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a  b  s  t  r  a  c  t

Cajanus  cajan.  (L.) Millsp.  (C. cajan)  (Family:  Fabaceae)  also known  as  pigeon  pea,  is  a  famous  food  and
cover/forage  crop  bearing  a high  amount  of  key  amino  acids  (methionine,  lysine  and  tryptophan).  This
study  investigated  into  the  total  phenolic  (TPC),  flavonoid  content  (TFC),  antioxidant  [2,2-diphenyl-1-
picrylhydrazyl  (DPPH),  2,2 -azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid)  (ABTS),  ferric  reducing
antioxidant  power  (FRAP),  cupric  reducing  antioxidant  capacity,  total antioxidant  capacity  (TAC)  (phos-
phomolybdenum)  and metal  chelating]  activities  and  enzyme  [�-amylase,  �-glucosidase,  tyrosinase,
acetyl-(AChE),  butyryl-(BChE)  cholinesterase]  inhibitory  effects  of four  extracts  (methanol,  hexane,  ethyl
acetate, aqueous)  prepared  from  C. cajan  stem  bark. Direct  identification  of  antioxidants  was  also
conducted  using  the  high  performance  liquid  chromatography-ferric  reducing  antioxidant  power  (HPLC-
FRAP)  system.  The  highest  TPC and  TFC  were  recorded  with  the  methanolic  (23.22  ± 0.17  mg  GAE/g)
and  ethyl  acetate  extracts  (19.43  ±  0.24  mg  RE/g),  respectively.  The  methanolic  extract  exhibited  impor-
tant  antioxidant  activity  with  DPPH  (38.41  ±  0.05  mg  Trolox  equivalent  (TE)/g),  ABTS  (70.49  ±  3.62  mg
TE/g),  CUPRAC  (81.86  ±  2.40  mg  TE/g),  FRAP  (42.96  ± 0.59  mg TE/g)  and  metal  chelating  (17.00  ±  1.26

mg  ethylenediaminetetraacetic  acid  equivalent/g).  p-coumaric  and caffeic  acid  were  the  predominant
antioxidants  in the samples.  Results  from  enzymatic  assays  showed  the  potential  abilities  of  hexane
extract  in  inhibiting  the AChE,  BChE,  �-amylase  and  �-glucosidase  enzymes.  From  the  results  obtained
in  this  study,  it can  be concluded  that  C.  cajan  can be considered  as  a promising  source  of  antioxidants
and  key  enzyme  inhibitors  that  can  be  exploited  for future  bioproduct  development.

© 2020  Elsevier  B.V.  All  rights  reserved.
. Introduction

Oxidative stress is one of the most burning topics among
esearchers around the globe as it is the underlying causative
actor of numerous chronic diseases namely cancer, neurodegener-
tive disorders, cardiovascular diseases, dermatological problems,

iabetes mellitus, among others. Continuously searching for
ntioxidants should be an ongoing challenge as it has been reported
hat antioxidants may  hamper the oxidation process which conse-

∗ Corresponding authors.
E-mail addresses: f.mahomoodally@uom.ac.mu (M.F. Mahomoodally),

okhanzengin@selcuk.edu.tr (G. Zengin).

ttps://doi.org/10.1016/j.jpba.2020.113678
731-7085/© 2020 Elsevier B.V. All rights reserved.
quently prevent or postpone oxidative stress related diseases [1].
Antioxidants from plant materials have garnered fair amount of
attention from researchers as well as the public because of their
demonstrated efficacy and safety. At present, most of the plant sam-
ples are screened in pursuit of novel and natural antioxidants with
substantially high activity. For instance, in the year 2019, ScienceDi-
rect recorded 12,901 articles related to the screening of plants in
terms of their antioxidant activity. To be in line with the current
trends, the present study aims to screen a nutritionally impor-
tant plant, Cajanus cajan (L.) Millsp. (C. cajan) (Family: Fabaceae)
also known as pigeon pea, for its antioxidative property using two

different techniques namely spectrometry and chromatography.
Since a major gap exists in the current in vitro antioxidant assays
as well detailed in a recent review by Bibi Sadeer et al. [2], we

https://doi.org/10.1016/j.jpba.2020.113678
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2020.113678&domain=pdf
mailto:f.mahomoodally@uom.ac.mu
mailto:gokhanzengin@selcuk.edu.tr
https://doi.org/10.1016/j.jpba.2020.113678
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lso assessed the antioxidants present in C. cajan using a recently
eveloped system: high performance liquid chromatography-ferric
educing antioxidant power (HPLC-FRAP) for the direct identifica-
ion of antioxidants in the complex matrices of plant samples.

