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ABSTRACT

Plant polyphenols have always attracted the attention of researchers with their excellent biological activity
potentials. In this study, roots, leaves and seeds of Draba cemileae (Karaer) were evaluated for their chemical
compositions and biological activities. Spectrophotometric analysis showed that phenolics and flavonoids
were present in high quantities in leaf and seed extracts (22.84 mg GAEs/g and 23.32 mg REs/g, respectively).
Chromatographic analysis showed that the p-hydroxybenzoic acid and chlorogenic acid contents of the
extracts were significantly high. The seed extract also contained 550 mg/g of rosmarinic acid. While the leaf
extract showed high activity in phosphomolybdenum, CUPRAC, FRAP and ferrous ion chelating activity tests
(0.88, 2.23, 1.73 and 3.68 mg/ml, respectively), DPPH and ABTS scavenging activity tests resulted in the supe-
riority of the seed extract (3.75 and 2.53 mg/ml, respectively). The leaf extract also showed the highest activ-
ity in o-amylase and tyrosinase inhibitory activity tests (1.78 and 4.99 mg/ml, respectively). On the other
hand, the seed extract exhibited higher activity than the others in a-glucosidase, AChE and BChE inhibitory
activity tests (7.14, 1.13 and 5.11 mg/ml, respectively). Correlation coefficients between the composition and
the biological activities were over 0.9. It was concluded that D. cemileae could be a new and effective source

of antioxidant and enzyme inhibitory phytochemicals in medicine, food and cosmetics industries.

© 2021 SAAB. Published by Elsevier B.V. All rights reserved.

1. Introduction

Plant polyphenols are compounds containing hydroxyl groups
attached to aromatic rings in their structure (Zhou et al., 2019). It is
estimated that the number of plant polyphenols identified so far,
including those that can be consumed, is several thousand (Sta-
gos, 2020). Plants have been the richest source of exogenous antioxi-
dant compounds for many years. Authorities claim that almost two-
thirds of the plant species distributed on the world have various bio-
logical/pharmacological activities and almost all of them contain
strong antioxidant compounds (Krishnaiah et al., 2011). After the dis-
covery of ascorbic acid, the first exogenous antioxidant compound,
plants were relied upon for the treatment of many diseases caused
by increased oxidative stress (Boo, 2019; Burgos-Mordn et al., 2019;
Pawlowska et al., 2019). Many researchers agree that polyphenols
can be used as antioxidants in the treatment of diseases caused by
oxidative stress (Jin et al., 2018). Therefore, plant-derived antioxi-
dants are a promising source of reference to combat the problems
caused by oxidative stress (Jin et al., 2018; Kasote et al., 2015).
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Diabetes is a chronic disease that occurs due to inadequate carbo-
hydrate metabolism or impairment of cell surface receptors. The high
level of glucose in the blood causes many health problems
(Mathers and Loncar, 2006; Shaw et al., 2010). The enzymes responsi-
ble for metabolizing polysaccharides or disaccharides in the body are
o-amylase and o-glucosidase. Inhibiting these enzymes to slow
down carbohydrate metabolism is one of the important strategies in
the treatment of diabetes (Azad et al., 2017; Kim et al., 2000;
Ramasubbu et al.,, 1996; Zhen et al., 2017). Today, some synthetic
enzyme inhibitors are used to reduce the blood glucose level. How-
ever, these substances cause some side effects such as edema, hypo-
glycemia, excessive weight gain, anemia, gastrointestinal disorders
and lactic acidosis (Magaji et al., 2020). Therefore, researchers also
focused on plants to discover new and alternative -amylase and
a-glucosidase inhibitors to treat diabetes.

