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Abstract: The antioxidant activity of flavonoid derivatives (A;, C1-Cg) was investigated using two
methods: The diphenylpicrylhydrazyl radical inhibition method (DPPH) and the hydrogen peroxide
(H202) inhibition method. These methods were then compared with the activity of two well-known
antioxidants, namely, ascorbic acid and quercetin. The inhibitory activity of flavonoids was assessed at
four different concentrations (250, 500, 750, and 1000 ug/mL) at a wavelength of 516 nm using the
DPPH method and at a wavelength of 230 nm using the H.O, method. The ICso value was calculated
from the curves showing the change in percentage inhibition with solution concentration. The results
indicated that compounds containing thiol and -OH groups exhibited greater efficacy than standard
antioxidants. Additionally, the antifungal efficacy of all synthesized flavonoids was evaluated at two
concentrations (0.5 mg/mL and 0.25 mg/mL) against three types of fungi: Aspergillus flavus,
Acremonium strictum, and Penicillium expansum. Some of the compounds demonstrated superior
activity against the tested fungi compared with quercetin and clotrimazole.
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1. Introduction

Flavonoids are low-molecular-weight polyhydroxy group phenolic compounds that are
widely found in plants [1,2]. They have biological activity as antiviral [3], antibacterial [4],
anti-inflammatory [5], and anticancer [6] agents. Flavonoids play an important role as
antioxidants by eliminating reactive oxygen species, thereby protecting the heart and blood
vessels from oxidative stress [7]. In the food industry, flavonoids are used as coloring agents,
sweeteners [8], and flavor enhancers [8]. They work to inhibit free radicals by removing
transition metals and binding to metal ions in the human body to prevent oxidation. Some
flavonoids have the potential to chelate metal ions, such as Fe?* and Cu*, which play vital roles
in oxygen metabolism and the formation of free radicals [9,10]. Flavonoids can also inhibit
enzymes involved in the generation of free radicals, such as xanthine oxidase, lipoxygenase,
and protein kinase [9].

Azo compounds are organic compounds that contain at least one azo group (N=N)
bonded to one or more aromatic or heterocyclic systems [11-13]. They exhibit high stability to
light and heat, making them useful in industrial applications such as coloring natural and
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synthetic materials, ink manufacturing, leather dyeing, and the cosmetics industry. It is also
used in the food industry as a coloring material [14-18].

Azo dyes are also used in solar energy cells [19], lasers, photovoltaic systems [20], and
chemical sensors for detecting metal impurities in water [21]. Heterocyclic azo compounds and
their derivatives, particularly those containing thiazoles and oxadiazoles, have attracted
attention for their biological activities, including anti-inflammatory, antibacterial, antifungal,
anticancer, and anti-tuberculosis properties [22-24].

Researchers have focused on the synthesis of azo compounds linked by heterocyclic
rings [25]. However, there are no studies in the literature on the synthesis of flavonoid
compounds containing azo groups and their biological activity. Therefore, flavonoid
derivatives containing azo groups in their structure were synthesized in a previous study
published in the Arkivoc journal [26].

The present paper aims to study the antioxidant and antifungal activities of flavonoid
derivatives containing azo groups and heterocyclic rings, and to compare them with standard
compounds.

2. Materials and Methods

2.1. General remarks.

The chemicals used include dry methanol, dimethyl sulfoxide (DMSO), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), clotrimazole, quercetin, ascorbic acid (Sigma-Aldrich), hydrogen
peroxide, phosphate buffer solution, and agar PDA. The instrumentation used is the Shimadzu
UV-1700 spectrophotometer with 1 cm quartz cells.

2.2. Synthesis.

The tested compounds (C1-Cg) have been synthesized in a previous study and can be
found elsewhere [26]. The chemical structures of the new compounds were characterized by
spectroscopic methods (*C-NMR, 'H-NMR, FT-IR) in a previous study published in the
Arkivoc journal [26]. Figure 1 shows the chemical formulas for the synthesized flavonoids.
Table 1 shows the names of flavonoid derivatives (A1, C1-Co) according to the [IUPAC system
[26].

