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Abstract 

In this study, total phenolic contents (TPC) and antioxidant activity of Commiphora mollis (Oliv.) Engl. (Burser-
aceae) resin were investigated. The resin was extracted using petroleum ether, chloroform, and methanol to give 
27.46 ± 0.48, 46.56 ± 0.42, and 53.00 ± 1.39% extractable solids, respectively. The Folin–Ciocalteu (F–C) redox assay 
was optimized considering relevant parameters such as reaction time, maximum wavelength, and sample dilution 
effect before the determination of TPC. The concentration of antioxidants necessary to decrease by 50% the initial 
concentration of DPPH  (EC50) was determined at 60 min. The reaction kinetics was analyzed using the pseudo-first-
order kinetics model. For the F–C assay, the optimum conditions for the maximum absorbance and analysis time were 
760 nm and 30 min, respectively. Under these conditions, the method exhibited good sensitivity and linear instru-
mental responses over wide ranges of concentrations. The highest TPC;168.27 ± 3.44, 137.43 ± 1.32, and 136.16 ± 0.42 
mgGAE/g were recorded in the diluted samples (500 µg/mL) of methanol, chloroform, and petroleum ether extracts, 
respectively. By using different concentrations of the test sample, exhaustive reduction of phenolics and/or anti-
oxidant substrates was achieved. Regarding the DPPH radical scavenging capacity, the  EC50 values for methanol, 
chloroform, and petroleum ether extracts were 295.03 ± 3.55, 342.75 ± 9.72, and 353.69 ± 7.30 µg/mL, respectively. 
The standard (l-ascorbic acid), however, exhibited much lower  EC50 value (44.72 ± 0.48 µg/mL). The methanol extracts 
showed kinetic behavior  (k2 values,115.08 to 53.28  M−1  s−1; steady-state time, < 29 min) closer to that of l-ascorbic 
acid  (k2 values, 190 to 109  M−1  s−1; steady-state time, < 16 min), than other two extracts  (k2 values,14 to 28  M−1  s−1; 
steady-state time, 63 to 130 min). For all tested samples, the rate of the DPPH radical scavenging increases with con-
centration from 50 to 250 µg/mL. The current study demonstrated that the polar solvent (methanol) extract has a bet-
ter F–C reducing capacity and DPPH radical scavenging activity than the nonpolar solvents extracts. This could be due 
to phenolics and other oxidation substrates extracted by methanol from the C. mollis resin. For a better understanding 
of the antioxidant constituents of the resin, a further study including isolation of its compounds is recommended.
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Introduction
The free radical reaction is one of the major causes of 
problems, particularly in the health and food industries. 
It causes many dreadful diseases including cancer [1] 
and oxidative rancidity of foods [2]. Synthetic and natu-
ral antioxidants are used routinely in the medicine and 
food industries to minimize oxidative damages [3–5]. 
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However, studies have indicated that synthetic antioxi-
dants are usually associated with adverse effects and 
potential toxicities [6]. Therefore, natural antioxidant 
alternatives derived from plants are recommended.

A variety of plant materials are natural sources of anti-
oxidants due to the phytochemicals such as alkaloids, 
flavonoids, phenolics, and terpenoids they contain [1]. 
Medicinal plants mainly with documented and popular 
traditional use in folk medicines for the treatment of oxi-
dative and other related diseases could be a good source 
for novel and effective antioxidants. Most plants from the 
genus Commiphora (family Burseraceae) produce aro-
matic resins (myrrh) which have widely been used by the 
traditional healers for the treatment of different ailments 
[7]. Commiphora mollis (Oliv.) Engl. is among these 
medicinal plants whose resin has traditionally been used 
to treat skin inflammation, gastrointestinal disorder, and 
wounds; particularly for domestic animals in the South-
eastern part of Ethiopia. Several studies have indicated 
that the crude extracts and isolated metabolites from 
the species of the genus have demonstrated different 
pharmacological effects including antioxidants [8–13], 
anti-inflammatory [8] anti-proliferative [11], cytotoxic 
[9, 14], and anti-hyperglycemic [10] activities. It has also 
been indicated that sesquiterpenoids, diterpenes, triter-
penes, ferulates, and sterols are responsible for antioxi-
dant activities; lignans for the cytotoxicity; and steroids 
for antiproliferative anti-inflammatory, hypolipidemic, 
and antidiabetic activities. However, the biological activi-
ties and phytochemical information pertaining to C. 
mollis are only limited to the isolation of flavonoids [15] 
and curcumin [16] from its heartwood and leaf extract, 
respectively.

Several in vitro techniques have been used for prelimi-
nary testing of the antioxidant capacities of plants. Dif-
ferent factors such as extraction solvents type and assay 
mechanisms for testing antioxidant activities could affect 
the reliability of results. Both polar and nonpolar sol-
vents were used to prepare crude extracts of resins from 
the bark of various Commiphora trees [8, 11, 12]. Differ-
ent assay mechanisms including hydrogen atom transfer 
(HAT), electron transfer (ET), reducing power, and metal 
chelation [17, 18] can be used for the antioxidant activity 
testing. Although the assay conditions may differ, corre-
lation analysis of the data might be used as a validation 
tool.

The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radi-
cal scavenging and the Folin–Ciocalteu (F–C) redox 
methods are often used in the analysis of the antioxi-
dant potential and total phenolic contents of medicinal 
plants, respectively. These methods are simple, rapid, 
and produce precise results [18]. The DPPH assay is 
based on ET and/or HAT from the antioxidants to 

the DPPH free radical. According to the principle, the 
degree of decolorization of the DPPH solution caused 
by the neutralization of a comparable number of radi-
cals is measured in terms of absorbance drop, at 517 
nm. The  EC50 value which is the concentration of the 
antioxidant required to lower the initial DPPH con-
centration by 50%, is frequently used to describe the 
antioxidant activity [19, 20]. Indeed, it is important to 
note that the free radical species that cause oxidative 
damage in living tissues and/or foods have a very short 
lifespan. This means that the number of reactive groups 
per sample is less important than the rate at which 
each active group may quench the radicals. The only 
approach to see this feature of a substance is to study 
its reaction kinetics.

The rate constant is a very important kinetic param-
eter that shows both the  antioxidants concentration 
and speed of the reaction. The DPPH radical appears 
to exhibit mainly biphasic interactions with many anti-
oxidants found in plants [20]. Plant extracts that can 
contain phytochemicals with varying activities can also 
exhibit mixed reaction mechanisms. In this case, using 
the pseudo-first-order kinetics model and extracting the 
sample with different polarity solvents may be beneficial.