In addition to the therapeutic properties mentioned above, phyto-
chemicals also exhibit promising activities for the treatment of disor-
ders in the cholinergic system. It has been determined that the
metabolic activity of cholinesterases (ChEs) is closely related to the
pathology of various neurological diseases, especially Alzheimer’s
disease (AD). Especially in AD, high ChE activity contributes to the
increase of amyloid plaque aggregation as well as slowing down neu-
ral conduction. Symptoms such as memory loss, irreversible
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neurological tissue degeneration, inability to perform daily vital
activities are frequently seen in AD (Choubdar et al.,, 2019; Vick-
ers, 2017). Today, the most effective approach in the treatment of AD
is the use of cholinesterase inhibitors (donepezil, galantamine, riva-
stigmine) (Ahmad et al, 2019; Yiannopoulou and Papageor-
giou, 2020). Despite being clinically effective, these compounds have
been reported to have common side effects such as diarrhea, nausea,
and vomiting. Therefore, researchers have focused on the develop-
ment or isolation of new phytochemicals (Cheenpracha et al., 2016;
Garcia et al, 2015; Kietczewska et al, 2021; Liu et al, 2017,
Mohebbi et al., 2018; Richmond et al., 2013).

Tyrosinase is a critical enzyme that converts monophenols to diphe-
nols and then to melanin through o-quinone oxidation (Tian et al.,
2019; Yu et al., 2019). Melanin is a pigment found in the skin of organ-
isms that acts as a filter against UV rays. However, if it is synthesized
excessively, freckles and age spots occur on the skin. Overexpression of
melanin synthesis has also been reported to be associated with mela-
noma (Chang, 2009). Polyphenol oxidases, which are structurally similar
to tyrosinase, cause browning in fruits and vegetables. Browning leads
to deterioration of quality and taste in these foods (Brotzman et al.,
2019; Chang, 2009). Inhibition of tyrosinase is one of the most rational
solutions in the treatment of skin diseases due to abnormal melanin
synthesis in medicine, in the preparation of skin whitening preparations
in the cosmetics industry and in the prevention of browning in the food
industry. Today, there are some synthetic substances used as tyrosinase
inhibitors. However, natural tyrosinase inhibitors are more preferred on
the grounds that their biocompatibility capacity is higher and they are
sustainable. For this reason, researchers are investigating plant species
for the discovery of new and effective tyrosinase inhibitors (Wang et al.,
2020; Zolghadri et al., 2019).

In this study, roots, leaves and seeds of Draba cemileae (Karaer) were
evaluated for their chemical compositions and biological activities. In
addition to spectrophotometric and chromatographic analysis, total
antioxidant activities of the extracts based on their chlorogenic acid
equivalents (CAEs) of total phenolic and flavonoid contents were deter-
mined by performing square wave stripping voltammetry (SWSV) on
multi-walled carbon nanotube paste electrode (MWCNTPE).

2. Materials and methods
2.1. Plant material and extract preparation

D. cemileae was collected from Tamzara village, Sebinkarahisar, Gire-
sun-Turkey on 14 June 2020 (1348 m, 40° 20’ 47.67"N 38° 26’ 32.62"E),
authenticated by Dr. Mustafa Cuce, and deposited (Herbarium number:
KTUB, CUCE & GULTEPE 796) at the Department of Biology, Karadeniz
Technical University (Trabzon-Turkey). The plant was firstly divided
into different parts (roots, leaves, and seeds), air-dried in the shade for
several weeks, and then ground using a laboratory mill.

Air-dried samples (2 g) were individually extracted with 40 ml of
methanol for 30 min in a sonication bath (30 °C). The extracts were
filtered and then concentrated. They were stored at +4 °C.

2.2. Determination of the phenolic compositions of the extracts

Details of the spectrophotometric (Zengin et al., 2015a) and chro-
matographic (Movahhedin et al., 2016) methods were given in sup-
plementary file. All details regarding the SWSV analysis
(Demir, 2019) applied for the determination of the total antioxidant
activity of the extracts in terms of chlorogenic acid equivalent were
also specified in the supplementary file.

2.3. Biological activity

Details of the biological activity tests (antioxidant capacity and
enzyme inhibitory activities) can be found in supplementary file
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(Apak et al., 2006; Kocak et al., 2016; Ozer et al., 2018; Tepe et al.,
2011; Zengin et al., 2015a, 2015b).