2.3. In vitro assays.

2.3.1. DPPH radical scavenging assay.

A series of concentrations (250, 500, 750, 1000 pg/mL) for each of the flavonoids and
the same concentrations of ascorbic acid and quercetin as a positive control were prepared. A
solution of DPPH in methanol was prepared at a concentration of 0.2 mM/I by dissolving 78.86
mg of free radical DPPH in 100 mL of dry methanol in a 1000 mL volumetric flask, then
diluting to the capacity mark with methanol.

The ability of flavonoids to inhibit free radicals was determined by the DPPH test using
Blois' method [27].

Each test tube contained 1 mL of the solution to be tested (separately for each flavonoid
and standard compound), and 5 mL of DPPH solution was added with stirring. The tubes were
placed in a dark place at room temperature for 20 minutes. The absorbance was measured using
a UV-Vis device at 516 nm (the control solution consisted of 1 mL of dry methanol + 5 mL of
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DPPH methanol solution). The percentage of free radical inhibition was calculated by the
following arithmetic method:
DPPH % = [(Ao- A1) / Ao] x 100

Where A: is the absorbance of the sample, and Aq: is the absorbance of the control
sample.

A diagram was sketched showing the percentage of DPPH inhibition as a function of
concentration, which follows a first-order equation. The IC50 value was then calculated,
defined as the concentration of the solution (ug/mL) required to clear 50% of the DPPH
radicals. The ability of flavonoids (C1-Co) to inhibit free radicals was compared with the ability
of standard compounds (quercetin, ascorbic acid).
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Figure 1. Synthetic structures of synthesized flavonoids (A1, C1-Cq) [26].

Table 1. The following are the names of flavonoid derivatives (A1, C1-Cg) according to the IUPAC system [26].

code Name of the compound according to the IUPAC system
A1 (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxyphenyl) prop-2-en-1-one
C1 (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxy-5-((E)-thiazol-2-yldiazenyl)phenyl) prop-2-en-1-one
Cz (E)-2-(4-(dimethylamino)phenyl)-6-(thiazol-2-yldiazen yl)-4H-chromen-4-one
Cs (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxy-5-((E)-(4-(5-mercapto-1,3,4-oxadiazol-2- yl)phenyl) diazenyl)
phenyl)prop-2-en-1-one
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code Name of the compound according to the IUPAC system
Ca (E)-2-(4-(dimethylamino)phenyl)-6-((4-(5-mercapto-1,3,4-oxadiazol-2-yl)phenyl)diazenyl)-4H-chrom en-4-one
C (E)-3-(2-((5-(4-((2-(4-(dimethylamino)phenyl)-4-oxo-4H-chromen-6-yl)diazenyl)phenyl)-1,3,4-oxadiazol-2-yl)
> thio)acetyl)-2H-chromen-2-one

Cs (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxy-5-((E)-(2-hydroxyphenyl)diazenyl)phenyl) prop-2-en-1-one
Cr (E)-2-(4-(dimethylamino)phenyl)-6-((2-hydroxyphenyl)diazenyl)-4H-chromen-4-one

Cs (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxy-5-((E)-(4-hydroxyphenyl)diazenyl)phenyl) prop-2-en-1-one
Co (E)-2-(4-(dimethylamino)phenyl)-6-((4-hydroxyphenyl)diazenyl)-4H-chromen-4-one

2.3.2. Hydrogen peroxide (H20>) scavenging assay.

The ability of flavonoids to inhibit hydrogen peroxide was determined using the
following method [28]: 1 mL of the flavonoid compound was added to each test tube (prepared
at different concentrations). Afterwards, it was dissolved in methanol and 1 mL of hydrogen
peroxide solution (40 mM) in a phosphate buffer solution (50 mM, pH=7.4). The tubes were
placed in a dark place at room temperature for 10 minutes. The absorbance for hydrogen
peroxide was measured in a UV-VIS (Shimadzu) at a wavelength of 230 nanometers. The
control solution consisted of a mixture of methanol, a phosphate buffer, and hydrogen peroxide.

The previous method was followed in the preparation of titer solutions (quercetin,
ascorbic acid).

The hydrogen peroxide suppression percentage was calculated by the following
arithmetic method:

Percent inhibition % = [(Ao - A1) / Ag] x 100

Where A is the absorbance of the sample, and Ao is the absorbance of the control
sample.

A diagram was sketched for the percentage of inhibition H20. % in terms of
concentrations, which is a first-order straight equation, then the value of ICso for H2O2 was
calculated.

