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a  b  s t  r  a c  t

This  study  uses  high  performance  liquid chromatography  and  capillary  electrophoresis  as  analytical  tools

to  evaluate  flavonoids  in hydrolyzed  leaves  extracts  of Rubus  erythrocladus  Mart.,  Rosaceae,  and  Morus

nigra  L., Moraceae. For  phytochemical  analysis,  the  extracts  were  prepared  by  acid  hydrolysis  and ultra-

sonic  bath  and analyzed  by  high  performance  liquid  chromatography  using  an  ultraviolet  detector and

by  capillary  electrophoresis  equipped with  a diode-array  detector. Quercetin  and  kaempferol  were  iden-

tified  in  these  extracts.  The analytical  methods  developed  were  validated and applied.  Quercetin  and

kaempferol  were  quantified  in R.  erythrocladus,  with 848.43  ± 66.68 �g g−1 and  304.35  ± 17.29  �g g−1,

respectively,  by  HPLC-UV  and quercetin, 836.37  ± 149.43  �g g−1, by  CE-DAD.  In  M.  nigra  the  quan-

tifications  of quercetin and  kaempferol  were  2323.90 ± 145.35  �g g−1 and  1446.36 ± 59.00  �g  g−1,

respectively,  by  HPLC-UV  and, 2552.82 ± 275.30  �g g−1 and  1188.67  ± 99.21 �g g−1,  respectively,  by  CE-

DAD.  The  extracts  were  also  analyzed  by  ultra-performance  liquid  chromatography  coupled  with  a

diode-array  detector  and  mass  spectrometer  (MS),  UPLC-DAD/MS.

© 2015  Sociedade Brasileira  de Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  All rights reserved.

Introduction

The fruits of Rubus (Rosaceae) and Morus (Moraceae) have been

extensively studied around the world because of their beneficial

effects on health. Rubus, popularly known as the genus of rasp-

berries and blackberries, is  widely distributed around the world,

both as wild and cultivated species (Deighton et al., 2000). Morus

is known as the genus of mulberry, and is found from temper-

ate regions to  subtropical regions of  the Planet (Gundogdu et al.,

2011). In Brazil, plants belonging to the genus Morus are listed by

the government as interesting to research because of  their use in

folk medicine, and their potential for use as phytotherapics (Portal

da Saúde, 2013). However, Rubus and Morus are often mistaken in

the differentiation, due to the similarity of their fruits. Also, there

is a lot of information about the fruits of these species, but little

information about their leaves.
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Studies have shown that Rubus leaves demonstrate antioxi-

dant (Venskutonis et al., 2007; Martini et al., 2009), anticancer

(Durgo et al., 2012), gastrointestinal (Rojas-Vera et al., 2002),

antiangiogenic (Liu et al.,  2006), antithrombotic (Han et  al., 2012),

hypoglycemic (Jouad et al., 2002), antimicrobial (Panizzi et al.,

2002; Thiem and Goslinska, 2004; Martini et al., 2009; Ostrosky

et al., 2011) and anxiolytic activities (Nogueira et al., 1998;

Nogueira and Vassilieff, 2000). For the leaves of Morus, there are

studies reporting antioxidant (Katsube et al., 2010; Choi et al.,

2013), anticancer (Dat et al., 2010; Skupien et al., 2008), hypo-

glycemic (Volpato et al., 2011; Chung et al., 2013), anti-obesity (Oh

et al., 2009; Tsuduki et al., 2013), antimicrobial (Omidiran et al.,

2012) and vasodilation activities (Xia et al., 2008).