The HPLC-FRAP system has been popularly used by numerous
esearchers eliminating tedious sample pre-treatment procedures
nd proved to be efficient and rapid [3]. According to previous
eports, in vitro antioxidant assays suggested that C. cajan may
e considered as an important natural antioxidant source [4,5].
owever, to the best of our knowledge, there has been no report
bout the profiling of antioxidant compounds of C. cajan using
PLC-FRAP system. Thus, one of the aims of the present study

s to identify antioxidants in the stem bark of C. cajan by such
echnique. Otherwise, this Cajanus species, being a plant food, is
ommonly used in traditional medicine. For instance, the leaf is
sed against diabetes, dysentery, hepatitis, measles and in China

t is believed to treat blood-related diseases and alleviate pain [4].
n Trinidad, the leaf is used in food poisoning and to prevent con-
tipation [6]. Cajanus cajan is a highly nutritious perennial legume
nd a good source of crude fibre, iron, sulphur, calcium, potassium,
anganese and water-soluble vitamins [7]. Morphologically, it is

 non-climbing shrub, erect, silky pubescent ribbed stems, spindly
ranches, leaves pinnately trifoliolate, leaflets in short stalks, flow-
rs borne on corymbiform racemes, petals yellow, standard red
utside and yellow inside, wings yellow, oblong linear pods con-
tricted between the seeds [8].

Several pharmacological validations showed that pigeon pea
ossessed important biological properties. In a clinical evaluation,
he extract of C. cajan was reported to reduce painful crises in sickle
ell anaemia on the liver [9]. Compounds identified in the root and
eaf extracts displayed moderate activity against the chloroquine-
ensitive Plasmodium falciparum strain 3D7 [10]. Liu et al. [11]
eported that the four stilbenes (cajaninstilbene acid, longistyline
, longistyline C, and cajanolactone A) isolated from the leaf of
igeon pea possessed neuroprotective effects. Another recent study
howed that a natural stilbene (longistylin A) produced by C. cajan
an significantly inhibit the growth of methicillin-resistant Staphy-
ococcus aureus [12].

As evidenced by a number of publications, important pharma-
ological properties have been recorded from leaves and roots of C.
ajan. In addition, the chemical composition has also been reported.
owever, no chemical and biological information’s have reported

rom the stem bark of C. cajan. Therefore, to address this research
ap in the corpus of scientific knowledge on this plant, the other aim
f this study was to validate the use of this plant for its chemical pro-
le and biological properties. Taken together, the presented results
ould fill the gap on C. cajan stem bark which subsequently could
pen new research avenues, particularly in development therapeu-
ic bioproducts development.

. Materials and methods

.1. Plant material and extraction procedure

The stem bark of C. cajan was collected in the village of Tenikro
district of Yamoussoukro-Côte d’Ivoire, 6◦ 33

′
10′′ N, 5◦ 15

′
11′′

,  293 m)  in the year 2019 and it was authenticated by the
otanist Ouattara Katinan Etienne (Université Félix Houphouet
oigny, Abidjan, Côte d’Ivoire). The plant materials (aerial parts)
ere dried in shade for about 10 days and then grounded using a

aboratory mill.

Maceration was used for sample preparation with ethyl acetate,

exane and methanol as extraction solvents, separately. For this
urpose, 5 g of the samples were macerated for 24 h at room
emperature. After this, the extracts were filtered and then the sol-
armaceutical and Biomedical Analysis 192 (2021) 113678

vents were removed via a rotary-evaporator. With respect to the
water extracts, 5 g of the plant material were infused with 100 mL
boiled water. Thereafter, the water was  dried using freeze-drying.
All extracts were stored at +4 ◦C until further studies.

2.2. Profile of bioactive compounds

The total phenolic (TPC), and flavonoid (TFC) contents of the
extracts were measured and detailed methods were described in
our previous paper [13]. Standards, namely gallic acid (GAE) for
phenolics, and rutin (RE) for flavonoids, were used to express the
results.

2.3. HPLC-Method

The Shimadzu LC-2010C-HT HPLC compact system (Japan) used
for the analysis included thermostable column unit, the autosam-
pler unit, degasser, gradient manager pump and UV- Diode array
detectors combined with a second supported on-line reagent
programmable single channel syringe pump (IPS 12-RS model,
Inovenso laboratory devices, Turkey). The experiments were con-
ducted using a Purospher star RP-18 encapped, C18 column with
guard column (4.6 × 250 mm,  5 �m)  (Merck, Germany). Data
procurement (peak area, retention time) was executed by utiliz-
ing Shimadzu ChemStation Program. The injection volume of all
samples was 50 �L. Analysis time was  30 min. The mobile phase
consisted of four solvents: solvent A was  methanol, solvent B was
a mixture of acetic acid/water/acetonitrile (0.5/49.75/49.75, v/v/v),
solvent C was  a mixture of 0.2 % acetic acid: water (v/v) and solvent
D was ultra-pure grade acetonitrile [14].

HPLC-FRAP methodology, one of the methods that allows simul-
taneous application of HPLC separation and antioxidant activity
determination, was  used. DAD signal was set at 280 nm (maximum
absorption for phenolic contents) and UV on-line antioxidant activ-
ity detection signal was  set at 595 nm (maximum absorption after
the post column FRAP reaction). Mobile phase flow rate was set
at 1.2 mL/min. The flow rate of the syringe pump was  set at 0.25
mL/min (optimized value). Column temperature was  set at room
temperature, 25−30 ◦C. The reaction coil, which made of polyte-
trafluoroethylene (PTFE) tubing (0.25 mm  i.d.), was adjusted as
2.5 m length (optimized value) [14]. The FRAP reagent was pre-
pared such as in the study of Benzie and Strain [15] and adapted to
post-column assay. For HPLC-FRAP assay, FRAP reagent was  freshly
prepared, drawn into the syringe, covered with aluminium foil and
put into the syringe pump. HPLC-FRAP system reacts with the open-
ing of the splitter switch system connected to the manifold in the
1.5 cm reaction coil of the pigeon pea plant sample extracts sepa-
rated according to the polarity difference with the solvent flow from
the main pump, and this reaction peaks with extra peak detection in
the UV detector besides the DAD separation were analysed (Fig. 1).

