased with
concentration for most biflavonoids. Biflavonoids showed weak activities against A. alterata,
while apigenin and genkwanin showed no antifungal activity. Isoginkgetin and ginkgetin
showed the highest inhibition against acetylcholinesterase, while monomeric compounds
showed higher inhibitory activity against tyrosinase. Amentoflavone proved to be a potent
inhibitor of x-amylase and «-glucosidase, and the 3'-8"-biflavones tested showed higher
inhibitory activity against a-glucosidase than their monomeric subunits. From all these
results, we can conclude that the 3’-8”-dimerization affects the biological activity, such
as the antifungal activity against F. graminearum, where the biflavonoids showed higher
inhibitory activity than the tested monomers. Also, the inhibitory activity against x-amylase
and a-glucosidase is enhanced by 3'-8"-dimerization but is also influenced by the number
of methoxy and hydroxyl groups.

Author Contributions: Conceptualization DS,; methodology, L]. S.,B.S. and D.S,; validation, L].S., B.S.
and DS,; mvestlgahon 1JS,BS. and D.S,; wrlhng—orlgmal draft preparation, D. S, wr1t1ng—rev1ew
and editing, D.S. and E.K.; visualization, D.S.; supervision, D.S.; project administration, D.S.; funding
acquisition, D.S. All authors have read and agreed to the published version of the manuscript.

Funding: This work has been supported by the Croatian Science Foundation project “Biflavonoids
role in plants: Ginkgo biloba L. as a model system” under Project No. UIP-2019-04-1018.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Additional data are available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Alseekh, S.; Perez de Souza, L.; Benina, M.; Fernie, A.R. The Style and Substance of Plant Flavonoid Decoration; towards Defining
Both Structure and Function. Phytochemistry 2020, 174, 112347. [CrossRef]

2. Samec, D.; Karalija, E.; Sola, I.; Vuj¢i¢ Bok, V.; Salopek-Sondi, B. The Role of Polyphenols in Abiotic Stress Response: The Influence
of Molecular Structure. Plants 2021, 10, 118. [CrossRef]

3. Santos, E.L.; Maia, B.H.L.N.S,; Ferriani, A.P.; Teixeira, S.D. Flavonoids: Classification, Biosynthesis and Chemical Ecology. In
Flavonoids—From Biosynthesis to Human Health; InTech: London, UK, 2017.

4. Shamsudin, N.FE,; Ahmed, Q.U.; Mahmood, S.; Ali Shah, S.A.; Khatib, A.; Mukhtar, S.; Alsharif, M.A.; Parveen, H.; Zakaria, Z.A.
Antibacterial Effects of Flavonoids and Their Structure-Activity Relationship Study: A Comparative Interpretation. Molecules
2022, 27,1149. [CrossRef]

5. Zhang, Q.; Yang, W.; Liu, J.; Liu, H.; Lv, Z.; Zhang, C.; Chen, D.; Jiao, Z. Identification of Six Flavonoids as Novel Cellular
Antioxidants and Their Structure-Activity Relationship. Oxidative Med. Cell. Longev. 2020, 2020, 4150897. [CrossRef]

6.  Boozari, M,; Soltani, S.; Iranshahi, M. Biologically Active Prenylated Flavonoids from the Genus Sophora and Their Structure-
Activity Relationship-A Review. Phyther. Res. 2019, 33, 546-560. [CrossRef]

7. Ji, Y;Li, B; Qiao, M,; Li, J.; Xu, H.; Zhang, L.; Zhang, X. Advances on the in Vivo and in Vitro Glycosylations of Flavonoids. Appl.
Microbiol. Biotechnol. 2020, 104, 6587—-6600. [CrossRef]

8.  He, X,; Yang, F; Huang, X. Proceedings of Chemistry, Pharmacology, Pharmacokinetics and Synthesis of Biflavonoids. Molecules
2021, 26, 6088. [CrossRef]

9. Samec, D, Karalija, E.; Dahija, S.; Hassan, S.T.S. Biflavonoids: Important Contributions to the Health Benefits of Ginkgo (Ginkgo
biloba L.). Plants 2022, 11, 1381. [CrossRef]