Flavonoids derived from quercetin and/or kaempferol were

reported in  extracts of Rubus leaves analyzed by TLC (Tzouwara-

Karayanni and Philianos, 1982), HPLC (Venskutonis et  al., 2007;

Martini et al., 2009; Durgo et al., 2012; Gudej and Tomczyk, 2004)

and NMR  (Panizzi et al.,  2002; Han et al., 2012; Gudej, 2003). There

are no studies about analysis of Rubus leaves by CE, and the species

erythrocladus has never been studied before. In  Morus leaves, sec-

ondary metabolites derived from quercetin and/or kaempferol have

http://dx.doi.org/10.1016/j.bjp.2015.04.003
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been identified by  HPLC (Katsube et al., 2010; Thabti et al., 2012;

Choi et al., 2013), and by  NMR  (Dat et al., 2010; Katsube et al., 2010),

and there are two studies on the chemical composition of Morus

alba by CE  (Suntornsuk et  al., 2003; Chu et  al., 2006).

High performance liquid chromatography is a classic method

used for the separation and quantification of secondary metabolites

in plant extracts but sometimes it can be  an expensive analyti-

cal tool (Merken and Beecher, 2000). Capillary electrophoresis is

characterized by high separation efficiency and good compromise

between analysis time and satisfactory characterization of pheno-

lic compounds in  plants. The low operational cost and the small

residue generation make this technique an attractive option for

the development of analytical methods for phytochemical analysis

(Carrasco-Pancorbo et al., 2006).

The aim of  this study was to develop HPLC-UV and CE-DAD ana-

lytical methods for the evaluation of quercetin and kaempferol

in Rubus erythrocladus Mart. and Morus nigra L. leaves extracts.

The results were statistically analyzed using validation parameters

and the methods were applied to determine the amount of these

flavonoids in these samples.

Experimental

Samples

Leaves  of  Rubus erythrocladus Mart., Rosaceae, were collected at

Embrapa – Temperate Climate (Pelotas, Brazil) and leaves of Morus

nigra L., Moraceae, were collected in  Porto Alegre (Brazil). Vouchers

have been deposited in the Herbarium – UFRGS, Federal University

of Rio Grande do  Sul (179856 and 176765, respectively). The sam-

ples were dried at room temperature for two weeks and kept in  the

dark.

Chemicals and materials

Quercetin  (purity ≥ 98%) and kaempferol (purity ≥ 97%) were

obtained from Sigma (USA) and methylparaben from Fluka (USA).

HPLC-grade acetonitrile and methanol were purchased from

Merck (Germany). Throughout the study, deionized and ultra-

pure water were used. All  other chemicals were analytical grade.

Dichloromethane and hydrochloric acid were obtained from Synth

(Brazil), trifluoroacetic acid from Vetec (Brazil), and ethyl acetate,

sodium hydroxide and sodium tetraborate decahydrate from Merck

(Germany).

HPLC conditions

HPLC analysis were performed on a Waters Alliance 2695 (USA)

chromatograph using a UV detector (UV/VIS Waters 2487, USA) and

a C18 reversed-phase column (Phenomenex, 150 × 4.6 mm,  4 �m)

with guard-column (C18). The Empower software was  used for

the data acquisition. A  photodiode array detector (DAD) (UV/VIS

Waters 996, USA) was also used to evaluate the specificity.

Flavonoids were eluted using a  gradient system. Mobile phase

A consisted of water with 0.01% (v/v) of trifluoroacetic acid and B

consisted of acetonitrile with 0.08% (v/v) of trifluoroacetic acid. The

gradient profile was: 0 min  50% of B, 0–2  min  60% of B, 2–4 min  80%

B and 4–7 min  95% B.  The flow-rate was 0.6 ml  min−1 and detection

was at 370 nm.

UPLC conditions

An  Ultra Performance Liquid Chromatography (Waters Acquity

UPLC, USA) equipped with a  diode array detector (DAD) cou-

pled with eletrospray ionization in  the positive ion mode (ESI(+))

quadrupole time-of-flight (Q-Tof) mass spectrometry (MS) (MS  Q-

Tof Micro-Micromass) was used. The separation of the compounds

was  performed on a  C18 reverse phase column (Acquity UPLC beh,

50.0 × 2.1 mm,  1.7 �m).  The software program Mass Lynx v.4.1

was used for the analysis and data acquisition and the program

Acquity UPLC Columns Calculator v.1.1.1 was used to adjust the

HPLC method to  the UPLC method.