The ability of flavonoids to inhibit hydrogen peroxide was compared with the ability of
standard compounds (quercetin, ascorbic acid).

2.3.3. Study of antifungal efficacy.

The antifungal efficacy of synthetic flavonoid derivatives was studied using the Petri
dish method against three types of fungi: Aspergillus flavus (A.f), Acremonium strictum (A.S),
and Penicillium expansum (P.ex). This study followed the reference method of Suarez-Jimenez
et al. [29] with some modifications to suit our research in the microbiology laboratory.
Solutions of flavonoid compounds were prepared at two different concentrations (0.25 mg/mL
and 0.5 mg/mL) for each sample, as well as the same concentrations for quercetin and
clotrimazole as positive controls. The nutrient medium, composed of prepared agar and
flavonoids, was poured into 9 cm diameter Petri dishes and allowed to cool and solidify.

A 5 mm disk was placed at the edges of the active 7-day-old fungal colony for each
fungus, at the two concentrations studied. The plates were then incubated at 1 + 25°C for 7
days.

Growing fungi on flavonoid-free PDA prepared control plates.

Three replicates were conducted for each flavonoid compound at the two concentrations
studied, as well as for the control dishes.
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Readings of colony growth diameters were taken for both treatments and controls, and
their averages were calculated. The percentage of inhibition was calculated using the formula:

Inhibition% % = (dc - dt) / dc x 100

Where dc represents the average diameter of the control colonies, and dt represents the
average diameter of the treated colonies. The same steps were followed for the comparison of
both quercetin and clotrimazole.

3. Results and Discussion

3.1. DPPH, H,0, assays.

The inhibitory effect of flavonoids was measured using the DPPH method and the
hydrogen peroxide method at four different concentrations, i.e., at (250, 500, 750, and 1000
pg/mL) at a wavelength of 516 nm using the DPPH method and 230 nm using the hydrogen
peroxide method. The percentages of the ability of the flavonoid compounds (A1, C1-Co) to
inhibit DPPH and H20- were calculated and summarised in Table 2. Figures (2) and (3) show
the graphical curves of inhibition of synthetic flavonoids, quercetin, and ascorbic acid as a
function of concentration. The value ICso for each compound was calculated from the graph of
percentage inhibition versus concentration, as shown in Table 3.

The results of the inhibitory effects of the synthesized flavonoids (A1, C1-C9) showed
that the percentage of free radical suppression was variable, and all had higher IC50 values
than the two standard compounds, ascorbic acid and quercetin, indicating they are weaker
antioxidants. It was found that the percentage of inhibition of chalcone A1 was low, reaching
41.74% in the DPPH method and 27.08% in the H.O> method, and the IC50 values were
1053.045 and 1909.311 pg/mL, respectively.

The percentages of inhibition increased when the azo group (C1-Ce) was introduced.
Table 2 shows the percentage of inhibition when azothiazoles were introduced for the two
compounds (Ci1, C2) by the DPPH method (42.32%, 34.21%), and their 1Cso values were
1045.197, 1357.448 pg/mL, and by the hydrogen peroxide method (1821.190, 2146.476)
pg/mL, respectively.

The percentage of free radical inhibition in the two compounds C4 and Cs containing
the oxadiazole ring by DPPH method was (60.30%, 53.66%). The values of ICso= 774.568 and
706.677 pg/mL respectively and by hydrogen peroxide method the percentage inhibition
percentages were (31.34%, 39.04%), and the values of 1Cso were (1538.055, 1149.399) pg/mL.
While the percentage inhibition of free radicals in compound Cs decreased when the coumarin
ring was introduced, with the DPPH method, it reached 51.23 %. The value of 1Cso was equal
to 862.081 ug/mL, and with the hydrogen peroxide method, the percentage inhibition reached
(24.06 %), and the value of 1Cso= 2023.788 pg/mL.

It was also found that compounds Cs and Cg, each containing two groups, ortho-
hydroxyphenyl and para-hydroxyphenyl, exhibited higher free radical inhibition rates. The
inhibition percentages by the DPPH method were 53.66% and 54.22%, and the IC50 values
were 706.130 and 700.663 pg/mL, respectively. For the hydrogen peroxide method, the
percentages were 43.45 % and 39.04 %, and the 1Csp values were 974.658 and 1149.247 pg/mL,
respectively.