Lyophilized and powdered (5 mg)  forms of C. cajan stem barks
for four different extracts (ethyl acetate, hexane, methanol, and
infusion) were solubilized with HPLC grade high purity methanol
(10 mL). Firstly, they were filtered through a 0.45 �m filter prior to
HPLC analysis. Their final concentrations were adjusted to 0.5 mg /
mL before HPLC analysis. Ethyl acetate, hexane, methanol, and infu-
sion extracts of C. cajan stem barks was run with HPLC-FRAP system
at least three parallel each other. Limit of detection (LOD) and limit
of quantitation (LOQ) are the analytical processing arguments of
an analyte that can be accurately measured by the analytical pro-
cedure. For this study, validation parameters about LOD and LOQ
were determined according to the International Conference on Har-

monization guidelines. While at the end of the running of four
different extracts (ethyl acetate, hexane, methanol, infusion) from
C. cajan stem barks, chromatograms with positive FRAP peaks were
obtained at UV 595 nm simultaneous with DAD 280 nm. The detec-
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tioxidant analysis system.
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Table 1
Total bioactive components of C. cajan stem bark.

Extracts Total phenolic
content (mg  GAE/g
extract)

Total flavonoid
content (mg RE/g
extract)

Hexane 5.55 ± 0.08d 1.25 ± 0.03c

EA 21.69 ± 0.30b 19.43 ± 0.24a

MeOH 23.22 ± 0.17a 11.49 ± 0.06b

Infusion 19.14 ± 0.18c 1.51 ± 0.23c

* Values expressed are means ± S.D. of three parallel measurements. GAE: Gallic
Fig. 1. HPLC-FRAP an

ion limits of HPLC-FRAP method about phenolic acid contents of C.
ajan stem barks extracts were determined as 3 times and 10 times
f the average standard deviation of noise. Linearity of the method
as tested in the range of 0.4−9 ppm for detected 12 phenolic

cids (p−OH benzoic acid, chlorogenic acid, caffeic acid, syringic
cid, ferulic acid, p-coumaric acid, vanillin, vanillic acid, rosmarinic
cid, gentisic acid, syringaldehyde, protocatechuic acid). The LOD
nd LOQ data obtained for 280 nm and 595 nm was  calculated. All
tatistical ChemStation detection limit analysis data were reported
ignificantly (p < 0.05) with standard deviation. There are no FRAP
eak equivalents of p−OH benzoic acid, p-coumaric acid, vanillin
nd vanillic acid

.4. Determination of antioxidant and enzyme inhibitory effects

To detect antioxidant properties, we used several chemical
ssays with different mechanisms namely, radical scavenging,
educing power and metal chelating. Trolox (TE) and ethylenedi-
minetetraacetic acid (EDTA) were used as standard antioxidant
ompounds. Obtained results were expressed as equivalents of
hese compounds Grochowski et al. [16]. To detect inhibitory effects
n enzymes, we used colorimetric enzyme inhibition assays and
hese assays included tyrosinase, �-glucosidase, �-amylase and
holinesterases. Some standard inhibitors (galantamine, kojic acid
nd acarbose) were used as positive controls.

.5. Data analysis

All experiments were performed in triplicate and results were

ggregated and gave as mean ± SD standard deviation. Data were
tatistically analysed by using One-way analysis of variance, prin-
ipal component and hierarchical clustered analysis respectively. R

 3.6.2 software was used for the analysis.
acid equivalent; RE: Rutin equivalent; EA: Ethyl acetate; MeOH:  Methanol. Different
superscripts indicate significant differences in the extracts (p < 0.05).

3. Results and discussion

3.1. Total bioactive compounds and in vitro antioxidant
properties

Phenolic compounds are widely distributed in plant foods. In
addition to fruits, coloured vegetables and spices, legumes are
equally rich in phenolic compounds. As a matter of fact, C. cajan is
expected to be abounded by polyphenols as it is a highly nutritious
legume and this has indeed been confirmed several times by pre-
vious publications indicating that the seed contained high quantity
of phenolic, flavonoid, and tannin contents [7]. Since little is known
on the phytochemical profile of stem bark of the plant of interest,
the present study attempted to quantify the total phenolic (TPC)
and total flavonoid content (TFC) of different extracts of stem bark.
Results are shown in Table 1. In contrast to seeds whereby some
studies revealed low TPC ranging from 1.054 to 18.3 mg GAE/g

[17,18], the data presented herein showed relatively higher quan-
tity of phenolic and flavonoid contents in stem bark. For instance,
the highest TPC and TFC recorded was  from the methanolic extract
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Table  2
Antioxidant activities of C. cajan stem bark.