10. Gontijo, V.S.; dos Santos, M.H.; Viegas, C., Jr. Biological and Chemical Aspects of Natural Biflavonoids from Plants: A Brief
Review. Mini-Rev. Med. Chem. 2017, 17, 834-862. [CrossRef]

11. Hu, W.-H,; Chan, G.K.-L.; Duan, R;; Wang, H.-Y.; Kong, X.-P; Dong, T.T.-X.; Tsim, K.W.-K. Synergy of Ginkgetin and Resveratrol
in Suppressing VEGF-Induced Angiogenesis: A Therapy in Treating Colorectal Cancer. Cancers 2019, 11, 1828. [CrossRef]

12.  Han, B.H,; Cofell, B,; Everhart, E.; Humpal, C.; Kang, S.-S.; Lee, S.K.; Kim-Han, J.S. Amentoflavone Promotes Cellular Uptake and

Degradation of Amyloid-Beta in Neuronal Cells. Int. J. Mol. Sci. 2022, 23, 5885. [CrossRef]


https://doi.org/10.1016/j.phytochem.2020.112347
https://doi.org/10.3390/plants10010118
https://doi.org/10.3390/molecules27041149
https://doi.org/10.1155/2020/4150897
https://doi.org/10.1002/ptr.6265
https://doi.org/10.1007/s00253-020-10667-z
https://doi.org/10.3390/molecules26196088
https://doi.org/10.3390/plants11101381
https://doi.org/10.2174/1389557517666161104130026
https://doi.org/10.3390/cancers11121828
https://doi.org/10.3390/ijms23115885

Antioxidants 2023, 12, 1854 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Oliva, M.A; Staffieri, S.; Sanchez, M.; Arcella, A. Isoginkgetin—A Natural Compound to Control U87MG Glioblastoma Cell
Growth and Migration Activating Apoptosis and Autophagy. Molecules 2022, 27, 8335. [CrossRef]

Lokhande, K.; Nawani, N.; Venkateswara, S.K.; Pawar, S. Biflavonoids from Rhus Succedanea as Probable Natural Inhibitors
against SARS-CoV-2: A Molecular Docking and Molecular Dynamics Approach. J. Biomol. Struct. Dyn. 2022, 40, 4376-4388.
[CrossRef]

Xiong, X.; Tang, N.; Lai, X.; Zhang, J.; Wen, W.; Li, X,; Li, A.; Wu, Y,; Liu, Z. Insights Into Amentoflavone: A Natural Multifunctional
Biflavonoid. Front. Pharmacol. 2021, 12, 768708. [CrossRef]

Krauze-Baranowska, M.; Wiwart, M. Antifungal Activity of Biflavones from Taxus Baccata and Ginkgo Biloba. Zeitschrift
Naturforsch. C 2003, 58, 65-69. [CrossRef]

Tath Cankaya, 1.1; Devkota, H.P; Zengin, G,; Samec, D. Neuroprotective Potential of Biflavone Ginkgetin: A Review. Life 2023,
13, 562. [CrossRef]

Menezes, ].C.J.M.D.S.; Diederich, M.F. Bioactivity of Natural Biflavonoids in Metabolism-Related Disease and Cancer Therapies.
Pharmacol. Res. 2021, 167, 105525. [CrossRef]

Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a Free Radical Method to Evaluate Antioxidant Activity. LWT—Food Sci.
Technol. 1995, 28, 25-30. [CrossRef]

garkanj, B.; Molnar, M.; Cati¢, M.; Gille, L. 4-Methyl-7-Hydroxycoumarin Antifungal and Antioxidant Activity Enhancement by
Substitution with Thiosemicarbazide and Thiazolidinone Moieties. Food Chem. 2013, 139, 488-495. [CrossRef]

Ellman, G.L. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 1959, 82, 70-77. [CrossRef]

Jakimiuk, K.; Nazaruk, D.; Tomczyk, M. Acetylcholinesterase Inhibitors: Structure-Activity Relationship and Kinetic Studies on
Selected Flavonoids. Acta Pol. Pharm.—Drug Res. 2023, 79, 835-840. [CrossRef]