The F–C assay is a well-known method for the determi-
nation of TPC [21]. This assay is significant in measuring 
total antioxidant capacity since high phenolic content has 
been linked to high antioxidant capacity [18]. The original 
approach has been extensively modified, and several pro-
tocols and documented procedures with varying degrees 
of conditions are available. The F–C assay involves the 
reduction of the F–C reagent with phenolic compounds 
in an alkaline medium. The reaction is accompanied by 
the formation of a blue-colored complex that has a maxi-
mum absorbance at 765 nm. The absorbance is directly 
proportional to the TPC which is reported as Gallic acid 
equivalent. To obtain reliable data, various conditions 
such as maximum absorption wavelength (λmax), reaction 
time for color development, and volume ratio of alkali 
and F–C reagent are required to be studied [22, 23].

The literature survey showed that resins of Commi-
phora plants exhibit antioxidant activities. However, this 
information is not available for C. mollis resin. Therefore, 
the objective of this study was to determine the antioxi-
dant activity and TPC of C. mollis resin crude extracts. 
TPC and DPPH radical scavenging activity were evalu-
ated by ultraviolet-visible spectrophotometry after linear-
ity of responses at the maximum absorption wavelengths 
of the corresponding reactions were established. Kinetics 
analysis was performed to determine the optimum incu-
bation time and rate of radical scavenging effects for the 
F–C and DPPH assays, respectively. The study also pro-
vides information on the antioxidant activity of C. mollis 
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resin extracts as evaluated by the  EC50 (determined at 
a specific time) and reaction kinetics  and the effect of 
extraction solvents.

Materials and methods
Chemicals
All chemicals and reagents used were of reagent grades. 
Solvents such as petroleum ether, chloroform, and meth-
anol were obtained from Loba Chemie Pvt, Ltd (Mum-
bai, India). The 2,2-diphenyl-1-picrylhydrazyl (DPPH, 
85%) and Folin-Ciocalteu reagent (2 N) were supplied by 
Alpha Chemika (Mumbai, India) and Sisco Research Lab-
oratories Pvt. Ltd. (Navi Mumbai, Maharashtra, India), 
respectively. Sodium carbonate anhydrous (99.5%) was 
purchased from Blulux Laboratory Pvt (Faridabad, Hary-
ana, India). l-Ascorbic acid (99%) and gallic acid (99%) 
were purchased from Nice Chemicals Pvt (Ernakulum, 
Kerala, India).

Instrument
Double-beam UV/Vis spectrophotometer 
(SPECORD 200 PLUS, Analytik Jena, Germany) was used 
for quantitative analysis.

Sample collection
The resin of C. mollis was collected from Gorile, Das dis-
trict, Borana Zone, Oromia Regional State, Ethiopia, in 
February 2020. The collected samples were shade dried 
and double-sealed with a plastic bag and transported to 
the Department of Chemistry Laboratory, Jimma Univer-
sity, for further treatment and analysis. The plant mate-
rial was identified by Botanist (Dr. Dereje Denu) and the 
voucher specimen, CH8-JUH has been stored in Jimma 
University Herbarium.

Preparation of resin extracts
The pulverized resin (15 g) was transferred to three amber 
bottles. Then, 200 mL of methanol, chloroform, and petro-
leum ether were separately added. The content was shaken 
for 15  min on the shaker and then stored in the dark at 
room temperature. After 24 h, the infusions were filtered 
with Whatman No. 1 filter paper. The obtained residue 
was re-extracted with an equal volume of the same sol-
vents. Finally, the filtrates were combined and evaporated 
to one-quarter of their volume using a rotary evaporator at 
40 °C. The obtained extracts were allowed to dry at room 
temperature and the extraction yield was expressed as a 
percent of dry extract per gram of the dry resin [12].

Total phenolic contents
The F–C method reported by Ainsworth and Gillespie 
[27] and Adusei et  al. [24] was used with slight modifi-
cation. During the experiments, the reagents, and sample 

solutions were prepared as follows: The F–C reagent was 
diluted to 1:10 with distilled water just before the experi-
ment. Sodium carbonate (7.5% w/v) was also prepared in 
distilled water. Stock solutions of each dry extract of C. 
mollis resin (1000  µg/mL) and the standard compound, 
Gallic acid, (500 µg/mL) were prepared in methanol (95% 
vol/vol).

Determination of maximum absorption wavelength and time
Different solutions of Gallic acid (50 and 100 µg/mL) and 
C. mollis resin extracts (200 and 400  µg/mL) were pre-
pared from the stock solutions. Following the general 
procedure, 0.5  mL of each of these solutions or blank 
(methanol, 95%  v/v) was transferred to screw-capped 
tubes and mixed with 2 mL F–C reagent using a vortex 
mixer for a few seconds. After 3  min but before 8  min, 
4 mL of  Na2CO3 was added and mixed well. The sample 
was then transferred to a quartz cuvette and scanned in 
the wavelength range of 400 to 900 nm from 5 to 60 min 
at 5 min intervals. The obtained spectra and absorbance 
data were used to determine the λmax and the optimum 
reaction time [25].

Determination of TPC
For the determination of TPC of C. mollis resin extracts, 
three independent samples of each extract (500 and 
1000 µg/mL) were used. Gallic acid calibration solutions 
of 0, 25, 50, 75, 100, 125, and 150 µg/mL concentrations 
were prepared in duplicates. Then, the reaction mixtures 
were prepared following the procedure earlier stated 
and the absorbance was recorded at previously deter-
mined λmax (760 nm) and incubation time (30 min). All 
measurements were performed in triplicates. The aver-
age absorbance of the two-calibration series was used for 
the construction of the calibration curve. The coefficient 
of determinations  (R2) of the calibration curve was used 
to evaluate the linearity of the curve. Limit of detection 
(LOD) and limit of quantitation (LOQ) were calculated 
as 3.3σ/s and 10σ/S, respectively, where σ is the stand-
ard deviation of the response, and S is the slope of the 
calibration curve [26]. The concentration of Gallic acid in 
each extract was calculated from the regression equation 
using their absorbance. Finally, these results were con-
verted to the TPC as milligrams of Gallic acid equivalent 
per gram of dry extract (mg GAE/g) using Eq. (1) [27].

where C is TPC in mg/g, in GAE (Gallic acid equivalent), 
 C1 is the concentration of Gallic acid established from 
the calibration curve in mg/mL, V is the volume of the 
extract in mL, and m is the weight of the dry plant extract 
in g.