Mobile  phase A consisted of water with 0.1% (v/v) of  formic acid

and acetonitrile B with 0.1% (v/v) of  formic acid. The gradient was

0 min  50% of B,  0–0.09 min  60% of B, 0.09–0.38 min  80% of B and

0.38–0.80 min  95% of  B.  Column temperature was  maintained at

25 ◦C, flow rate was 0.294 ml  min−1, injection volume was 1.0 �l

and detection was between 200 and 400 nm.

CE  conditions

The CE  assays were conducted in a  capillary electrophoresis

system  (Agilent Technologies, model 7100, Palo Alto, CA, USA)

equipped with a diode array detector, temperature-control device

(maintained at 25 ◦C) and data acquisition and analysis software

supplied by the manufacturer (HP ChemStation®). Before the first

run, the capillary column was sequentially rinsed with 1  mol l−1

NaOH (30 min) and water (30 min). Between runs, the capillary was

flushed for 1 min  with background electrolyte (BGE). At  the begin-

ning of each day the capillary was  conditioned by  flushing with

1 mol  l−1 NaOH (20 min), followed by a  20 min  flush with deion-

ized water and an electrolyte solution (20 min). Between runs, the

capillary was reconditioned with 1 mol  l−1 NaOH (2 min), deionized

water (1 min) and electrolyte solution (2 min). At  the end of  each

working day, the capillary was  rinsed with 1 mol l−1 NaOH (10 min)

and water (10 min).

Separations were conducted in  an uncoated fused-silica

capillary 48.5 cm in  length (40 cm effective length × 50 �m

I.D. ×  375 �m O.D.). Direct UV detection was set at 210 nm, and the

temperature was  maintained at 25 ◦C.  The standards and samples

were introduced to the capillary with a  hydrodynamic pressure of

50 mbar, for 3 s.  The separation voltage applied was 30 kV under

normal polarity. The optimized BGE used in the proposed method

was comprised of 20 mmol l−1 (pH 9.2) and 10% (v/v) acetonitrile,

and methylparaben was used as internal standard, diluted to  obtain

a final concentration of 45.46 �g ml−1.

Standard  preparation and calibration curves

The standard stock solutions were prepared by dissolving 1 mg

of each compound in 1 ml  of methanol. These solutions were stored

in dark glass bottles at 4 ◦C. Working standard solutions were

freshly prepared by dissolving a  suitable amount of the above

solutions with methanol before injection. Analytical curves for

both quercetin and kaempferol were prepared, with nine points

between 1 and 100 �g ml−1 for the HPLC analysis and seven points

between 15 and 150 �g ml−1 with increments of methylparaben,

45.46  �g ml−1,  for the CE  analysis.

Sample preparation of extracts

Boiling water (10 ml)  was  added to 0.1  g of  dried, crushed leaves

and this infusion process was  maintained for 15 min. The extract

was filtered and partitioned with ethyl acetate (5 ×  20 ml)  and the

organic phase was evaporated (extract 1). The solid residue was

dissolved in 1 ml of methanol and 14  ml  of HCl 50% (v/v). The sam-

ple was  hydrolyzed for 2 h in  an  ultrasound bath, then partitioned

with dichloromethane (5 × 20 ml). The organic phase was evapo-

rated and dissolved in  5 ml of methanol (extract 2). This extract was

filtered through a  0.22 �m membrane (Durapore, USA), injected in

HPLC-UV, HPLC-DAD, UPLC-DAD/MS and CE-DAD with no dilution.

For the CE  analysis, methylparaben (45.46 �g ml−1) was added to

the samples as internal standard.
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Fig. 1. Chromatograms of Rubus erythrocladus (A) and Morus nigra (B) hydrolyzed leaf extracts by  HPLC-UV, 370 nm. Q = quercetin and K = kaempferol.

