
S

O
p

C
a

b

c

a

A
R
R
A
A

K
A
P
R
U

1

i
o
m
h
a

b
[
m
t
s

p
�
d
t
T
s

h
1

Process Biochemistry 49 (2014) 1601–1605

Contents lists available at ScienceDirect

Process  Biochemistry

jo ur nal home p age: www.elsev ier .com/ locate /procbio

hort  communication

ptimization  of  ultrasound-assisted  extraction  conditions  for  total
henols  with  anti-hyperglycemic  activity  from  Psidium  guajava  leaves

hing-Wen  Liua, Yi-Cheng  Wangb,c,  Hsi-Chi  Lub, Wen-Dee  Chiangb,∗

Department of Animal Science and Biotechnology, Tunghai University, 1727, Section 4, Taiwan Boulevard, Taichung 40704, Taiwan, ROC
Department of Food Science, Tunghai University, 1727, Section 4, Taiwan Boulevard, Taichung 40704, Taiwan, ROC
Best Center for Cellular Nutrition, Han-Sient Trading Co., Ltd., 3F., 57, Section 2, Zhonghua Road, Sinzhuang District, New Taipei City 24246, Taiwan, ROC

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 26 February 2014
eceived in revised form 30 May  2014
ccepted 1 June 2014
vailable online 20 June 2014

eywords:

a  b  s  t  r  a  c  t

The  high  concentration  of  total  phenolic  compounds  (TPC)  in  Psidium  guajava  leaf  extracts  (GvEx)  is corre-
lated to  its  anti-hyperglycemic  activity.  In  this  study,  we  established  the optimum  ultrasound  extraction
conditions  for maximizing  TPC  yield.  The  response  surface  methodology  (RSM)  was  employed  for  empir-
ical  model  building.  The  maximum  value  of  TPC (26.12%)  was  obtained  at  solvent  to solid  ratio  (v/w)  of
12.1,  extraction  temperature  of  59.8 ◦C, and  extraction  time  of  5.1  min.  The  anti-hyperglycemic  activity
of  GvEx  was  compared  to  the  commonly  used  diabetic  drug  acarbose.  The  IC50 of GvEx for  �-amylase  and
nti-hyperglycemic activity
sidium guajava leaf
esponse surface methodology
ltrasound

�-glucosidase  inhibition  was  50.5  �g/mL  and  34.6 �g/mL,  respectively.  However,  the  IC50 of  acarbose  for
�-amylase  and  �-glucosidase  inhibition  was 95.3  �g/mL  and  1075.2  �g/mL,  respectively.  In  conclusion,
GvEx  obtained  under  optimum  extraction  conditions  had  higher  anti-hyperglycemic  activity  than  acar-
bose. In  addition,  the  recommended  extraction  procedures  for  GvEx  save  time  and  are  environmentally
friendly.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Psidium guajava, a member of the Myrtaceae family, grows wild
n the Torrid Zone and subtropics. The anti-hyperglycemic activity
f the guava leaves extract has been reported in vitro, in animal
odels, and in human clinical studies [1–3]. Total phenols, which

ave beneficial antioxidant and anti-hyperglycemic activity [4–6],
re one of the major biological active constituents of guava leaves.

Several environmentally friendly extraction technologies have
een developed for extraction of bioactive components of plants
7–9]. Ultrasound-assisted extraction is one of the more popular

ethods because it is an inexpensive, simple, and efficient extrac-
ion technique. It offers high reproducibility, saves time, has low
olvent consumption, and requires low energy input [10,11].

The rise in blood glucose levels is due to the hydrolysis of com-
lex carbohydrates into absorbable monosaccharides by pancreatic
-amylase and intestinal �-glucosidase. Inhibiting the carbohy-
rate hydrolyzing enzymes is an effective therapeutic approach

o moderate the postprandial increase of blood glucose level [12].
herefore, inhibition of �-amylase and �-glucosidase can be a key
trategy in the control of diabetes mellitus [13].