(1)C = C1 ×
V

m
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DPPH radical scavenging activity
The DPPH radical scavenging activity of the extracts 
was evaluated using the procedure described by Brand-
Williams with some  modifications [19]. A solution of 
101.44  µM DPPH was prepared by dissolving 0.01  g of 
DPPH in 25 mL methanol. Dilutions were made to obtain 
10, 20, 30, 40, 50, and 60  µM DPPH solutions. Each of 
these solutions was transferred to a cuvette and scanned 
over a wavelength range of 400–600 nm against the blank 
(methanol). The spectra and absorbance data were used 
to find the λmax and to establish the linear relationship 
between absorbance and concentration of the standards.

Determination of EC50
The stock solutions of the C. mollis resin extracts 
(1000  µg/mL) and l-ascorbic acid (800  µg/mL) were 
separately prepared in methanol. Then, a series of solu-
tions of 400, 350, 300, 250, 200, 150, 100, and 50 µg/mL 
were separately  prepared in triplicates from each stock 
solution. Afterward, 1 mL of each of these solutions was 
mixed with 2 mL of 40 µg/mL DPPH and shaken vigor-
ously. The control sample was also prepared by mixing 
1  mL of methanol with 2  mL of 40  µg/mL DPPH. The 
mixture was then incubated in dark for 60 min at room 
temperature. Eventually, the absorbance of the mixture 
was measured at λmax (517 nm). The exact concentration 
of DPPH in the reaction medium was calculated using 
the calibration curve equation and the remaining percent 
of DPPH was calculated by Eq. (2):

where  A0 is the absorbance of the DPPH solution without 
antioxidants and  As is the absorbance of the sample [28].

The obtained % of DPPH was plotted against the con-
centration of the samples to calculate  EC50 values.

Kinetics analysis
Kinetics of the DPPH radical scavenging activity of C. 
mollis resin  extracts and standard was studied by the 
previously reported method [20] with modification. 
Accordingly, an aliquot (1  mL) of a solution containing 
different concentrations of the sample or standard (250, 
100, and 50 µg/mL) was mixed with 2 mL of 101.44 µM 
DPPH solution. Similarly, a control sample (DPPH) was 
prepared by mixing 1  mL of methanol with 2  mL of 
101.44 µM DPPH. Then, the decrease in absorbance was 
measured at 517 nm, 2 min after the addition of DPPH 
and at regular intervals of 2 min for the first 15 min and, 
subsequently, every 5 min until the reaction approaches 
its steady state.

(2)% of remaining DPPH =
As

A0
× 100

The kinetics of the DPPH radical scavenging reaction 
depends on the concentrations of both reactants. So, the 
rate of reaction was defined as

where  k1 and  k2 represent the pseudo-first-order and sec-
ond-order rate constants, respectively.

In all cases, the initial concentration of antioxidants in 
the medium was lower than that of DPPH. This condition 
was fulfilled when some DPPH concentrations remained 
in the medium at the end of the reaction. Thus, the reac-
tion is pseudo-first-order to antioxidant groups in the 
tested samples which completely disappeared from the 
reaction medium according to Eq. (4).

where A is the scavenged concentration of DPPH at any 
time t,  A0 is the span of the reaction (the total amount 
of DPPH scavenged at a steady-state),  k1 is the apparent 
first-order rate constant, which describes the velocity 
of the disappearance of antioxidants from the reaction 
medium.

Finally,  k2 was determined from the initial concentra-
tion of DPPH according to Eq.  (4). In addition, half-life 
and steady-state  time  of the reaction was used to com-
pare the reactivity of the  tested samples. All the kinetic 
parameters were determined by fitting the obtained data 
using the Levenberg–Marquardt method [29] imple-
mented in Graph pad prism version 8.0.2 software.

Statistical analysis
All measurements were conducted in triplicates and the 
final results were reported as mean with the  standard 
deviation (mean ± SD). Statistical analysis was performed 
using Graph Pad Prism version 8.0.2. Analysis of vari-
ance (ANOVA) with Tukey’s multiple comparison test 
(P < 0.05) was performed to compare the mean values of 
the results.

Results and discussion
Extraction yield
The extraction step is crucial to isolate active compounds 
from plant materials and reduce interferents [30]. Metha-
nol, chloroform, and petroleum ether extracts of C. mol-
lis resin were prepared under the same conditions. The 
results showed that methanol yielded the highest extract-
able solids than other solvents. The yields of extractable 
solids were 53.00 ± 1.39, 46.56 ± 0.42, and 27.46 ± 0.48% 
for methanol, chloroform, and petroleum ether, respec-
tively, showing the dependence on the polarity of extrac-
tion solvents. Since plants can contain polar or non-polar 

(3)

−
d[DPPH]

dt
= k1[DPPH] = k2[DPPH][Antioxidant]

(4)A = A0e
−K1t
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compounds, the polarity of the extraction solvents plays a 
critical role in separation purposes [30].

Total phenolic contents
A group of compounds with similar chemical structures 
may show the same chemical interactions with a specific 
reagent during the reaction. The F–C assay is a reaction 
based on an ET from phenolic compounds and other 
oxidation substrates to the F–C reagent, phosphomo-
lybdic/phosphotungstic acid complexes  (H3PW12O40/
H3PMo12O40), resulting in blue complexes (possibly 
 (PMoW11O40)4–) which induce λmax at about 765  nm 
[23]. Deviation from the λmax can result from oxyreduc-
tion responses of the F–C reagent [25] and the com-
plex structural differences of polyphenols (antioxidants) 
occurring in plants [31]. This deviation could be capable 
of compromising the experimental responses by underes-
timating the quantitative data. Therefore, the absorption 
spectra of the C. mollis resin extracts was compared with 
that of the reference compound, Gallic acid. All the crude 
extracts show an approximately similar absorption spec-
trum as the reference compound (Fig. 1).

As can be seen from Fig. 1, the λmax lies between 700 
and 800 nm. Furthermore, Table 1, shows an insignifi-
cant change (coefficient of variation, CV ≤ 0.65%) in 
absorbance values in a range of 740 nm to 770 nm. In 
line with the standard method [22] and other preceding 
studies [25, 31, 32], a wavelength of 760 nm was chosen.

The optimal time for color development was deter-
mined using the selected wavelength. According to the 
reaction kinetics, the absorbance increased from 5 to 
30 min, for all samples tested, then remained steady for 
a while before progressively dropping (Fig.  2). Despite 
this, for Gallic acid, the absorbance was remark-
ably constant throughout the experiments from 30 
to 60  min (CV ≤ 0.25%). However, for C. mollis resin 
extracts, the optimal responses were observed between 
30 and 45 min (CV ≤ 0.65%).