Validation

The HPLC and CE methods were validated for the quantitative

analysis of quercetin and kaempferol present in  R.  erythrocladus and

M.  nigra leaves, in accordance with the International Conference on

Harmonization guidelines, using the parameters of linearity, speci-

ficity, precision, accuracy (recovery test), limit of detection, limit

of quantification and robustness (ICH, 2005). For validation in CE,

we always used an internal standard (IS) – methylparaben – to give

greater certainty to  the results.

Specificity was determined by checking the peak purity of

the quercetin and kaempferol peaks, using a  photodiode-array

detector by HPLC and CE. Linearity was analyzed using three

standard curves obtained on three different days at nine differ-

ent concentrations of quercetin and kaempferol (1–100 �g ml−1)

by HPLC and seven different concentrations of quercetin and

kaempferol (15–150 �g ml−1) by  CE. For electrophoresis analysis,

45.46 �g ml−1 of methylparaben was added in  all the calibration

curve points, as internal standard. Linearity was  evaluated by cal-

culating the regression line using the least squares method.

Precision was performed in two different levels: intra-day

precision and inter-day precision. The intra-day precision was

determined after analyses of three solutions prepared at differ-

ent concentrations, in triplicate, injected in one day. The inter-day

precision was studied by analyzing a  solution of quercetin and

kaempferol, prepared in triplicate, over three consecutive days.

The accuracy (assay recovery) of the method was assessed by ana-

lyzing samples of R. erythrocladus and M. nigra, by  HPLC and CE,

respectively – the samples were spiked with known amounts of

quercetin and kaempferol standard solutions at three different con-

centrations: 20, 40 and 60 �g ml−1 of quercetin and kaempferol for

chromatography analysis and 30, 60 and 90 �g ml−1 of quercetin

and kaempferol for electrophoresis analysis. Accuracy was deter-

mined by the mean concentration recovered, and the results were

expressed as recovery percentage.

Detection (LOD) and quantitation (LOQ) limits were calculated

directly from the standard curve. LOD was  calculated by  the equa-

tion 3.3 �/S, while for LOQ, the equation 10 �/S was used, where �
is the SD of y intercepts of regression lines and S  is  the slope of  the

standard curve.

Robustness was  available from the injection of a  quercetin and

kaempferol solution by normal conditions and by  varying the fol-

lowing analytical parameters: chromatographic column batch, pH

of the mobile phase and flow rate for HPLC and temperature of

cassette, injection time and organic solvent of electrolyte for CE.

Results  and discussion

The  flavonoids quercetin and kaempferol were identified in

hydrolyzed leaves extracts of R. erythrocladus and M. nigra by
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Fig. 2. Electhropherograms of Rubus erythrocladus (A) and Morus nigra (B) hydrolyzed leaves extracts by  CE-DAD, 200 nm. EOF  +  # =  electroosmotic flow +  unidentified peak,

IS  = internal standard, K = kaempferol and Q =  quercetin.

Table 1
Linear equation, linearity, limit of detection (LOD) and quantification (LOQ), intra-day and inter-day precision (values expressed in RSD%) and recovery of quercetin and

kaempferol by HPLC-UV and CE-DAD.

Flavonoid Linear equation R2 LOD  (�g  ml−1) LOQ (�g ml−1)  Precision intraday Precision interday Mean recovery (%) ± RSD%

HPLC Quercetin y  = 83082x + 42,829 0.9996 0.9519 2.8844 0.30 1.69 95.35 ± 2.88

Kaempferol y  = 69225x + 56,605 0.9995 1.0519 3.1876 0.23 2.02 95.76 ± 2.77

CE Quercetin y  = 0.0176x +  0.0276 0.9979 5.3043 16.0737 2.48 7.76 104.56 ± 1.77

Kaempferol y  = 0.0203x +  0.005 0.9987 4.1887 12.6931 3.68 8.44 104.31 ± 1.66

Table 2
Different parameters and results of robustness of  quercetin and kaempferol in HPLC-UV and CE-DAD methods. Values expressed in mean (%)  ±  RSD%.