While the values of the percentage inhibition of free radicals for compounds C7 and Co
decreased when the cyclization reactions of compounds Cs and Cg with iodine in dimethyl
sulfoxide were performed, the percentage of inhibition by the DPPH method was (44.32 %,
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and 49.54 %). The 1Cso values for them were 949.723 and 810.273 pg/mL, respectively, while
the percentage inhibition by the peroxide method was 33.29 %, 33.67 % and their ICso values
were 1386.447 and 1427.375 pg/mL, respectively.

We conclude that the highest activity of the compound as an antioxidant among the
flavonoid derivatives (C1-Co) is the compounds (Cs, Cs4, Cs, Cg). The reason for this is due to
the presence of a thiol group (-SH) in the compounds Cs and C4 and a phenolic -OH group in
the compounds (Cs, Cs), which increases the acidic properties of the compound and is thus
capable of binding hydrogen to the free radical DPPH, Hydrogen to the free radical DPPH (and
its conversion to the stable form DPPH-H) or to hydrogen peroxide (and its conversion to water
molecules) [30, 31], and the molecules of the hydrogen donor compounds are resonantly
converted to stable free radicals, as shown by the mechanism of the compounds shown in
Figure 5. The least effective compound as an antioxidant is C», as it has no hydroxyl group.

The results showed that flavonoids had a greater inhibitory effect on DPPH free radicals
than hydrogen peroxide. The reason for this could be that DPPH is an intermediate compound
(unstable) compared to hydrogen peroxide (stable compound). Therefore, DPPH is
characterized by high activity as it reacts faster with the flavonoid compound than hydrogen
peroxide. Figure 4 shows the 1Cso values for the two methods mentioned.

The compound is an antioxidant if the phenoxy radicals it produces are stabilized. If it
fails to stabilize unstable radicals, it triggers a chain reaction of free radicals that can lead to
harmful effects in the human body. However, the stabilization of unstable free radicals in
phenolic compounds (especially flavonoids) can be easily achieved by electron transfer, as they
have a conjugated structural system either in the aromatic ring or the pyran ring (as in the
proposed mechanism in Figure 5). Thus, the radicals formed undergo delocalization of their
electrons within the flavonoid structure and are converted into a stable form [30].

Table 2. Results of percentages of inhibition of DPPH, H,0, for synthetic flavonoids (A, C: - Co).

concs 0 250 500 750 1000
pg/mL
Comp. 0 | H:0:% | DPPH% | H:0.% | DPPH% | H.0:% | DPPH% | H:0:% | DPPH %
Ar 0 12.68 30.20 15.92 36.00 2031 39.43 27.08 4174
Ci 0 14.26 35.00 19.09 37.32 23.12 38.90 27.08 42.32
Cs 0 15.12 28,51 18.29 30.36 19.74 3257 23.91 3421
Cs 0 18.37 38.95 23.12 41.80 27.66 50.28 3134 53.66
Cs 0 18.94 26.67 31.05 4849 36.67 53.55 39.04 60.30
Cs 0 1361 2551 17.14 39.00 22.26 4549 24.06 51.23
Co 0 33.88 47.98 37.29 50.18 40.69 51.92 43.45 53.66
C 0 19.14 39.06 23.77 40.80 31.91 42.64 33.29 4432
Cs 0 3117 4855 34.29 50.71 36.74 51.85 39.04 5422
Co 0 17.99 42.12 23.02 4542 29.69 48.39 33.67 4954
Quercetin | 0 91.49 93.19 91.78 93.77 91.93 93.88 9257 93.93
As;girdb'c 0 75.86 70.42 76.80 7053 77.80 7053 7853 70.90

Table 3. 1Csq values for synthetic flavonoids (A, C1 - Co).

I1Cs0 (ng/mL)

Compound DPPH H20;
Al 1053.045 1909.311
C1 1045.197 1821.190
c2 1357.448 2146.476
c3 774,568 1538.055
c4 706.677 1149.399
c5 862.081 2023.788
C6 706.130 974.658
c7 949.723 1386.447
c8 700.663 1149.247
co 810.243 1427.375
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1Cs0 (ng/mL)
Compound DPPH H20,
Quercetin 169.177 182.776
Ascorbic acid 385.669 314.496
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Figure 2. Results of the DPPH % test for flavonoids (A1, C1 — Co).