TPC determination at steady-state improves the pre-
cision of analytical results. Conditions like high tem-
perature and alkali levels, accelerate color development 
and fading [22, 23]. Thus, studying reaction kinetics 
can provide useful information. Results of the current 
study demonstrated that 30  min of incubation time is 
required before measurement of the absorbance. The 
obtained findings were in agreement with previous 
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Fig. 1 Absorption spectra (400 to 900 nm) of the product of the 
reaction of F-C reagent with Gallic acid (50 µg/mL) and C. mollis resin 
extracts (200 µg/mL)

Table 1 The absorbance of solutions of Gallic acid and C. mollis extracts after 30 min of reaction with F–C reagent in a wavelength 
range of 740–770 nm

Sample Conc. (µg/mL) Absorbance at the wavelength (nm) of

740 745 750 755 760 765 770

Gallic acid 50 0.374 0.376 0.377 0.377 0.377 0.376 0.374

100 0.874 0.876 0.878 0.879 0.880 0.880 0.880

Chloroform extracts 200 0.302 0.302 0.302 0.302 0.300 0.299 0.297

400 0.460 0.461 0.461 0.461 0.461 0.460 0.459

Methanol extracts 200 0.325 0.326 0.325 0.324 0.323 0.322 0.319

400 0.482 0.483 0.483 0.483 0.483 0.482 0.481

Petroleum ether extracts 200 0.262 0.262 0.262 0.262 0.261 0.260 0.259

400 0.415 0.416 0.416 0.416 0.415 0.415 0.414
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Fig. 2 Change in absorbance with a reaction time of F-C reagent 
with Gallic acid and C. mollis resin extracts
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reports on optimization of the F–C method for the 
determination of TPC from plant extracts [25, 31].

To determine the TPC in the resin extracts, under the 
specified conditions, a calibration curve was constructed 
using Gallic acid calibration standards (0 to 150 µg/mL). 
The coefficient of determination  (R2) of the resulting 
calibration curve (y = 0.0082x + 0.0108) was 0.9997, sug-
gesting excellent linearity in the studied range of con-
centrations. The LOD and LOQ of the method were 2.41 
and 7.29 µg/mL, respectively. The TPC of C. mollis resin 
extracted by different solvents was calculated using the 
calibration curve equation and reported as mg GAE/g 
dry mass of the extract. The results for test samples at 
500 and 1000 µg/mL concentration is shown in Fig. 3.

Independent of the extract types, 500  µg/mL pro-
vided the higher amount of TPC, i.e. the TPC was 
168.27 ± 3.44, 137.43 ± 1.32, and 136.16 ± 0.42 mg GAE/g 
for methanol, chloroform, and petroleum ether extracts, 
respectively. At 1000 µg/mL, 112.44 ± 3.33, 73.91 ± 3.87, 
and, 71.94 ± 2.51 mg GAE/g were obtained for methanol, 
chloroform, and petroleum ether extracts, respectively. 
Apart from the position of λmax and optimal reaction 
time for color development, an excess of F–C reagent is 
recommended for the exhaustive reduction of phenolic 
antioxidants in the sample [22]. The obtained lower TPC 
in more concentrated samples could be due to an insuffi-
cient amount of the F–C reagent in the reaction medium. 
By varying concentrations of the extracts, enhanced 
responses could be observed.

TPC is one of the important parameters of total anti-
oxidant capacity (TAC) and is widely used for the evalu-
ation of the antioxidant properties of plants [21]. Since 
plants contain a diversity of phenolics and antioxidant 
substrates with different structures, molecular sizes, and 
polarities, the nature of extraction solvents can greatly 
affect their results [33]. In the present study, polar solvent 

(methanol) showed the highest TPC than non-polar sol-
vents (petroleum ether and chloroform). Besides, the 
TPC of petroleum ether and chloroform did not differ 
significantly (P > 0.05). In previous studies, methanol was 
also chosen for the extraction of phenolic contents from 
different plant samples [34–36]. This indicates better sol-
ubility of these compounds in polar solvents. Generally, 
the findings demonstrated that C. mollis resin contains a 
high amount of TPC. Such high TPC in plants has a cor-
relation with different pharmacological effects [21].

DPPH radical scavenging activity
The ability of antioxidants to reduce the DPPH radical 
concentration in the reaction medium is assessed spec-
trophotometrically by monitoring the drop in absorb-
ance at a characteristic wavelength [17]. As a result, the 
maximum absorption wavelength, as well as the linear-
ity of the instrumental response to DPPH concentration, 
had to be determined. According to the findings, the 
maximum absorption was found at 517 nm (Fig. 4a). In 
addition, a linear relationship was established between 
DPPH radical concentration and measured absorbance at 
517 nm (Fig. 4b).

DPPH is one of the free radicals widely used for test-
ing the preliminary antioxidant activity of plant extracts. 
The decrease in absorbance of DPPH solution is pro-
portional to the antioxidant concentration [19]. In this 
study, a DPPH radical scavenging capacity increased 
with increasing concentrations of extracts. Methanol 
extract of C. mollis resin, displayed the highest DPPH 
radical scavenging activity at most of the tested concen-
trations levels (Fig. 5). When 400 µg/mL extract of each 
solvent: methanol, chloroform, and petroleum ether were 
reacted with DPPH 59.43 ± 0.37%, 55.95 ± 1.41%, and 
56.52 ± 0.90% of the initial concentration of DPPH were 
scavenged, respectively. An equal concentration of the 
ascorbic acid scavenged 96.39 ± 0.03% of the initial con-
centration of DPPH.

The effective concentration that causes a decrease 
in the initial DPPH concentration by 50% is defined as 
 EC50. The substance with lower  EC50 is considered to 
exhibit significant antioxidant activity [19]. The  EC50 
values of C. mollis resin extracts were 295.03 ± 3.55, 
342.75 ± 9.72, and 353.69 ± 7.30  µg/mL for methanol, 
chloroform, and petroleum ether extracts, respectively. 
These results revealed that methanol extract has the 
highest antioxidant activity than chloroform and petro-
leum ether extracts, but has lower antioxidant activity 
compared to the ascorbic acid  (EC50 = 44.72 ± 0.48 µg/
mL). Besides, statistical analysis showed that  EC50 
values of chloroform and petroleum ether extracts 
were not significantly different (P > 0.05). These out-
comes demonstrated that polar solvent (methanol) is 
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Fig. 3 TPC of C. mollis resin extracted using the different solvents. 
Values followed by different letters are significantly different (ANOVA 
with Tukey’s test, n (instrumental × sample replicate) = 9, p < 0.05)
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more effective for the extraction of antioxidants than 
non-polar solvents (chloroform and petroleum ether). 
Moreover, a similar pattern was observed for TPC. That 
means methanol extract contained the highest amount 
of TPC compared to the other two solvents. Previ-
ous studies also demonstrated a positive relationship 
between the DPPH and F–C assays [34–37].