2.4. Statistical analysis

Details of the statistical analysis applied to the data obtained from
the biological activity tests were given in the supplementary file.

3. Results and discussion
3.1. Chemical composition

The yields of the MeOH extracts obtained from the roots, leaves
and seeds of D. cemileae were given in Table 1. According to the data
in the table, the highest yield belonged to root extract (11.9%). It was
followed by the seed and leaf extracts, respectively.

Data obtained from the spectrophotometric analysis were also
presented in Table 1. While leaves were the richest plant parts in
terms of phenolics (22.84 mg GAEs/g), the seed extract was found to
contain higher amount of flavonoids than the others (23.32 mg REs/
g). Root extract was the poorest in terms of both phenolics and flavo-
noids. Statistical analyzes showed that both phenolic and flavonoid
profiles of root, leaf and seed extracts were significantly different
from each other.

Chromatographic analyzes were also performed to determine the
amount of certain phytochemicals in the extracts. According to the
data presented in Table 2, the compound with the highest amount in
the extracts was chlorogenic acid. While the amount of this phyto-
chemical was too close to each other in root and seed extracts (1350
and 1300 ug/g, respectively), it was determined that the leaf extract
contained 450 pug/g chlorogenic acid. Another compound found in
significant amounts in the extracts was p-hydroxybenzoic acid. It
was determined that there was 550 pg/g rosmarinic acid in the seed
extract.

D. cemileae is a new species introduced to literature by Dr. Fergan
Karaer in 2012 (Karaer, 2012). Therefore, chemical composition of
this species have not previously been reported. Furthermore, there is
no data in the literature regarding the chemical composition of other
Draba species too. In this respect, the current study could be assumed
as the first report.

3.2. Antioxidant activity

The data obtained from the antioxidant activity assays were sub-
jected to an analysis called relative antioxidant capacity index (RACI)
and the index values of each extract were calculated. According to
the findings given in Fig. 1, the most effective part of D. cemileae in
terms of antioxidant activity was leaves (RACI index: 0.62). It was fol-
lowed by extracts of seeds and roots, respectively (RACI indexes 0.17
and -0.79, respectively). The results of the statistical analyzes per-
formed to determine the correlation between the RACI indexes of the
extracts and their antioxidant activities were given in Fig. 2. Accord-
ing to the data in the figure in question, all antioxidant activity data

Table 1
Extract yields, total flavonoid and phenolic contents of the samples.
Assays Roots Leaves Seeds
Yield (%) 119 1.74 1.84
Total flavonoids (mg REs/g 0.87 +£0.01° 18.61+0.05" 23.32+0.14¢
extracts)
Total phenolics (mg GAEs/g 1097 £021° 22.84+0.529 19.53 +0.07°
extracts)

REs: Rutin equivalent

GAEs: Gallic acid equivalent

Data expressed with different superscripts in the same row are different from each
other.
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Table 2
Results of chromatographic analysis

No. Phenolics Concentration (ug/g extract)
Roots Leaves Seeds

1 Gallic acid nd nd nd

2 Protocatechuic acid nd nd nd

3 (+)-Catechin nd nd nd

4 p-Hydroxybenzoic acid 700 + 15° 900 £ 15 4504 15¢

5 Chlorogenic acid 1350 £50% 450 +5° 1300 + 50°

6 Caffeic acid 250+10°  400+10° 300+ 10°

7 (-)-Epicatechin nd nd nd

8 Syringic acid nd nd nd

9 Vanillin nd nd 150+3

10 p-Coumaric acid 50 +2° 50 + 2° 150 +2¢

11 Ferulic acid 150 + 1c 200+ 1° 250 +£1¢

12 Sinapic acid nd nd nd

13 Benzoic acid nd nd nd

14 o-Coumaric acid nd nd nd

15 Rutin nd nd nd

16 Hesperidin nd nd nd

17 Rosmarinic acid nd nd 550+50

18 Eriodictyol nd nd nd

19 trans-Cinnamic acid nd nd nd

20 Quercetin nd nd nd

21 Luteolin nd nd nd

22 Kaempferol nd nd nd

23 Apigenin nd nd nd

Data expressed with different superscripts in the same row are different from
each other.
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Fig. 1. Relative antioxidant capacity index of samples extracts.

except the ferrous ion chelating activity test were highly correlated
with RACI indices.