100 ~
o o 2 L
oA
® c1
80 HIN
v c3
® ca
60 <4 cs
> ce
°\:‘ ® c7
q‘ > * - cs
T 40+ > : * o o
E : ‘ § 9 auercetin
o : Ascorbic acid
204 z ' .
o4 &
T T T T T T
0 200 400 600 800 1000

Concentration pug/ml
Figure 3. Results of the H,0, % test for flavonoids (A1, C1 — Co).

I 1C50 (ug/ml) DPPH|
2500 - I 1C50 (pg/ml) H202

2000

-
(5]
o
o
L

1C50 (ug/ml)

1000

500

0

A1l C1 C2 C3 C4 C5 C6 C7 C8 C9 QueAsc.A
Compound

Figure 4. ICs values for flavonoids (A1, C1 - Cg) by DPPH and H,O, methods.
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Figure 5. Proposed mechanism of compound Cs as an antioxidant.
3.2. Antifungal efficacy.

The inhibitory effect of the synthesized flavonoids (A1, C1-Cg) was investigated on
three fungal species (Acremonium strictum, Aspergillus flavus, Penicillium expansum) at two
different concentrations (0.5 mg/mL, 0.25 mg/mL). Table 4 shows that the inhibitory effect of
the flavonoids compares favorably with that of quercetin (a natural flavonoid) and the standard
drug, clotrimazole. Quercetin was chosen because its chemical structure is very similar to that
of the flavonoids analyzed. Clotrimazole was selected as an antimycotic with broad-spectrum
activity. Clotrimazole contains a heterocyclic ring (imidazole) and a chloro group.

Table 4 shows that the highest inhibitory effect of compound A1 was observed against
the fungus Penicillium expansum, with percentage inhibition values of 60.78% and 44.11% at
the two concentrations tested, and the inhibitory effect was comparable to that of quercetin and
clotrimazole. In contrast, the effect on the two species, Acremonium strictum and Aspergillus
flavus, was lower.

The inhibitory effect of the two flavonoid compounds (C1, C2) containing the thiazole
ring was slightly higher than the inhibitory effect of the main compound Az on Aspergillus
flavus and Penicillium expansum. In contrast, their inhibitory effect on Acremonium strictum
was high, as the percentage of inhibition was (86.66 %, 100 %).

The inhibitory effect of compounds Cs and Cs4, which contain an oxadiazole ring and a
thiol group, on Aspergillus flavus and Penicillium expansum was lower than that of the previous
compounds Az, C1, and C; at two concentrations tested due to the presence of a thiol group
with uncharged polar properties.

While the inhibitory effect of these compounds on Acremonium strictum was higher
than that of compound Ay, this is due to the structure of the cell wall of Acremonium strictum.
The inhibitory effect of the flavonoid complex Cs, which contains an oxadiazole ring and a
coumarin, was lower in all fungal species.

Table 4 also shows that the inhibitory effect of compounds (Ce, C7, Cg, and Cg) 0On
Penicillium expansum is greater than the inhibitory effect of compound Az, with the highest
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value obtained for compound C7 (77.45 %), followed by compounds Cg and Co (72.54 %). The
inhibitory effect of the two titer compounds was slightly less at a concentration of 0.5 mg/mL
and slightly less at a concentration of 0.25 mg/mL. The inhibitory effect of the compounds (Cs,
Cv, Cg, and Co) on Aspergillus flavus was stronger than the inhibitory effect of chalcone Az but
weaker than the effect of the two standard compounds.

When comparing the inhibitory effect of flavonoids (A1, C1-Cg) on fungal species
(Acremonium strictum, Aspergillus flavus, Penicillium expansum) with the inhibitory effect of
flavonoids (A2, As, A7, As, Ao, A12) on the same fungal species [32], it was found that the
inhibitory effect of the compounds (Cz, Cs, C7, Cs, Co) was close to the Inhibitory compound
(A2) 2-[4-(dimethylamino)phenyl]-3-hydroxy-4H-1-benzopyran-4-one which contains an
enolic -OH group, and the compound (As) 2-({2-[4-(dimethylamino)phenyl]-4-ox0-4H-1-
benzo pyran -3-yl} oxy) acetamide which contains an aliphatic amide group, and the compound
(Ag) 2-[4-(dimethylamino)phenyl]-4-oxo-4H-1-benzopyran -3-yl chloroacetate which contains
a chloroacetyl group, and compound (A1) 2-[4-(dimethylamino) phenyl]-4-oxo0-4H-1-
benzopyran -3-yl 2-carbamoyl benzoate which contains an aromatic amide group, on the
fungus species Acremonium strictum at the concentration 500 ppm.