Compared to resins of other Commiphora spe-
cies, methanol extract of C. mollis exhibited greater 
DPPH inhibition effects. For instances, C. myrrh resin 
extracts obtained by various solvents demonstrated 
different DPPH inhibition effects (methanol extract, 
 EC50 = 320 µg/mL; ethyl acetate extract,  EC50 = 930 µg/
mL, essential oil,  EC50 = 11,330  µg/mL) [12]. Hexane 
extract of C. erythrea resin exhibited  EC50 > 3000  µg/
mL [8].

Kinetics analysis
The kinetics of the DPPH radical scavenging reaction 
of  the standard (l-ascorbic acid) and C. mollis resin 
extracts was studied as a function of time. Throughout 
the experiment, the absorbance of the control sample was 
monitored to ensure that the DPPH radical remained sta-
ble in the reaction medium. Figure 6 illustrates the DPPH 
radical scavenging profile for the tested samples. The dif-
ferences in the manner of loss of DPPH with time can be 
marked by the difference in the shapes of reaction curves.

The radical  (DPPH⋅) is reduced via HAT, ET, or a com-
bination of the two mechanisms. The HAT reaction is a 
direct abstraction of H-atom from the antioxidant, RH by 
the free radical,  DPPH⋅ (Eq. 5) [17]. This reaction is gov-
erned by the hydrogen bond dissociation enthalpy (BDE) 
of the compound.

In the ET reaction, an electron is transferred from ionic 
intermediate to  DPPH·. The following reactions (Eqs. 6–
8) show the ET mechanism in an H-bond-accepting sol-
vent (S) [17].

The ET reaction in polar solvents like methanol, which 
is often used in the DPPH assay, follows a sequential 
proton-loss electron transfer (SPLET) steps [17]. The 
reaction is dependent on the de-protonation ability and 
ionization potential (IP) of the antioxidants [38].

The kinetics of the reaction also depends on the rela-
tive concentrations of DPPH and antioxidants [28]. The 

(5)RH+ DPPH·
→ R·

+ DPPHH

(6)RH+ S → R−
+ SH

(7)R−
+ SH+ DPPH·

→ R·
+ DPPH−

+ SH

(8)DPPH−
+ SH → DPPHH+ S
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of three means (n = 3)
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reactions followed the pseudo-first-order because the 
concentration of DPPH was higher than that of the sam-
ples. Table 2 summarizes the concentration of unreacted 
DPPH at the steady-state, reaction half-life and steady-
state time, and rate constants. According to the results, 
the amount of DPPH removed from the medium was 
proportional to the concentration of the samples. In 
comparison to l-ascorbic acid the C. mollis resin extracts 

scavenged a smaller quantity of the free radical. At the 
same concentration, the amount of DPPH that remained 
at a steady state for C. mollis resin extracts was close 
(CV < 2.25%), but the kinetic variables were different.

The half-life  (t1/2) indicates the time it takes for anti-
oxidants to reach half of their total radical scavenging 
activity. This value was less than 3  min for methanol 
extracts while it ranges from 4 to 8 min for chloroform 
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Fig. 6 Kinetics analysis of DPPH radical scavenging reaction of (a) methanol,  (b) chloroform, and (c) petroleum ether extracts of C. mollis resin and 
(d) l-ascorbic acid. The graphs were plotted as the remaining concentration of DPPH,  ([DPPH]r) versus time

Table 2 Kinetic data of DPPH radical scavenging activity of ascorbic acid and C. mollis extracts at different concentrations

Sample Concentration (µg/mL) Half-life,  t1/2 (min) Steady-state 
time(min)

k2(M−1  s−1) Remaining [DPPH] 
at a steady-state

Methanol extract 250 0.99 16.53 115.08 56.98

100 1.31 21.94 87.13 73.4

50 2.13 28.04 53.28 84.4

Chloroform extract 250 4.57 63.49 24.51 57.77

100 6.40 94.58 17.94 71.88

50 7.63 129.58 14.96 84.61

Petroleum ether extract 250 4.85 66.97 23.39 55.30

100 6.65 96.34 17.04 74.92

50 7.66 112.93 14.68 86.50

Ascorbic acid 250 0.60 10.02 189.18 6.43

100 0.70 13.15 162.41 13.06

50 1.04 15.82 109.80 17.05
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and petroleum ether extracts. The steady-state reaction 
time also indicated maximum radical scavenging activity 
of  the methanol extracts, i.e., the reaction was completed 
within 16–29 min depending on the concentration of test 
samples. For the other two extracts, it took more than 1 h 
to reach the plateau indicating their slow radical scaveng-
ing potentials (Table 2).

Compounds with maximum rate constant  (k2) are con-
sidered to be efficient radical scavenging agents [20]. As 
can be seen in Table  2, the values of  k2 were the high-
est for ascorbic acid showing its superior antiradical 
efficiency. Regarding C. mollis resin extracts, methanol 
extracts have maximum  k2 values indicating that it is 
more reactive to the DPPH radical than chloroform and 
petroleum ether extracts. The kinetic profiles of these 
two extracts revealed that the reaction is relatively rapid 
in the initial minutes and slowly declined over a longer 
time (Fig. 6).

Rate constants refer to the ability of electron-or-hydro-
gen atom donation of antioxidant groups in the tested 
samples. Generally, the reactivity and mechanism of 
radical scavenging depend on the solvent polarity and 
H-bond strength, concentration, and other structural fea-
tures of antioxidants such as the presence of oxygen, an 
aromatic ring, or conjugated double bonds [39, 40]. The 
ET reaction may be slower than the HAT due to the time 
required for the reaction to complete and for the solvent 
to stabilize [38].

Plant extracts could contain a combination of antioxi-
dants with differing reactivity to the DPPH radical. Previ-
ous studies have shown that the antioxidant activities of 
terpenoid groups such as sesquiterpenoids, triterpenoids, 
furanosesquiterpenoids, and sterols are responsible for 
the DPPH radical scavenging effect of  Commiphora trees 
resins. Demonstration on a kinetic model of DPPH radi-
cal scavenging activity of common terpenoids [39], which 
were also detected in Commiphora trees resins [7–9, 
12] showed that monoterpenes with conjugated double 
bonds such as myrcene and γ-terpinene exhibited rapid 
kinetic behavior due to electron delocalization capac-
ity on their conjugated double bonds (π bond). Terpenes 
without conjugated double bonds displayed slower DPPH 
radical scavenging behavior [39].