Etsassala, N.G.; Badmus, J.A.; Waryo, T.T.; Marnewick, J.L.; Cupido, C.N.; Hussein, A.A.; Iwuoha, E.I. Alpha-Glucosidase
and Alpha-Amylase Inhibitory Activities of Novel Abietane Diterpenes from Salvia Africana-Lutea. Antioxidants 2019, 8, 421.
[CrossRef]

Tiwari, A.K.; Swapna, M.; Ayesha, S.B.; Zehra, A.; Agawane, S.B.; Madhusudana, K. Identification of Proglycemic and Antihyper-
glycemic Activity in Antioxidant Rich Fraction of Some Common Food Grains. Int. Food Res. ]. 2011, 18, 915-923.

Hammer, &.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological Statistics Software Package for Education and Data Analysis.
Palaeontol. Electron. 2001, 4, 1-9.

Pietta, P.-G. Flavonoids as Antioxidants. J. Nat. Prod. 2000, 63, 1035-1042. [CrossRef]

Kang, S.S.; Lee, ].Y.; Choi, YK,; Song, S.S.; Kim, ].S.; Jeon, S.J.; Han, Y.N.; Son, K.H.; Han, B.H. Neuroprotective Effects of Naturally
Occurring Biflavonoids. Bioorg. Med. Chem. Lett. 2005, 15, 3588-3591. [CrossRef]

Bedir, E.; Tatli, L.I.; Khan, R.A.; Zhao, ]J.; Takamatsu, S.; Walker, L.A.; Goldman, P.; Khan, I.A. Biologically Active Secondary
Metabolites from Ginkgo Biloba. J. Agric. Food Chem. 2002, 50, 3150-3155. [CrossRef]

Li, X.; Ouyang, X; Cai, R.; Chen, D. 3/ ,8”-Dimerization Enhances the Antioxidant Capacity of Flavonoids: Evidence from Acacetin
and Isoginkgetin. Molecules 2019, 24, 2039. [CrossRef]

Al Aboody, M.S.; Mickymaray, S. Anti-Fungal Efficacy and Mechanisms of Flavonoids. Antibiotics 2020, 9, 45. [CrossRef]
Balendres, M.; Karlovsky, P.; Cumagun, C. Mycotoxigenic Fungi and Mycotoxins in Agricultural Crop Commodities in the
Philippines: A Review. Foods 2019, 8, 249. [CrossRef]

Ekwomadu, T.I; Akinola, S.A.; Mwanza, M. Fusarium Mycotoxins, Their Metabolites (Free, Emerging, and Masked), Food Safety
Concerns, and Health Impacts. Int. J. Environ. Res. Public Health 2021, 18, 11741. [CrossRef] [PubMed]

Fraternale, D.; Bertoli, A.; Giamperi, L.; Bucchini, A.; Ricci, D.; Menichini, F.; Trinciarelli, E.; Pistelli, L. Antifungal Evaluation of
Hypericum Triquetrifolium Polar Extracts against Fusarium spp. Nat. Prod. Commun. 2006, 1, 1117-1122. [CrossRef]

Kwiecien, I.; Miceli, N.; Kedzia, E.; Cavo, E.; Taviano, M.E; Beerhues, L.; Ekiert, H. Different Types of Hypericum Perforatum
Cvs. (Elixir, Helos, Topas) In Vitro Cultures: A Rich Source of Bioactive Metabolites and Biological Activities of Biomass Extracts.
Molecules 2023, 28, 2376. [CrossRef] [PubMed]

Bagla, V.P; McGaw, L.J.; Elgorashi, E.E.; Eloff, ] N. Antimicrobial Activity, Toxicity and Selectivity Index of Two Biflavonoids and
a Flavone Isolated from Podocarpus Henkelii (Podocarpaceae) Leaves. BMC Complement. Altern. Med. 2014, 14, 383. [CrossRef]
[PubMed]

Gongalez, E.; Felicio, J.D.; Pinto, M.M. Biflavonoids Inhibit the Production of Aflatoxin by Aspergillus Flavus. Braz. ]. Med. Biol.
Res. 2001, 34, 1453-1456. [CrossRef] [PubMed]