Extracts DPPH (mg  TE/g
extract)

ABTS (mg  TE/g
extract)

CUPRAC (mg  TE/g
extract)

FRAP (mg  TE/g
extract)

Phosphomolybdenum
(mmol TE/g)

Metal chelating
ability (mg
EDTAE/g)

Hexane na 4.75 ± 0.32d 13.48 ± 0.30d 8.54 ± 0.19d 0.31 ± 0.02d 6.52 ± 0.29c

EA 12.39 ± 0.09c 22.45 ± 0.70c 72.09 ± 1.40b 25.91 ± 0.44c 1.68 ± 0.09a 10.24 ± 0.03b

MeOH 38.41 ± 0.05a 70.49 ± 3.62a 81.86 ± 2.40a 42.96 ± 0.59a 1.32 ± 0.06b 17.00 ± 1.26a

Infusion 25.84 ± 0.64b 64.40 ± 1.09b 53.51 ± 0.34c 36.43 ± 0.08b 1.00 ± 0.05c 10.16 ± 0.69b

* uival
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 Values expressed are means ± S.D. of three parallel measurements. TE: Trolox eq
ifferent superscripts indicate significant differences in the extracts (p < 0.05).

23.22 ± 0.17 mg  GAE/g) and ethyl acetate extract (19.43 ± 0.24 mg
E/g), respectively. However, the lowest yield for both TPC and TFC
as obtained from the hexane extracts (5.55 ± 0.08 mg  GAE/g and

.25 ± 0.03 mg  RE/g, respectively).
Ever since epidemiological studies correlate diets rich in nat-

ral antioxidants with a decreased risk of oxidative stress-related
iseases, phenolic compounds and their antioxidant activities have
een of great concern to both consumers and researchers since the
ast decades [19]. Due to this keen interest, assessment of antiox-

dants present in the extracts of C. cajan were conducted herein.
ince there is still no universal method to determine antioxidative
ower in vitro, six different tests involving different mechanism of
ntioxidant defence system were conducted to evaluate the antiox-
dant activity of pigeon pea. For instance, DPPH and ABTS were
erformed to evaluate the free radical scavenging capacity of C.
ajan, FRAP and CUPRAC to investigate into the reducing potential,
hosphomolybdenum to determine total antioxidant capacity and
errous ion chelating assay to measure the chelating ability of the
xtracts. Results are shown in Table 2.

Overall, it can be observed that a good correlation existed
etween the different assays. Additionally, extracts with high
ntioxidant activity were associated with high phenolic contents.
or instance, methanolic extract yielding the highest TPC, exhibited
he highest activity in five assays namely DPPH (38.41 ± 0.05 mg
E/g), ABTS (70.49 ± 3.62 mg  TE/g), FRAP (42.96 ± 0.59 mg  TE/g),
UPRAC (81.86 ± 2.40 mg  TE/g) and metal chelating (17.00 ± 1.26
g EDTAE/g). Scientists have claimed that extracts obtained from

ighly polar solvents, especially methanol, have high antioxidant
ffects [20], hence supporting our results. Such response is common
mong plant extracts and was observed with several other studies
21,22]. On the other hand, hexane extract possessing the lowest
PC, displayed the lowest antioxidative power with all six methods
DPPH: inactive; ABTS: 4.75 ± 0.32 mg  TE/g; FRAP: 8.54 ± 0.19 mg
E/g; CUPRAC: 13.48 ± 0.30 mg  TE/g; phosphomolybdenum: 0.31

 0.02 mmol  TE/g and metal chelating: 6.52 ± 0.29 mg  EDTAE/g).

.2. -HPLC-FRAP analysis

To further scrutinize our extracts in terms of antioxidants and
earing in mind that the current in vitro antioxidant assays do not
lways give realistic results [2], we also screened our samples using

 more extensive technique such as HPLC-FRAP.
Antioxidant activity determination, corresponding to their ferric

educing identity, was based on the ability of antioxidant com-
ounds to reduce Fe3+ to Fe2+. Therefore, the research group of
hi from China suggested that HPLC–FRAP assay could be designed
y detecting the blue coloured Fe2+-TPTZ complex at 593 nm [3].
n the HPLC-FRAP system, more phenolic peaks were detected as
ositive peaks at 280 nm compared at 595 nm.  For instance, for
ample 1 (ethyl acetate) seven phenolic peaks were detected at

80 nm while four at 595 nm,  for sample 2 (hexane) eight phenolic
eaks were detected at 280 nm while four at 595 nm,  for sample 3
methanol) five peaks were confirmed whereas two were detected
s positive at 595 nm and for sample 4 (infusion) four peaks were
ent; EDTAE: EDTA equivalent; EA: Ethyl acetate; MeOH: Methanol; na: not active.

detected at 280 nm but only two were confirmed at 595 nm. Iden-
tification of a total of 12 different antioxidants (such as p-coumaric
acid, p−OH benzoic acid, syringic acid, ferulic acid, vanillin, caffeic
acid, chlorogenic acid, syringaldehyde, protocatechuic acid, vanillic
acid, rosmarinic acid and gentisic acid) was achieved at 280 nm by
systematic analysis of their retention time (Tables 3–6) from the
four samples of C. cajan. The chemical structures of the identified
antioxidants are illustrated in Fig. 2. The HPLC chromatograms are
given in Figs. 3–6.