All compounds (C:-Cg) showed a lower inhibitory effect on the fungal species
Penicillium expansum compared to the compounds in the reference study (A2, As, Ag) [32],
while convergence was observed between the inhibitory effect of compounds (C1, C2, Ce, C7,
Cs, Co) and the inhibitory effect of compound A1, at a concentration of 500 ppm. In addition,
a convergence was observed between the inhibitory effect of the two compounds (Cs, C4) on
the fungus Penicillium expansum and the inhibitory effect of compound Az, which contains a
coumarin group in its structure. When comparing the inhibitory effect of compounds A7 and
Cs, both of which contain a coumarin structure, on the fungus Penicillium expansum,
compound A7 was found to be more inhibitory than compound Cs. The inhibitory effect of the
compounds (Cs, C7, Co) on the fungus Aspergillus flavus at a concentration of 500 ppm was
close to the inhibitory effect of the two compounds (A2, Ag).

Table 4. Results of the biological activity of flavonoid derivatives against fungal strains (Inhibition percentage

%).
Comp Acremonium strictum Aspergillus flavus Penicillium expansum
Cons. 250 ppm 500 ppm 250 ppm 500 ppm 250 ppm 500 ppm
As 32.22 53.33 12.82 28.20 44.11 60.78
Ci 64.44 86.66 29.48 35.89 46.07 64.70
Ca 76.66 100 43.58 48.71 49.01 64.7
Cs 54.44 78.88 26.92 37.17 49.01 53.92
Cs 56.66 64.44 21.79 21.79 50.00 54.90
Cs 36.66 56.66 17.94 24.35 37.25 41.17
Cs 78.88 95.55 37.17 61.53 34.31 69.60
Cz 76.66 90.00 39.74 64.10 45.09 77.45
Cs 90.00 100 23.07 46.15 50.00 72.54
Co 77.77 100 38.46 61.53 52.94 72.54
Clotrimazol 97.77 100 62.82 85.89 100 100
Quercetin 76.66 100 55.12 76.92 85.29 100

The inhibitory effect of flavonoids is attributed to their ability to bind cellular proteins
and form a water-soluble extracellular protein complex after penetrating the cell wall and
plasma membranes of the microbe [33, 34]. The study also showed that some flavonoid
derivatives contain a hydroxyl group linked to an aromatic ring, which is associated with
bacterial intoxication via enzymatic oxidation of phenols and interference with sulfhydryl
groups during protein synthesis [34].
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This is also due to morphological and cellular changes in microorganisms, including
alterations in colony color and shape, as well as changes in cell shape and size. In addition,
phenolic compounds interfere with the formation of the cell wall and cell membrane, leading
to their destruction and killing the fungi [35]. Figure 6 shows the results of the biological
activity of flavonoid derivatives against fungal species (Acremonium strictum, Aspergillus
flavus, Penicillium expansum).

[ co
[l Clotrimazol
‘! Quercetin

Inhibition Percentage%

250 500 250 500 250 500 ppm

Acremonium strictum Aspergillus flavus Penicillium expansum

Figure 6. Results of the biological activity of flavonoid derivatives against fungal strains (Acremonium strictum,
Aspergillus flavus, Penicillium expansum).

4. Conclusions

The percentage inhibition of free radicals was good, with the compounds (C4, C6, C8)
showing the highest values using the DPPH and hydrogen peroxide methods. The 1Cso values
were (706.677, 707.146, 699.686 pg/mL) using the DPPH method and (1149.399, 986.649,
1149.313 pg/mL) using the hydrogen peroxide method, compared with ascorbic acid and
quercetin, known antioxidants. The results of inhibition of some flavonoid compounds on the
growth of three fungal species (Acremonium strictum, Aspergillus flavus, Penicillium
expansum) were different, and the best compounds (C1, C2, Cs, C7, Cg, Co) were against
Acremonium strictum compared to quercetin and clotrimazole.
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