The data obtained regarding the antioxidant activity potentials of
the extracts were given in Table 3. According to the data in the table,
the leaf extract showed the highest antioxidant activity in phospho-
molybdenum, reducing power (CUPRAC and FRAP) and ferrous ion
chelating activity tests (0.88, 2.23, 1.73 and 3.68 mg/ml, respectively).
In phosphomolybdenum and reducing power (CUPRAC and FRAP)
assays, the activity of the leaf extract was followed by the extract
obtained from the seed, while the root extract was the second in fer-
rous ion chelating activity test. On the other hand, the seed extract
showed the highest activity in radical scavenging assay. DPPH and
ABTS radical scavenging capacities of the seed extract were deter-
mined to be 3.75 and 2.53 mg/ml, respectively. However, radical
scavenging activity of leaf extract was too close to the root extract. As
with other antioxidant activity tests, the root extract exhibited the
weakest activity in radical scavenging assays. However, none of the
extracts exhibited as potent activity as trolox or EDTA. According to
the results of statistical analysis, the activities of the leaf and seed
extracts were similar in phosphomolybdenum, CUPRAC, DPPH and
ABTS assays. While root and leaf extracts showed similar activity in
ferrous ion chelating activity test, the activities of all extracts were
statistically different from each other in FRAP assay.
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In the present study, in addition to the test systems given above,
the antioxidant activities of the extracts were also analyzed in terms
of CAEs by electrochemical method. 0.6 ml, 0.3 ml and 0.2 ml of plant
root, leaf and seed samples were added to the electrochemical cell,
respectively, and then SWS voltammograms were obtained (Fig. 3).
As seen in the figure, approximately +0.4 V anodic peak was observed
at different concentrations of plant samples. Since this peak potential
has almost the same potential as the anodic peak of chlorogenic acid,
it is possible to calculate the total antioxidant value in plant samples
in terms of CAEs. As a result, total antioxidant levels of root, leaf and
seed extracts were found as 0.79, 2.43 and 5.73 mg | g CAEs, respec-
tively (Fig. 4).

As mentioned above, there is no report in the literature regarding
the antioxidant activity of D. cemileae. However, in order to better
understand the antioxidant activity of root and leaf extracts, it is use-
ful to examine some literature data on the contribution of chloro-
genic acid and p-hydroxybenzoic acid, which were found to be
relatively high in the extracts. In addition, the literature data on the
contribution of rosmarinic acid to the activity was also discussed
below.

In a study conducted to determine the contribution of some phe-
nolic acids to antioxidant activity in Aegilops cylindrica, it was
reported that chlorogenic acid, along with some other phenolic acids
and flavonoids, significantly contributed to DPPH radical scavenging
activity and is one of the defense mechanisms of cells against oxida-
tive stress (Kiani et al.,, 2021). In another study investigating the free
radical scavenging activity of Miscanthus sacchariflorus, radical scav-
enging activities of the samples on DPPH and ABTS were reported as
28.85-99.25 and 25.65—-83.62 pg/ml, respectively, and as a result of
chemical composition analysis, it was found that the major com-
pounds of the extracts were p-hydroxybenzoic acid and chlorogenic
acid (Ghimire et al., 2021). As there are numerous reports in the liter-
ature that rosmarinic acid contributes significantly to the antioxidant
activities of extracts (Righi et al, 2021; Song et al, 2021;
Zeljkovic et al., 2021), there are also reports showing that this com-
pound itself has direct antioxidant activity (Hyatt et al., 2021;
Phromnoi et al., 2021; Wang et al., 2021).