In sample 1, the seven antioxidants detected at 280 nm were
p-coumaric acid (or 4-hydroxycinnamic acid), p−OH benzoic acid
(or 4-hydroxybenzoic acid), syringic acid, ferulic acid, vanillin, caf-
feic acid and chlorogenic acid. At 280 nm,  p-coumaric acid was  the
predominant antioxidant with a peak area of 247.3. At 595 nm,
the peaks of p−OH benzoic and p-coumaric acid were absent and
caffeic acid was  most predominant (210.3). Interestingly, the same
predominant antioxidant compounds were found in abundance in
sample 3 whereby the peak area of p-coumaric acid was  213.5 at
280 nm and that of caffeic acid was 227.6 at 595 nm.  Despite this
similarity in the main antioxidant compounds, the in vitro revealed
different antioxidant activities. In addition to the fact that in vitro
assays do not always give realistic results, this difference can also
be linked to the chemical structures of the phenolic antioxidants.

Many studies have associated the chemical structures of phe-
nolic compounds with high antioxidant power. Basically, phenolic
compounds contain one or more hydroxyl groups (−OH) attached
to a benzene ring [23]. The antioxidant activity centre of phenolic
acids is phenolic hydroxyl (−OH), thus the number and position of
phenolic hydroxyls have a direct link with the antioxidant activity
of phenolic acids [24]. Furthermore, methoxy (−OCH3) and car-
boxylic acid (−COOH) groups also have significant effects on the
antioxidant property of phenolic acids [25]. In this study, eight typ-
ical phenolic acids have been identified and they are p−OH benzoic
acid, vanillic acid, protocatechuic acid, caffeic acid, ferulic acid, p-
coumaric acid, syringic acid and gentisic acid. Natella et al. [26]
reported that hydroxycinnamic acid (−CH = CHCOOH) has stronger
antioxidant activity than hydroxybenzoic acid (−COOH) when the
other substituents of the benzene ring remain the same [26]. These
results can be attributed to the electron-donating ability of car-
boxylic acid groups. The conjugation effect and induction effect
together determine that −COOH is a strong electron-withdrawing
group and −CH = CHCOOH is a weak electron-withdrawing group.
An electron-donating group can increase the electron cloud density
of a benzene ring, decreasing the dissociation energy of the pheno-
lic hydroxyl bond which consequently promote its free scavenging
ability. Therefore, it is speculated that carboxylic acid groups affect
the antioxidant activity of phenolic acids based on their electron-
donating ability (−CH = CHCOOH > −COOH) [27]. Nonetheless,
these facts do not corroborate with the in vitro results of sample 2
(hexane). For instance, the sample showed low or no activity with

ABTS and DPPH assays despite five phenolic acids were identified
in it.

In addition to carboxylic acid groups, methoxy groups can also
improve the antioxidant activity of phenolic acids. In point of fact,
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Table  3
Detection and quantitation limits of the peaks defined at 280 nm and 595 nm for hexane extract from C. cajan stem bark.

Peak
Numbers

Component
Name

Retention
Time (RT)
(min.)

Peak Area
(280 nm)
(mAU x
min.)

Concent-
ration (for
280 nm)
(ppm)

Peak Area (595
nm)  (mAU x
min.)

Concent-
ration (for
595 nm)
(ppm)

Limit of
Detection
(LOD, ppm,
280 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 280
nm)

Limit of
Detection
(LOD, ppm,
595 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 595
nm)

1 Protocatechuic
acid

8.1 115.5 12.2 92.8 15.4 1.2 ± 0.03 4.0 ± 0.04 1.0 ± 0.03 3.3 ± 0.04

2  Gentisic acid 11.9 68.8 7.3 77.6 12.9 0.4 ± 0.02 1.3 ± 0.02 0.6 ± 0.02 2.0 ± 0.03
3  Chlorogenic

acid
13.9 158.3 16.7 230.3 38.3 1.6 ± 0.03 5.3 ± 0.04 2.8 ± 0.03 9.2 ± 0.04

4  P-OH benzoic
acid

15.3 280.7 29.6 * * 1.8 ± 0.04 6.0 ± 0.04 * *

5  Vanillic acid 17.5 83.5 8.8 * * 0.8 ± 0.02 2.6 ± 0.03 * *
6  Vanillin 20.3 78.6 8.3 * * 0.6 ± 0.02 2.0 ± 0.03 * *
7  Syringaldehyde 23.2 86.6 9.1 200.4 33.3 0.9 ± 0.02 3.0 ± 0.04 2.5 ± 0.03 8.2 ± 0.04
8  p-Coumaric

acid
24.9 75.2 7.9 * * 0.5 ± 0.01 1.7 ± 0.02 * *

±SD: Average Standard Deviation, 95 % confidence interval, critical ratio: p < 0.05, *: non-detected, ppm: parts per million.

Table 4
Detection and quantitation limits of the peaks defined at 280 nm and 595 nm for ethyl acetate extract from C. cajan stem bark.

Peak
Numbers

Component
Name

Retention
Time (RT)
(min.)