HPLC parameter Quercetin Kaempferol CE Parameter Quercetin Kaempferol

Flow 0.55 ml  min−1 109.40 ± 0.31 109.40 ± 0.45 25.5 ◦C  97.63 ± 0.26 106.27 ± 0.07

Flow  0.65 ml  min−1 92.35 ± 0.26 92.38 ± 0.02 24.5 ◦C  98.39 ± 0.63 106.37 ± 0.71

0.005% TFA 95.89 ± 7.70 93.50 ± 11.58 2 s 95.76 ± 1.87 107.73 ± 0.14

0.015% TFA 101.57 ± 0.13 100.14 ± 0.39 4 s 97.94 ± 0.25 103.19 ± 4.12

0.04%TFA 102.96 ± 0.61 100.89 ± 0.69 5.0% 99.30 ± 3.71 98.73 ± 2.41

0.12% TFA 104.90 ± 0.16 104.28 ± 0.05 15.0% 98.77 ± 1.43 104.76 ± 0.16

DAD  94.27 ± 0.54 94.29 ± 0.71 – – –
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Table 3
Quantification of quercetin and kaempferol in hydrolyzed leaves extracts of Rubus erythrocladus and M. nigra by HPLC-UV and CE-DAD. Values expressed as �g g−1 of dried

plant (D.P.).

Flavonoid R.  erythrocladus Mean (�g g−1)  ± RSD% M. nigra Mean (�g g−1)  ±  RSD%

HPLC Quercetin 848.43  ±  10.48 2323.90 ± 7.28

Kaempferol 304.35  ±  6.83 1446.36 ± 6.72

CE Quercetin 836.37  ±  9.36 2552.82 ± 7.96

Kaempferol N.Q. 1188.67 ± 9.20

N.Q. = not quantified.
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Fig. 3.  Chromatograms of Rubus erythrocladus (A) and Morus nigra (B) hydrolyzed leaf extracts by UPLC-DAD/MS, 200–400 nm.  Q = quercetin and K = kaempferol.
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Fig. 4.  Mass and UV spectra of quercetin (A) and kaempferol (B) of Rubus erythrocladus hydrolyzed leaf extracts by UPLC-DAD/MS.

chromatography (Fig. 1) and electrophoresis (Fig. 2). The

hydrolyzation process gives us clearer chromatograms than crude

extract and the identification of quercetin and kaempferol in

hydrolyzed leaves extracts suggests the presence of quercetin and

kaempferol derivative compounds in these leaves too.

HPLC  methods are developed based on the polarity of the

molecules. This differs from the CE methodology, in  which both

flavonoids were ionized in the electrolyte used in this work, so

that the separation of quercetin and kaempferol was  determined

by their molecular weight. First we observed the electromigration

of kaempferol (MW  = 286.24) and then we observed the electromi-

gration of quercetin (MW  = 302.2).

The  pH of the buffer will influence the degree of ionization of

the solutes, and hence, their electrophoretic mobilities. Given that

the pKa of quercetin is  7.76 and the pKa of kaempferol is 7.89

(Tungjai et al.,  2008), sodium tetraborate (pH 9.2) was  chosen as

the electrolyte system to initiate the optimization procedure. At

this  pH, the electroosmotic flow is usually greater than the elec-

trophoretic velocities of the anions, so quercetin and kaempferol

(negatively charged), which are attracted to  the positive elec-

trode, are carried toward the cathode. In this case, anions elute

in inverse sequence to their charge-to-size ratios. Initial results

have shown that insufficient resolution occurred with electrolyte

system containing only tetraborate, so the use of  an additional

modifier was required. A dramatic improvement can be obtained

in selectivity, resolution, and separation efficiency when organic

solvents, such as methanol, ethanol and acetonitrile or mixtures

thereof, are added to  the electrolyte (Baker, 1995). The acetoni-

trile concentration was studied over the range of 0–15% for a fixed

amount of sodium tetraborate, and 10% (v/v) was selected because

it represented a  compromise between resolution and analysis time.