3.3. Enzyme inhibitory activity

Data on the enzyme inhibitory activities of the extracts were
given in Table 4. The extracts exhibited different activity profiles in
digestive enzyme inhibition tests in which anti-diabetic activity was
investigated. While leaf extract exhibited the highest activity in the
o-amylase inhibitory activity assay, it was determined that the effi-
ciency of the seed extract was higher in «-glucosidase inhibitory
activity test. Leaf extract showing high activity in the «-amylase
inhibitory activity test took the last place in «-glucosidase assay. The
extracts exhibited higher inhibitory activity on «-amylase than
a-glucosidase. The a-amylase/a-glucosidase inhibitory activities of
the extracts were statistically significantly different from each other.

To the best of our knowledge, neither «-amylase nor «-glucosi-
dase inhibitory activities of D. cemileae have been previously studied.
However, there are some reports that the main compounds given in
Table 2 may contribute to the inhibitory activity on these enzymes. In
a study by Chung et al. (2019), the extract of Tupistra nutans roots
was rich in phenolic acids (including p-hydroxybenzoic acid) and
there was a correlation between composition and «-glucosidase
inhibitory activity. The fact that the phytochemical in question exhib-
its a-glucosidase inhibitory activity has also been confirmed by
Choi et al. (2012) in the study on yeast «-glucosidase. In a study car-
ried out by Chen et al. (2020) on HepG2 cells, it was reported that
chlorogenic acid showed moderate «-glucosidase inhibitory activity.
According to Tolmie et al. (2021), who investigated in silico c-amy-
lase and «-glucosidase inhibitory activities of rosmarinic acid, the
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Fig. 2. Relative antioxidant capacity index (dashed red line with triangle) and antioxidant activity (solid dark blue line with circle) of samples extracts (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.).

Table 3
Antioxidant activities of the samples.
Antioxidant activity Unit Roots Leaves Seeds Trolox EDTA
Phosphomolybdenum  ECso: mg/ml 1.09 +0.01¢ 0.88 + 0.02° 0.94 + 0.02° 0.38 +0.01¢ -
mg TEs/g extract 34851 +£4.04" 43083 +£11.05°  404.92 + 6.74°
CUPRAC reducing ECs0: mg/ml 3.27 £0.03¢ 2.2340.01° 2.30 4+ 0.03° 0.15+0.01¢ -
mg TEs/g extract 45.65 + 0.39° 66.94 + 0.13¢ 64.74 + 0.97¢
FRAP reducing ECso: mg/ml 2.61+0.01¢ 1.73 £ 0.01° 1.83+0.01°  0.070 + 0.001¢
mg TEs/g extract 26.95 +0.01¢ 40.63 +0.18° 3843 +0.19°
DPPH scavenging IC50: mg/ml 4.56 £ 0.09° 3.78 +0.05” 3.75+0.05° 0.082+0.001¢ -
mg TEs/g extract 18.05 +0.37° 21.78 £0.27¢ 21.96 + 0.26°
ABTS scavenging ICs0: mg/ml 3.41 +£ 0.09° 2.71 £0.03° 2.53 +0.05" 0.13 £ 0.01¢ -
mg TEs/g extract 37.15 + 0.98° 46.76 + 0.57¢ 50.14 +£ 0.91¢
Ferrous ion chelating ICs0: mg/ml 41540.23° 3.68 +£0.01° 5.04 £+ 0.22¢ - 0.039 + 0.001¢
mg EDTAEs/g extract 9.45 +0.52¢ 10.64 + 0.02¢ 7.79 + 0.35°

TEs: Trolox equivalent
EDTAEs: Ethylenediaminetetraacetic acid (disodium salt) equivalent

Data expressed with different superscripts in the same row are different from each other.

phytochemical in question showed inhibitory activity equivalent to
acarbose.

In both cholinesterase inhibitory activity tests, the seed extract
was found to be more effective than the others. The inhibitory activi-
ties of this extract on AChE and BChE were found to be 1.13 and
5.11 mg/ml, respectively. Root extract showed the weakest activity in
both test systems. The inhibitory activity of the root extract on the
enzymes in question was 1.31 and 15.31 mg/ml, respectively. The
extracts exhibited higher inhibitory activity on AChE than BChE.