Peak Area
(280 nm)
(mAU x
min.)

Concentration
(for 280
nm)  (ppm)

Peak Area
(595 nm)
(mAU x
min.)

Concentration
(for 595
nm)  (ppm)

Limit of
Detection
(LOD, ppm,
280 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 280
nm)

Limit of
Detection
(LOD, ppm,
595 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 595
nm)

1 p-OH
benzoic
acid

9.2 31.5 3.8 * * 0.2 ± 0.01 0.7 ± 0.02 * *

2  Chlorogenic
acid

10.4 130.8 15.6 87.6 15.6 0.8 ± 0.02 2.6 ± 0.04 0.6 ± 0.02 2.0 ± 0.03

3  Caffeic acid 12.6 178.3 21.3 210.3 37.4 1.2 ± 0.03 4.0 ± 0.04 1.4 ± 0.03 4.6 ± 0.04
4  Syringic

acid
16.6 180.7 21.6 205.6 36.6 1.3 ± 0.03 4.3 ± 0.04 1.5 ± 0.03 5.0 ± 0.04

5  Ferulic acid 21.3 46.2 5.5 58.3 10.4 0.4 ± 0.01 1.3 ± 0.03 0.5 ± 0.01 1.7 ± 0.03
6  p-Coumaric

acid
25.0 247.3 29.5 * * 1.6 ± 0.03 5.3 ± 0.04 * *

7  Vanillin 29.1 21.6 2.6 * * 0.1 ± 0.01 0.3 ± 0.01 * *

±SD: Average Standard Deviation, 95 % confidence interval, critical ratio: p < 0.05, *: non-detected, ppm: parts per million.

Table 5
Detection and quantitation limits of the peaks defined at 280 nm and 595 nm for methanol extract from C. cajan stem bark.

Peak
Numbers

Component
Name

Retention
Time (RT)
(min.)

Peak Area
(280 nm)
(mAU x
min.)

Concentration
(for 280
nm)  (ppm)

Peak Area
(595 nm)
(mAU x
min.)

Concentration
(for 595
nm)  (ppm)

Limit of
Detection
(LOD, ppm,
280 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 280
nm)

Limit of
Detection
(LOD, ppm,
595 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 595
nm)

1 p-OH
benzoic
acid

11.8 71.5 10.3 * * 0.7 ± 0.02 2.3 ± 0.03 * *

2  Caffeic acid 13.9 168.8 24.4 227.6 70.4 1.9 ± 0.03 6.3 ± 0.04 2.4 ± 0.03 7.9 ± 0.04
3  Vanillic

acid
15.1 198.3 28.6 * * 2.1 ± 0.03 6.9 ± 0.04 * *

4  Syringic
acid

19.5 40.7 5.9 95.6 29.5 0.4 ± 0.01 1.3 ± 0.03 0.8 ± 0.02 2.6 ± 0.03

5  p-Coumaric 25.7 213.5 30.8 * * 2.2 ± 0.03 7.3 ± 0.04 * *

± : non-

a
g
a
c
i
d
S
t
fi
s

acid

SD: Average Standard Deviation, 95 % confidence interval, critical ratio: p < 0.05, *

ccording to a recent study, the higher the number of methoxy
roups present, the higher is the antioxidant activity of phenolic
cids [27]. It is worth mentioning that the difference between the
hemical structure of vanillic acid (identified as major antioxidant
n sample 4) and p−OH benzoic acid (identified as major antioxi-
ant in sample 2) is the presence of one methoxy (−OCH3) group.

ince, −OCH3 increases antioxidant power, sample 4 can be said
o be stronger than sample 2 in terms of antioxidant activity. This
nding is consistent with the in vitro results which also revealed
ample 4 to be stronger than sample 2.
detected, ppm: parts per million.

Since −CH=CHCOOH > −COOH in terms of electron-donating
ability, both samples 1 and 3 are thus considered to be stronger than
sample 2 in terms of antioxidant activity due to the predominant
presence of p-coumaric acid in samples 1 and 3 which contains the
−CH = CHCOOH group attached to the phenol group while p−OH
benzoic acid, present in majority in sample 2, does not possess the

−CH = CHCOOH group but instead the −COOH group. However, this
result is not in line with the in vitro findings. Instead, in vitro assays
classified only sample 3 as the strongest antioxidant. It is important
to also bear in mind that the interactions among other antioxi-
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Table  6
Detection and quantitation limits of the peaks defined at 280 nm and 595 nm for infusion from C. cajan stem bark.

Peak
Numbers

Component
Name

Retention
Time (RT)
(min.)

Peak Area
(280 nm)
(mAU x
min.)

Concentration
(for 280
nm)(ppm)

Peak Area
(595 nm)
(mAU x
min.)