Phenolic compounds are considered to be extremely 
important among plant-based antioxidants. Phenolic 
antioxidants are found in stem and leaves of C. mol-
lis [15, 16]. A study on C. wightii resin indicated feru-
lates to be responsible for its DPPH radical scavenging 
activity [13]. According to Villaño et  al. [20], phenolic 
antioxidants can exert rapid initial depletion of DPPH 
due to a fast abstraction of H-atom, the followed slow 
decay was ascribed to the termination step which could 
be slower as the radical–radical interaction is sterically 

hindered. Since plant extracts could constitute a mix-
ture of antioxidants with differing reactivity, different 
kinetic behavior is possible.

Conclusion
The TPC and antioxidant activity of methanol, chlo-
roform, and petroleum ether extracts  of C. mollis 
resin  were investigated. Methanol extract showed the 
highest extraction yield, TPC and DPPH radical scav-
enging activity. The TPC was determined at 760  nm, 
after interaction of the extracts with the F–C reagent 
for 30 to 40 min. Regardless of the type of extracts, the 
response was maximum for 500 µg/mL sample solution 
as compared to 1000  µg/mL, underlining the effect of 
sample to F–C reagent concentration ratio on the TPC. 
This ensured the exhaustive reduction of phenolic anti-
oxidants in the test samples. Determination of the  EC50, 
at 60 min of reactions, and kinetics of the DPPH radical 
scavenging reactions demonstrated the maximum anti-
oxidant activity of methanol extract. It was also observed 
that the remaining concentration of the DPPH at a 
steady-state differed slightly for the three extracts. Nev-
ertheless, the kinetics analysis demonstrated the supe-
rior effect of methanol extract as evidenced by the larger 
 k2 values which were closer to that of l-ascorbic acid. 
This implies the importance of kinetic analysis in DPPH 
assay. Results further revealed the positive correlation 
between TPC and antioxidant activity. Methanol extract 
showed the highest TPC and the DPPH radical scaveng-
ing activity than other two extracts which showed simi-
lar effects. For a better understanding, further in  vitro 
and in vivo studies supported by isolation and structure 
elucidation of individual component compounds are 
recommended.

Abbreviations
% [DPPH]r: Percent of DPPH concentration remained; ANOVA: Analysis of vari-
ance; CV: Coefficient of variation; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; EC50: 
Amount of antioxidant necessary to decrease the initial DPPH concentration 
by 50%; ET: Electron transfer; F–C: Folin–Ciocalteu; HAT: Hydrogen atom trans-
fer; LOD: Limit of detection; LOQ: Limit of quantitation; mg GAE/g: Milligrams 
of gallic acid equivalent per gram; SPLET: Sequential proton-loss electron 
transfer; TAC : Total antioxidant capacity; TPC: Total phenolic content; UV–Vis: 
Ultraviolet–visible.

Acknowledgements
The authors gratefully acknowledge the financial and material support pro-
vided by the School of Graduate Studies and Department of Chemistry, Jimma 
University, Ethiopia.

Author contributions
All the authors made significant contributions to the manuscript and agree 
to its publication. GJM and AG designed the research topic; AG and NA 
supervised the experimental works and contributed in reviewing the draft 
of the manuscript. GJM carried out the experimental works and wrote the 
manuscript. All authors read and approved the final manuscript.



Page 10 of 11Molole et al. BMC Chemistry           (2022) 16:48 

Funding
This research was funded by Jimma University.

Availability of data and materials
The datasets generated and/or analyzed during the current study are included 
in the manuscript. Moreover, the datasets used to generate figures and results 
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Permissions were obtained to collect C. mollis resin samples from the public 
land in Gorile district, Borana Zone, Oromia regional state, Ethiopia. All meth-
ods were carried out following relevant guidelines and regulations. The plant 
material was identified by Botanist (Dr. Dereje Denu) and the voucher speci-
men, CH8-JUH has been stored in Jimma University Herbarium.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 January 2022   Accepted: 13 June 2022

References
 1. Salehi B, Azzini E, Zucca P, Maria Varoni E, V. Anil Kumar N, Dini L, Panzarini 

E, Rajkovic J, ValereTsouhFokou P, Peluso I, et al. Plant-derived bioactives 
and oxidative stress-related disorders: a key trend towards healthy aging 
and longevity promotion. Appl Sci. 2020;10(3):947. https:// doi. org/ 10. 
3390/ app10 030947.

 2. Velasco J, Dobarganes C, Márquez-Ruiz G. Oxidative rancidity in foods 
and food quality. In: Chemical deterioration and physical instability of 
food and beverages. Amsterdam: Elsevier; 2010. p. 3–32. https:// doi. org/ 
10. 1533/ 97818 45699 260.1.3.

 3. Lourenço SC, Moldão-Martins M, Alves VD. Antioxidants of natural 
plant origins: from sources to food industry applications. Molecules. 
2019;24(22):4132. https:// doi. org/ 10. 3390/ molec ules2 42241 32.

 4. Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and func-
tional foods: impact on human health. Pharmacogn Rev. 2010;4(8):118–
26. https:// doi. org/ 10. 4103/ 0973- 7847. 70902.

 5. Kumar Y, Yadav DN, Ahmad T, Narsaiah K. Recent trends in the use of 
natural antioxidants for meat and meat products. Compr Rev Food Sci 
Food Saf. 2015;14(6):796–812. https:// doi. org/ 10. 1111/ 1541- 4337. 12156.

 6. Xu X, Liu A, Hu S, Ares I, Martínez-Larrañaga M-R, Wang X, Martínez M, 
Anadón A, Martínez M-A. Synthetic phenolic antioxidants: metabolism, 
hazards and mechanism of action. Food Chem. 2021;353:129488. https:// 
doi. org/ 10. 1016/j. foodc hem. 2021. 129488.

 7. Shen T, Li G-H, Wang X-N, Lou H-X. The genus Commiphora: a review of its 
traditional uses, phytochemistry and pharmacology. J Ethnopharmacol. 
2012;142(2):319–30. https:// doi. org/ 10. 1016/j. jep. 2012. 05. 025.

 8. Fraternale D, Sosa S, Ricci D, Genovese S, Messina F, Tomasini S, Montanari 
F, Marcotullio MC. Anti-Inflammatory, antioxidant and antifungal fura-
nosesquiterpenoids isolated from Commiphora erythraea (Ehrenb.) Engl. 
resin. Fitoterapia. 2011;82(4):654–61. https:// doi. org/ 10. 1016/j. fitote. 2011. 
02. 002.

 9. Alqahtani AS, Noman OM, Rehman MdT, Siddiqui NA, Alajmi MF, Nasr FA, 
Shahat AA, Alam P. The influence of variations of furanosesquiterpenoids 
content of commercial samples of myrrh on their biological properties. 
Saudi Pharm J. 2019;27(7):981–9. https:// doi. org/ 10. 1016/j. jsps. 2019. 07. 
007.