While the activities of the extracts were statistically similar in AChE
inhibitory activity test, they were found to be different from each
other in BChE inhibitory activity assay.

Cholinesterase inhibitory activity of D. cemileae was first brought
to the literature with this study. Therefore, there is no enough litera-
ture data to discuss the cholinesterase inhibitory activity of the plant
species in question. However, considering that the seed extract
showed high activity on both cholinesterase, it would be useful to
discuss some literature data on the inhibitory activities of
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phytochemicals which were found to be in high quantities in the
extracts on AChE and BChE. In a study on cholinesterase inhibitory
activity of p-hydroxybenzoic acid isolated from n-butanol extracts of
Nelumbo nucifera stamens, it was reported that the phytochemical
exhibited non-competitive inhibitory activity on AChE and BChE and
activity values were 20.07 and 62.29 uM, respectively (Jung et al.,
2010). In a study conducted on cyclosporine induced hypertensive
rats, orally administered chlorogenic acid significantly reduced the
activity of both cholinesterase (Agunloye et al., 2019). According to

South African Journal of Botany 145 (2022) 170-176

Senol et al. (2017) rosmarinic acid exhibited significant BChE inhibi-
tory activity.

The data obtained from the test system in which tyrosinase inhibi-
tory activities of the extracts were investigated showed that the leaf
extract was the most effective inhibitory agent among the others.
The tyrosinase inhibitory activity of this extract was determined as
4.99 mg/ml (Table 4). It was followed by the root and seed extracts,
respectively. The tyrosinase inhibitory activities of the extracts were
statistically different from each other.

In the literature, there is no information regarding the tyrosinase
inhibitory activity of D. cemileae. However, there are some studies on
the tyrosinase inhibitory activities of the main compounds given in
Table 2. According to Chen et al. (2005) and Azizuddin et al. (2011),
p-hydroxybenzoic acid is a competitive tyrosinase inhibitor. In the
tyrosinase inhibitory activity test performed with p-hydroxybenzoic
acid isolated from Ficus erecta var. sieboldii, the compound was
reported to exhibit 0.98 mM inhibitory activity (Park et al., 2012). In
addition, the strong tyrosinase inhibitory activity of p-hydroxyben-
zoic acid beta-d-glucosyl ester, which is a derivative of the compound
in question, was reported by Shim et al. (2020). In a study by
Cheng et al. (2020), it was reported that chlorogenic acid exhibited
inhibitory effect on polyphenol oxidase, which was structurally simi-
lar to tyrosinase, and prevented browning in fresh cut potatoes.

3.4. Correlation between the parameters

Table 5 shows the correlation between the chemical composition
and biological activity data. Although the correlation coefficients
given in the table are hypothetically calculated based on the amounts
of the phytochemicals in the extracts, it is a good way to have an idea
about the contribution of the compounds to the activity. According to
the data presented in Table 5, phenolics/flavonoids contributed to
the antioxidant activities of the extracts at a high rate. This finding is
already accepted by many researchers. According to the data in the
table, total phenolics and flavonoids also contributes statistically sig-
nificantly to a-amylase and BChE inhibitory activity, respectively
(correlation coefficients above 0.9). Among the individual compo-
nents, p-hydroxybenzoic acid contributed to ferrous ion chelating
activity, caffeic acid to o-amylase inhibitory activity, p-coumaric acid
to a-glucosidase inhibitory activity, and ferulic acid to ABTS radical
scavenging and BChE inhibitory activities. As stated above, the data
in the table in question are hypothetical and should be evaluated
together with the literature data.