Concentration
(for 595
nm)  (ppm)

Limit of
Detection
(LOD, ppm,
280 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 280
nm)

Limit of
Detection
(LOD, ppm,
595 nm)

Limit of
Quantita-
tion (LOQ,
ppm, 595
nm)

1 p-OH
benzoic
acid

11.8 75.5 16.8 * * 0.7 ± 0.02 2.3 ± 0.03 * *

2  Caffeic acid 16.7 68.8 15.3 207.6 54.9 0.5 ± 0.02 1.7 ± 0.03 1.4 ± 0.03 4.6 ± 0.04
3  Vanillic

acid
19.5 218.3 48.7 * * 1.5 ± 0.03 5.0 ± 0.04 * *

4  Rosmarinic 28.9 85.7 19.1 170.6 45.1 0.9 ± 0.02 3.0 ± 0.04 1.2 ± 0.03 4.0 ± 0.04

± : non-

d
s

3

g
g
i
i
d
c
3
t
b
o
e
t
p
f
c
e

m
f
t
a
t
0
e
a
l
p
d
o
b
d
i

l
e
a
a
l
a
n
H
A
G
c

acid

SD: Average Standard Deviation, 95 % confidence interval, critical ratio: p < 0.05, *

ants present in the samples can be synergistic, thus explaining
uch in vitro response.

.3. Enzyme inhibition effects

Inhibiting digestive enzymes such as �-amylase and �-
lucosidase can be considered as an effective way to monitor blood
lucose level. Type 2 diabetes is global and chronic condition affect-
ng about 422 million people around the globe (WHO). Diabetes
s associated with microvascular and macrovascular complications
amaging vital organs including kidney, heart, eyes, brain, and also
ause cutaneous manifestations [28]. It is reported that there is a
0 % risk that people with diabetes develop cutaneous manifesta-
ions due to the damage caused to the vascular and nerve structures
y high blood sugar levels [29]. Nowadays, agents which are based
n natural resources are preferred to manage diseases since side
ffects are minimal and the therapies are well-tolerated compared
o synthetic oral drugs currently available on the market [30]. The
resent study was thus designed to evaluate the extracts of C. cajan
or their antidiabetic activity (anti-amylase and anti-glucosidase),
utaneous manifestations (anti-tyrosinase) and Alzheimer’s dis-
ase (anti-cholinesterase). Results are shown in Table 7.

Overall, the hexane extract exhibited the highest activity with
ost enzymes whereas the aqueous extract was least success-

ul in depressing most enzymatic activities. In the amylase assay,
he ethyl acetate extract exerted the highest amylase inhibitory
ctivity with an acarbose equivalent of 0.74 mmol/g. However,
he same extract exhibited lower glucosidase inhibition (0.68 ±
.01 mmol  ACAE/g). Instead, the hexane extract showed the high-
st glucosidase inhibition (0.81 ± 0.01 mmol  ACAE/g) but low
nti-amylase effect (0.42 ± 0.01 mmol  ACAE/g), nearly two times
ower than glucosidase inhibitory activity. �-Amylase breakdown
olysaccharides to form disaccharides which are further broken
own by glucosidase to produce monosaccharides. The inhibition
f �-amylase is sometimes linked with gastrointestinal distur-
ance due to digestion of carbohydrates [31]. Thus, antidiabetic
rugs exhibiting moderate �-amylase but higher �-glucosidase

nhibitory potential is preferred.
The highest tyrosinase activity was recorded with methano-

ic extract (55.90 ± 1.20 mg  KAE/g) followed by the ethyl acetate
xtract (47.31 ± 1.22 mg  KAE/g), hexane (38.02 ± 4.04 mg  KAE/g)
nd aqueous (no activity was reported). These results may  be
ttributed to the presence of high phenolic content in the methano-
ic extract. Previous studies have also reported the potent inhibitory
ctivity of plant extracts on tyrosinase is attributed to their phe-
olic profiles [32], and are thus in agreement with our findings.

exane extract was the best cholinesterase inhibitor with both
ChE (2.61 ± 0.06 mg  GALAE/g) and BChE (4.87 ± 0.25 mg
ALAE/g) enzymes. Although flavonoids are reported to be efficient
holinesterase inhibitors, results from this study do not correlate
detected, ppm: parts per million.

with the observed activities. For instance, hexane extract which
contained the least amount of flavonoid demonstrated the high-
est anti-AChE and anti-BChE activity and the ethyl acetate extract
yielding the highest TFC, was least successful in depressing AChE
enzyme activity (1.25 ± 0.14 mg  GALAE/g). Therefore, it can be said
that the level of flavonoid present in extracts may  not always be
linked with cholinesterase activity. In addition to this approach,
several studies [6,33] reported that C. cajan contains other clas-
sis of phytochemicals including saponins, terpenoids and stilbenes
(cajanin etc.) and they could be responsible for the mentioned dif-
ferences in enzyme inhibition assays.