Uriarte-Pueyo, I.; Calvo, M.I. Flavonoids as Acetylcholinesterase Inhibitors. Curr. Med. Chem. 2011, 18, 5289-5302. [CrossRef]
[PubMed]

Kovac¢ Tomas, M.; Jurcevié, L.; Samec, D. Tissue-Specific Profiling of Biflavonoids in Ginkgo (Ginkgo biloba L.). Plants 2022, 12, 147.
[CrossRef] [PubMed]

Obaid, R.J.; Mughal, E.U.; Naeem, N.; Sadiq, A.; Alsantali, R.L; Jassas, R.S.; Moussa, Z.; Ahmed, S.A. Natural and Synthetic
Flavonoid Derivatives as New Potential Tyrosinase Inhibitors: A Systematic Review. RSC Adv. 2021, 11, 22159-22198. [CrossRef]
Ogunwa, T.H. Insights into Interaction Profile and Inhibitory Potential of Amentoflavone with x-Glucosidase, Tyrosinase and
15-Lipoxygenase as Validated Therapeutic Targets. J. Syst. Biol. Proteome Res. 2018, 2, 10-20.

Petersen, M.].; de Cassia Lemos Lima, R.; Kjaerulff, L.; Staerk, D. Immobilized a-Amylase Magnetic Beads for Ligand Fishing:
Proof of Concept and Identification of a-Amylase Inhibitors in Ginkgo Biloba. Phytochemistry 2019, 164, 94-101. [CrossRef]


https://doi.org/10.3390/molecules27238335
https://doi.org/10.1080/07391102.2020.1858165
https://doi.org/10.3389/fphar.2021.768708
https://doi.org/10.1515/znc-2003-1-212
https://doi.org/10.3390/life13020562
https://doi.org/10.1016/j.phrs.2021.105525
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.foodchem.2013.01.027
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.32383/appdr/159798
https://doi.org/10.3390/antiox8100421
https://doi.org/10.1021/np9904509
https://doi.org/10.1016/j.bmcl.2005.05.078
https://doi.org/10.1021/jf011682s
https://doi.org/10.3390/molecules24112039
https://doi.org/10.3390/antibiotics9020045
https://doi.org/10.3390/foods8070249
https://doi.org/10.3390/ijerph182211741
https://www.ncbi.nlm.nih.gov/pubmed/34831498
https://doi.org/10.1177/1934578X0600101209
https://doi.org/10.3390/molecules28052376
https://www.ncbi.nlm.nih.gov/pubmed/36903619
https://doi.org/10.1186/1472-6882-14-383
https://www.ncbi.nlm.nih.gov/pubmed/25293523
https://doi.org/10.1590/S0100-879X2001001100013
https://www.ncbi.nlm.nih.gov/pubmed/11668356
https://doi.org/10.2174/092986711798184325
https://www.ncbi.nlm.nih.gov/pubmed/22087826
https://doi.org/10.3390/plants12010147
https://www.ncbi.nlm.nih.gov/pubmed/36616276
https://doi.org/10.1039/D1RA03196A
https://doi.org/10.1016/j.phytochem.2019.04.016

Antioxidants 2023, 12, 1854 13 of 13

42. Swargiary, A.; Roy, M.K,; Mahmud, S. Phenolic Compounds as x-Glucosidase Inhibitors: A Docking and Molecular Dynamics
Simulation Study. J. Biomol. Struct. Dyn. 2023, 41, 3862-3871. [CrossRef]

43. Li, H; Yang, J.; Wang, M.; Ma, X.; Peng, X. Studies on the Inhibition of x-Glucosidase by Biflavonoids and Their Interaction
Mechanisms. Food Chem. 2023, 420, 136113. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/07391102.2022.2058092
https://doi.org/10.1016/j.foodchem.2023.136113

	Introduction 
	Materials and Methods 
	Reagents and Standards 
	DPPH Scavenging Activity 
	Antifungal Activity 
	Enzyme Inhibition Activity 
	Statistical Analysis 

	Results 
	Chemical Formula of Investigated Standards 
	Antioxidant Activity 
	Antifungal Activity 
	Enzyme Inhibition Activity 

	Discussion 
	Conclusions 
	References