4. Conclusions
The lack of a similar study on D. cemileae makes the present study

important in terms of the literature. It was concluded that the
extracts obtained from leaves and seeds exhibited higher antioxidant

Table 4
Enzyme inhibitory activities of the samples.
Enzyme inhibitory activity ~ Unit Roots Leaves Seeds Acarbose Galantamine Kojic acid
«-Amylase inhibition ICs0: mg/ml 2.58 + 0.04¢ 1.78 £0.01° 2.09 £0.06° 0.50+0.01¢
mg ACEs/g extracts 193.75 £ 3.25¢ 2804541959  238.76 + 6.63"
a-Glucosidase inhibition ICsp: mg/ml 23.55 + 0.82¢ 43.69 + 0.40¢ 7.14 + 0.09" 1.38 + 0.05¢
mg ACEs/g extract 52.83+£2.07°  2541+030° 189.43 +2.36%
AChE inhibition ICso: mg/ml 1.31£0.01° 1.25 £ 0.20° 1.13 +0.04° 0.0027 + 0.0001°
mg GALAEs/g extract 2.09 +0.01¢ 2.2140.35¢ 2.43 4+ 0.08¢
BChE inhibition ICs0: mg/ml 1531+ 1.164 7.86 +0.10¢ 511 +0.29" 0.0057 + 0.0001
mg GALAEs/g extract 0.38 + 0.03° 0.74 £ 0.01° 1.14 £ 0.06°
Tyrosinase inhibition ICs0: mg/ml 5.07 + 0.07° 499 + 0.01° 5.16 + 0.30° 0.13 +£0.01°
mg KAEs/g extract 25.79 + 0.35° 26.16 + 0.04° 25.38 4+ 1.48¢

GALAEs: Galantamine equivalent
KAEs: Kojic acid equivalent
ACEs: Acarbose equivalent

Data expressed with different superscripts in the same row are different from each other.
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Table 5
Pearson correlation coefficients between the parameters.
TAP DPPH ABTS CUPRAC  FRAP FICA AChEIA  BChEIA  TIA AAIA AGIA

DPPH 0.920
ABTS 0.825 0.966
CUPRAC 0.967 0.986 0.935
FRAP 0.975 0.973 0913 0.997
FICA 0209 -0120 -0.352  -0.002 0.056
RACI 0.987 0.930 0.836 0.974 0.986 0.217
AChEIA 0.461 0.510 0.602 0.492 0460  -0.504
BChEIA 0.629 0.860 0.937 0.790 0759  -0.571 0.656
TIA 0.180 0.003  -0.054 0.060 0.042 0306  -0.078 -0.333
AAIA 0.973 0.847 0.728 0.916 0.935 0.370 0.275 0.480 0.279
AGIA 0.052 0.390 0.578 0.269 0215 -0.941 0.606 0.794 -0441  -0.134
Total flavonoid 0.860 0.981 0.993 0.956 0939 -0.284 0.604 0.933 -0.100 0.761 0.537
Total phenolic 0.981 0.947 0.859 0.982 0.991 0.177 0.356 0.673 0.111 0.968 0.092
Chlorogenic acid -0.760 -0.500 -0.301 -0.613 -0.659 -0.784 0.099 -0.027 -0.299  -0.864 0.587
p-Hydroxybenzoic acid 0.247 -0110 -0.318 0.029 0.087 0.987  -0.455 -0.570 0.404 0416  -0.951
Caffeic acid 0.889 0.720 0.574 0.805 0.832 0.532 0.057 0.283 0.384 0970 -0.336
p-Coumaric acid 0.204 0.530 0.701 0.416 0364  -0.895 0.638 0.874 -0.376 0.024 0.987
Ferulic acid 0.660 0.880 0.960 0.815 0.781  -0.570 0.672 0.993 -0.226 0.518 0.777

TAP: total antioxidant activity by phosphomolybdenum method. AAIA: o-Amylase inhibitory activity, AChEIA: Acetyl cholinesterase inhibitory
activity, BChEIA: Butyryl cholinesterase inhibitory activity, AGIA: a-Glucosidase inhibitory activity, TIA: Tyrosinase inhibitory activity, FICA: Ferrous

ion chelating activity

and enzyme inhibitory activity than the root extract. Although not all
of the phytochemicals in the extracts have been documented, p-
hydroxybenzoic acid, chlorogenic acid and especially rosmarinic acid
in the seed extract are thought to contribute significantly to the activ-
ities. It was concluded that the D. cemileae could be considered as one
of the new and alternative phytochemical sources in medicine, food
and cosmetics industries.
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