 10. Bellamkonda R, Rasineni K, Singareddy SR, Kasetti RB, Pasurla R, Chippada 
AR, Desireddy S. Antihyperglycemic and antioxidant activities of alcoholic 
extract of Commiphora mukul gum resin in streptozotocin induced 
diabetic rats. Pathophysiol Off J Int Soc Pathophysiol. 2011;18(4):255–61. 
https:// doi. org/ 10. 1016/j. patho phys. 2010. 10. 002.

 11. Boffa L, Binello A, Boscaro V, Gallicchio M, Amisano G, Fornasero S, 
Cravotto G. Commiphora myrrha (Nees) Engl. extracts: evaluation of anti-
oxidant and antiproliferative activity and their ability to reduce microbial 
growth on fresh-cut salad. Int J Food Sci Technol. 2016;51(3):625–32. 
https:// doi. org/ 10. 1111/ ijfs. 13018.

 12. Mohamed AA, Ali SI, El-Baz FK, Hegazy AK, Kord MA. Chemical composi-
tion of essential oil and in vitro antioxidant and antimicrobial activities of 
crude extracts of Commiphora myrrha resin. Ind Crops Prod. 2014;57:10–6. 
https:// doi. org/ 10. 1016/j. indcr op. 2014. 03. 017.

 13. Zhu N, Rafi MM, DiPaola RS, Xin J, Chin CK, Badmaev V, Ghai G, Rosen RT, 
Ho CT. Bioactive constituents from gum guggul (Commiphora wightii). 
Phytochemistry. 2001;56(7):723–7. https:// doi. org/ 10. 1016/ s0031- 
9422(00) 00485-4.

 14. Cenci E, Messina F, Rossi E, Epifano F, Marcotullio MC. Antiviral fura-
nosesquiterpenes from Commiphora erythraea. Nat Prod Commun. 
2012;7(2):143–4.

 15. Huang Z, Hashida K, Makino R, Ohara S, Amartey S, Gillah PR. Flavonoids 
with antifungal activity from heartwood of Tanzanian wood species: 
Commiphora mollis (Burseraceae). Int Wood Prod J. 2010;1(2):93–5. 
https:// doi. org/ 10. 1179/ 20426 45310Y. 00000 00008.

 16. Hassan HS, Yau J, Abubakar J, Ahmadu AA. Phytochemical, analgesic and 
anti-inflammatory studies of the methanol leaf extract of Commiphora 
mollis (Oliv.) Engl. (Burseraceae). Niger J Pharm Res. 2017;13:137–46.

 17. Amorati R, Valgimigli L. Advantages and limitations of common testing 
methods for antioxidants. Free Radic Res. 2015;49(5):633–49. https:// doi. 
org/ 10. 3109/ 10715 762. 2014. 996146.

 18. Gulcin İ. Antioxidants and antioxidant methods: an updated over-
view. Arch Toxicol. 2020;94(3):651–715. https:// doi. org/ 10. 1007/ 
s00204- 020- 02689-3.

 19. Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical method to 
evaluate antioxidant activity. LWT-Food Sci Technol. 1995;28(1):25–30. 
https:// doi. org/ 10. 1016/ S0023- 6438(95) 80008-5.

 20. Villaño D, Fernández-Pachón MS, Moyá ML, Troncoso AM, García-Parrilla 
MC. radical scavenging ability of polyphenolic compounds towards 
DPPH free radical. Talanta. 2007;71(1):230–5. https:// doi. org/ 10. 1016/j. 
talan ta. 2006. 03. 050.

 21. Lamuela-Raventós RM. Folin–Ciocalteu method for the measurement 
of total phenolic content and antioxidant capacity. In: Measurement of 
antioxidant activity & capacity. New York: Wiley; 2018. p. 107–15. https:// 
doi. org/ 10. 1002/ 97811 19135 388. ch6.

 22. Singleton VL, Orthofer R, Lamuela-Raventós RM. [14] Analysis of total phe-
nols and other oxidation substrates and antioxidants by means of Folin-
Ciocalteu reagent. In: Methods in enzymology; oxidants and antioxidants 
Part A, vol. 299. London: Academic Press; 1999. p. 152–78. https:// doi. org/ 
10. 1016/ S0076- 6879(99) 99017-1.

 23. Ainsworth EA, Gillespie KM. Estimation of total phenolic content and 
other oxidation substrates in plant tissues using Folin–Ciocalteu reagent. 
Nat Protoc. 2007;2(4):875–7. https:// doi. org/ 10. 1038/ nprot. 2007. 102.

 24. Adusei S, Otchere JK, Oteng P, Mensah RQ, Tei-Mensah E. Phytochemi-
cal analysis, antioxidant and metal chelating capacity of Tetrapleura 
tetraptera. Heliyon. 2019;5(11):e02762. https:// doi. org/ 10. 1016/j. heliy on. 
2019. e02762.

 25. Galvão MAM, de Arruda AO, Bezerra ICF, Ferreira MRA, Soares LAL. Evalua-
tion of the Folin–Ciocalteu method and quantification of total tannins in 
stem barks and pods from Libidibia ferrea (Mart. Ex Tul) L. P. Queiroz. Braz 
Arch Biol Technol. 2018. https:// doi. org/ 10. 1590/ 1678- 4324- 20181 70586.

 26. International conference on harmonisation of technical requirements for 
registration of pharmaceuticals for human use. In: Tietje C, Brouder A, edi-
tors. Handbook of transnational economic governance regimes. Leiden: 
Brill|Nijhoff; 2010. p. 1041–1053 https:// doi. org/ 10. 1163/ ej. 97890 04163 
300.i- 1081. 897.

 27. Siddiqui N, Rauf A, Latif A, Mahmood Z. Spectrophotometric determina-
tion of the total phenolic content, spectral and fluorescence study of the 
herbal Unani drug Gul-e-Zoofa (Nepeta bracteata Benth). J Taibah Univ 
Med Sci. 2017;12(4):360–3. https:// doi. org/ 10. 1016/j. jtumed. 2016. 11. 006.