The separation of quercetin, kaempferol and I.S. methylparaben

under investigation at the optimized conditions is  shown in

Fig. 2.
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Methods validation

All  the parameters tested in the validation methods for the quan-

tification of quercetin and kaempferol in  hydrolyzed leaf extracts

of R. erythrocladus and M. nigra showed satisfactory results, with

RSD of less than 15% (Tables 1 and 2). The purity of the chro-

matographic and electrophoretic peaks obtained for quercetin

and kaempferol was evaluated using a  DAD detector. The results

showed that other compounds did not co-elute/migrate with the

standards.

Sample analysis

It  was possible to apply the developed methods in Rubus and

Morus samples (Table 3). By CE, kaempferol could not  be quanti-

fied in  R. erythrocladus. This result is  due to the lower sensitivity

of this technique, as shown in Table 1.  The CE sensitivity is related

to the capillary detection window, capillary diameter and light UV

dispersion (Li, 1996). Less diluted samples could have provided bet-

ter results. Applying the analytical tool t-student it was  observed

that no significant differences were observed in the quantities of

these flavonoids between the two  forms of analyses – HPLC and CE

(p >  0.05) – Table 3.

In  R. erythrocladus, adding the quantities of quercetin and

kaempferol, we found 0.12% and 0.08% of these substances by

HPLC and CE, respectively, less than has been reported for other

R. species: 1.06% for Rubus nessensis and 0.27% for Rubus frutico-

sus by HPLC (Gudej and Tomczyk, 2004). Analyzing the amounts

of quercetin and kaempferol quantified in M. nigra extract by CE

(2552.82 �g g−1 and 1188.67 �g g−1 of dried plant, respectively),

intermediate values were observed, compared to the values for

leaf extracts of M.  alba identified in the literature. Authors of other

works have reported only 4.0 �g g−1 of dried plant of quercetin in

this species (Chu et al., 2006). In contrast, some studies have quan-

tified 4520.00 �g g−1 of dried plant of quercetin in  leaves of M. alba

(Suntornsuk et al., 2003).
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Both analytical techniques proved to be fast and reliable. The

HPLC method could be applied as a  form of quality control of

quercetin and kaempferol in hydrolyzed leaf extracts of R. ery-

throcladus and M.  nigra. Even with the lower sensitivity of the CE

method, it is possible to observe higher efficiency of separation

peaks (Fig. 2). The high versatility, the low volume of reagents and

sample, and the good results obtained for quercetin and kaempferol

quantification by  CE suggest that this analytical tool could be

applied as a  complementary technic for the quality control of these

compounds in  natural products.

Botanical and chemical analyses of plants are very important for

the identification and quality control of medicinal plants (Brazilian

Pharmacopoeia, 2010). By UPLC-DAD/MS, a difference was iden-

tified between the chemical qualitative profiles of the Rubus and

Morus species (Fig. 3).

All peaks were fragmented, but only quercetin and kaempferol

(at 0.58 and 0.69 s,  respectively) were identified in hydrolyzed

leaf extracts of R. erythrocladus and M. nigra by  UPLC-DAD/MS

(Figs. 4 and 5,  respectively).

The  presence of kaempferol and quercetin in Rubus and Morus

chromatograms, and small unidentified peaks in  the chromatogram

for R. erythrocladus (Fig. 3) by  UPLC-DAD/MS suggest that the Rubus

leaf extract may  be more complex than the Morus leaf extract.

Conclusions

It  was possible to determine the flavonoids present in

hydrolyzed leaves extracts of R.  erythrocladus and M. nigra and it

was showed two fast and reliable methods to quantify quercetin

and kaempferol in these extracts, HPLC-UV and CE-DAD. These two

methods were validated and could be applied to the quality con-

trol of these extracts. Moreover, we  report chemical differences

between the Morus and Rubus leaves studied by UPLC-DAD/MS and

we also contribute with new information about the Morus genus

for the Brazilian government.
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