3.4. Multivariate analysis

Firstly, principal component analysis (PCA) was achieved in
order to reduce the dimensionality of the data whilst preserving
as far as possible most of the relevant information in the data set. It
accomplishes this reduction by generating a few numbers of dimen-
sions along which the variability in the dataset is maximal. Through
the factorial plan erected by a few dimensions, it is possible to visu-
ally assess differences and similarities between samples. The PCA
results are shown as Fig. 7, before starting the interpretation of the
obtained results, the optimal number of dimensions that must be
considered were identified. Thus, we followed two  rules suggested
by Solanas et al. [34]. Accordingly, three dimensions were found to
satisfy the above-mentioned rule; they had an eigenvalue above 1
and encompassed together 99.7 % of the information in the origi-
nal data (Fig. 7A). The contribution of the original variables on the
retained dimensions was determined by referring to the circle of
correlation (Fig. 7B). the first dimension which captured the maxi-
mum quantity of information, was  positively correlated with ABTS,
DPPH, FRAP and negatively linked to BChE and glucosidase. This
would suggest that the first dimension separated the samples pre-
dominantly in relation to their ability to scavenge ABTS and DPPH
radical, reduce Fe3+ ion and inhibit the activity of BChE and glu-
cosidase enzymes. Dimension 2 optimized 31.3 % of the variance
and was  positively determined by CUPRAC, PPBD, MCA, amylase
and tyrosinase. As a result, it distinguished the samples in terms
of said biological activities. Dimension 3 which represented the
leftover information was highly positive loaded for AChE and nega-
tive loaded for PPBD and amylase. Accordingly, it discriminated the
samples according to their total antioxidant, anti-AChE and anti-
amylase activities. After the reduction of the dimensionality of the
data, hierarchical clustered analysis was subjected to the results
of PCA in order to bring out the different clusters. The obtained
factor map  revealed four clusters (Fig. 7C), however ethyl acetate

and methanol extracts were close together relatively to hexane
and infusion extracts. This implies that among the four extraction
solvents, ethyl acetate and methanol presented some similarities
concerning their biological activities. A large number of publica-
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Fig. 2. Chemical structures of 12 different phenolic antioxidants identified by H
ions can be found on the influenced of the extraction solvent on the
ecovery of biopharmaceutical molecules from plants. This influ-
nce focuses on the quality and number of secondary metabolites
xtracted from the raw materials. Methanol and ethyl acetate pro-
FRAP from sample 1 (ethyl acetate), 2 (hexane), 3 (methanol) and 4 (infusion).
vided overall excellent biological activities; they exhibited high
phenolic content, strong antioxidant activities and relatively good
enzyme inhibitory properties. However, from the perspective of
food and pharmaceutical security, it is preferable to employ sol-
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Fig. 3. Overlapped chromatograms with HPLC-FRAP 595 nm and DAD 280 nm detections of hexane extract from C. cajan stem bark.

Fig. 4. Overlapped chromatograms with HPLC-FRAP 595 nm and DAD 280 nm detections of ethyl acetate extract from C. cajan stem bark.

Fig. 5. Overlapped chromatograms with HPLC-FRAP 595 nm and DAD 280 nm detections of methanol extract from C. cajan stem bark.

Table 7
Enzyme inhibitory properties of C. cajan stem bark.

Extracts AChE (mg  GALAE/g
extract)

BChE (mg  GALAE/g
extract)

Tyrosinase (mg  KAE/g
extract)

�-amylase (mmol
ACAE/g extract)

�-glucosidase (mmol
ACAE/g extract)

Hexane 2.61 ± 0.06a 4.87 ± 0.25a 38.02 ± 4.04c 0.42 ± 0.01b 0.81 ± 0.01a

EA 1.25 ± 0.14c 4.66 ± 0.07a 47.31 ± 1.22b 0.74 ± 0.03a 0.68 ± 0.01b

MeOH 2.01 ± 0.01b 2.49 ± 0.12b 55.90 ± 1.20a 0.42 ± 0.01b 0.39 ± 0.02c

Infusion na na na 0.12 ± 0.01c na

* Values expressed are means ± S.D. of three parallel measurements. GALAE: Galantamine equivalent; KAE: Kojic acid equivalent; ACAE: Acarbose equivalent; EA: Ethyl
acetate; MeOH: Methanol. na: not active. Different superscripts indicate significant differences in the extracts (p < 0.05).
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Fig. 6. Overlapped chromatograms with HPLC-FRAP 595 nm and DAD 280 nm detections of infusion from C. cajan stem bark.

F al acti
d ibutio
o

v
w
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F
d
c
s
i
s
C

ig. 7. Principal component and hierarchical clustered analyses applied to biologic
imensions of principal component analysis. B. Appreciation of the biological contr
f  correlation. C. Factor map  of Hierarchical clustering analysis.

ent such ethanol or ethanol-water since they are in compliance
ith safely manufacturing practice.

. Conclusion

The present study, for the first time, has employed the HPLC-
RAP system to identify a total of 12 phenolic antioxidants in the
ifferent extracts of C. cajan. Plants with high level of phenolics are
onsidered as a good source of antioxidants and therefore it can be

aid that C. cajan might be considered as a future source of antiox-
dants for development of bioproducts. However, cytotoxicity test
hould be conducted on the plant food to determine its safety.
ontrary to other studies [35], in this present work, the observed
vities of C. cajan stem bark. A. eigenvalue and percentage of explained variances of
n on the first three dimensions of principal component analysis through the circle

biological activities (antioxidant and enzymatic activities) could
not be fully attributed to the polyphenolic profile of the extracts
as the activities varied; whereby certain extracts possessing high
bioactive compounds demonstrated low biological activity and vice
versa. As a future work, the hexane extract, depressing most stud-
ied enzymes, can be subjected to kinetic studies to determine the
type of inhibition involved.
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