 28. Fadda A, Serra M, Molinu MG, Azara E, Barberis A, Sanna D. Reaction 
time and DPPH concentration influence antioxidant activity and kinetic 
parameters of bioactive molecules and plant extracts in the reaction with 
the DPPH radical. J Food Compos Anal. 2014;35(2):112–9. https:// doi. org/ 
10. 1016/j. jfca. 2014. 06. 006.

https://doi.org/10.3390/app10030947
https://doi.org/10.3390/app10030947
https://doi.org/10.1533/9781845699260.1.3
https://doi.org/10.1533/9781845699260.1.3
https://doi.org/10.3390/molecules24224132
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1111/1541-4337.12156
https://doi.org/10.1016/j.foodchem.2021.129488
https://doi.org/10.1016/j.foodchem.2021.129488
https://doi.org/10.1016/j.jep.2012.05.025
https://doi.org/10.1016/j.fitote.2011.02.002
https://doi.org/10.1016/j.fitote.2011.02.002
https://doi.org/10.1016/j.jsps.2019.07.007
https://doi.org/10.1016/j.jsps.2019.07.007
https://doi.org/10.1016/j.pathophys.2010.10.002
https://doi.org/10.1111/ijfs.13018
https://doi.org/10.1016/j.indcrop.2014.03.017
https://doi.org/10.1016/s0031-9422(00)00485-4
https://doi.org/10.1016/s0031-9422(00)00485-4
https://doi.org/10.1179/2042645310Y.0000000008
https://doi.org/10.3109/10715762.2014.996146
https://doi.org/10.3109/10715762.2014.996146
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.talanta.2006.03.050
https://doi.org/10.1016/j.talanta.2006.03.050
https://doi.org/10.1002/9781119135388.ch6
https://doi.org/10.1002/9781119135388.ch6
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1038/nprot.2007.102
https://doi.org/10.1016/j.heliyon.2019.e02762
https://doi.org/10.1016/j.heliyon.2019.e02762
https://doi.org/10.1590/1678-4324-2018170586
https://doi.org/10.1163/ej.9789004163300.i-1081.897
https://doi.org/10.1163/ej.9789004163300.i-1081.897
https://doi.org/10.1016/j.jtumed.2016.11.006
https://doi.org/10.1016/j.jfca.2014.06.006
https://doi.org/10.1016/j.jfca.2014.06.006


Page 11 of 11Molole et al. BMC Chemistry           (2022) 16:48  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 29. Marquardt DW. An algorithm for least-squares estimation of nonlinear 
parameters. J Soc Ind Appl Math. 1963;11(2):431–41.

 30. Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH, Soetaredjo FE, 
Ismadji S, Ju Y-H. Effect of extraction solvent on total phenol content, 
total flavonoid content, and antioxidant activity of Limnophila aromatica. 
J Food Drug Anal. 2014;22(3):296–302. https:// doi. org/ 10. 1016/j. jfda. 2013. 
11. 001.

 31. Blainski A, Lopes GC, de Mello JCP. Application and analysis of the Folin 
Ciocalteu method for the determination of the total phenolic content 
from Limonium brasiliense L. Molecules. 2013;18(6):6852–65. https:// doi. 
org/ 10. 3390/ molec ules1 80668 52.

 32. Hudz N, Yezerska O, Shanaida M, Sedláčková VH, Wieczorek PP. Applica-
tion of the Folin–Ciocalteu method to the evaluation of salvia sclarea 
extracts. Pharmacia. 2019;66(4):209–15. https:// doi. org/ 10. 3897/ pharm 
acia. 66. e38976.

 33. Xu D-P, Li Y, Meng X, Zhou T, Zhou Y, Zheng J, Zhang J-J, Li H-B. Natural 
antioxidants in foods and medicinal plants: extraction, assessment and 
resources. Int J Mol Sci. 2017;18(1):E96. https:// doi. org/ 10. 3390/ ijms1 
80100 96.

 34. Iloki-Assanga SB, Lewis-Luján LM, Lara-Espinoza CL, Gil-Salido AA, 
Fernandez-Angulo D, Rubio-Pino JL, Haines DD. Solvent effects on 
phytochemical constituent profiles and antioxidant activities, using four 
different extraction formulations for analysis of Bucida buceras L. and 
Phoradendron californicum. BMC Res Notes. 2015;8:396. https:// doi. org/ 10. 
1186/ s13104- 015- 1388-1.

 35. Babbar N, Oberoi HS, Sandhu SK, Bhargav VK. Influence of different sol-
vents in extraction of phenolic compounds from vegetable residues and 
their evaluation as natural sources of antioxidants. J Food Sci Technol. 
2014;51(10):2568–75. https:// doi. org/ 10. 1007/ s13197- 012- 0754-4.

 36. Najafabad A, Jamei R. Free radical scavenging capacity and antioxi-
dant activity of methanolic and ethanolic extracts of plum (Prunus 
domestica L.) in both fresh and dried samples. Avicenna J Phytomed. 
2014;4(5):343–53.

 37. Aksoy L, Kolay E, Ağılönü Y, Aslan Z, Kargıoğlu M. Free radical scavenging 
activity, total phenolic content, total antioxidant status, and total oxidant 
status of endemic Thermopsis turcica. Saudi J Biol Sci. 2013;20(3):235–9. 
https:// doi. org/ 10. 1016/j. sjbs. 2013. 02. 003.

 38. Siddeeg A, AlKehayez NM, Abu-Hiamed HA, Al-Sanea EA, Al-Farga AM. 
Mode of action and determination of antioxidant activity in the dietary 
sources: an overview. Saudi J Biol Sci. 2021;28(3):1633–44. https:// doi. org/ 
10. 1016/j. sjbs. 2020. 11. 064.

 39. Wojtunik KA, Ciesla LM, Waksmundzka-Hajnos M. Model studies on the 
antioxidant activity of common terpenoid constituents of essential oils 
by means of the 2,2-diphenyl-1-picrylhydrazyl method. J Agric Food 
Chem. 2014;62(37):9088–94. https:// doi. org/ 10. 1021/ jf502 857s.

 40. Bendary E, Francis RR, Ali HMG, Sarwat MI, Hady SE. Antioxidant and 
structure-activity relationships (SARs) of some phenolic and anilines 
compounds. Ann Agric Sci. 2013;58(2):173–81. https:// doi. org/ 10. 1016/j. 
aoas. 2013. 07. 002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jfda.2013.11.001
https://doi.org/10.1016/j.jfda.2013.11.001
https://doi.org/10.3390/molecules18066852
https://doi.org/10.3390/molecules18066852
https://doi.org/10.3897/pharmacia.66.e38976
https://doi.org/10.3897/pharmacia.66.e38976
https://doi.org/10.3390/ijms18010096
https://doi.org/10.3390/ijms18010096
https://doi.org/10.1186/s13104-015-1388-1
https://doi.org/10.1186/s13104-015-1388-1
https://doi.org/10.1007/s13197-012-0754-4
https://doi.org/10.1016/j.sjbs.2013.02.003
https://doi.org/10.1016/j.sjbs.2020.11.064
https://doi.org/10.1016/j.sjbs.2020.11.064
https://doi.org/10.1021/jf502857s
https://doi.org/10.1016/j.aoas.2013.07.002
https://doi.org/10.1016/j.aoas.2013.07.002