∗ Corresponding author. Tel.: +886 4 23590121x37311; fax: +886 4 23599059.
E-mail address: wdc@thu.edu.tw (W.-D. Chiang).

ttp://dx.doi.org/10.1016/j.procbio.2014.06.009
359-5113/© 2014 Elsevier Ltd. All rights reserved.
The purpose of this study was to develop an efficient and envi-
ronmentally friendly ultrasound-assisted extraction procedure for
total phenols in guava leaves. Total phenol yield, phenolic compo-
sition, antioxidant and anti-hyperglycemic activities of the extracts
were also evaluated.

2. Materials and methods

2.1. Materials

Psidium guajava leaves of Jen Ju Pa (Myrtaceae family) were har-
vested in Jing-cin Farm (Tianzhong Township, Changhua County,
Taiwan) during the stages of appearance of flower buds to flower
buds visible. The resource of plant materials were taxonomically
identified and deposited in Fengshan Tropical Horticultural Exper-
iment Branch, Taiwan Agricultural Research Institute Council of
Agriculture, Executive Yuan (FTHA000282).

2.2. Guava leaves extraction

The extraction was assisted with ultrasound probe (BRANSON,

Danbury, CT, USA) and ultrasonic power was fixed at 1100 W.  Dis-
tilled water was  used as the only extraction solvent in this study.
The aqueous extract was  filtered through a filter paper and con-
centrated, freeze-dried and then stored at −80 ◦C pending further

dx.doi.org/10.1016/j.procbio.2014.06.009
http://www.sciencedirect.com/science/journal/13595113
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nalysis. For all experiments performed in this study, individual
xtraction was carried out with an 800 mL  solvent.

.3. Single factor and optimization experimental design

The effects of v/w, temperature, and time on TPC values were
tudied by changing the level of each factor one at a time while
eeping the other two constant. The keeping condition were 10 of
/w, 60 ◦C of temperature and 5 min  of time. A 3-factor-5-level cen-
ral composite rotatable design (CCRD) was used in optimization
xperimental design [14]. The ranges of three variables includ-
ng v/w (X1), extraction temperature (X2), and extraction time (X3)

ere determined by the single factor test.

.4. TPC measurement

The concentration of TPC was determined according to the Folin-
iocalteu method [15]. Gallic acid solution was used as a standard
nd TPC concentration in extract was then expressed as gallic acid
quivalent (%).

.5. HPLC analysis

Separation of phenolic compounds were performed on an Agi-
ent C18 column (Santa Clara, CA, USA) with 1.0 mL/min flow rate
s described by Yue et al. [16]. The phenolic compounds were cal-
brated to their respective standard curve and then expressed as a
roportion (%) of total extract.

.6. Antioxidant activity

.6.1. ABTS assay
The ABTS assay was determined according to previous methods

17,18]. The appropriately diluted samples (1000, 500, 250, 125,
nd 62.5 �g/mL) and trolox (50, 40, 30, 20, 10, 5, 2.5 �g/mL) were
sed in the assay. The activities were expressed as �g of trolox
quivalent.

.6.2. Reducing power
This was determined according to a method described by Oyaizu

19]. The appropriately diluted samples (1000, 500, 250, 125, and
2.5 �g/mL) or ascorbic acid (70, 60, 50, 40, 30, 20, 10 �g/mL) were
sed in the assay. The results were expressed as �g of ascorbic acid
quivalent.

.7. In vitro anti-hyperglycemic activity

.7.1. Inhibition of ˛-amylase
This assay was performed as described previously [20]. The sam-

le solution at various concentrations (150, 100, 50, 25, 12.5 �g/mL)
as used for analysis of enzyme inhibition. Absorbance was  mea-

ured at 540 nm using a spectrophotometer (Agilent Varian Cary 50,
anta Clara, CA, USA). Acarbose was used as a positive control for
his assay. In control group which had 100 �l of buffer solution in
lace of the sample solution. Percent inhibitory activity was  calcu-

ated as follows: % inhibition = [(AControl − ASample)/(AControl)] × 100.

.7.2. Inhibition of ˛-glucosidase
The �-glucosidase from Saccharomyces cerevisiae was used for

nhibitory assay described by Shim et al. [21]. The sample solution

t various concentrations (75, 50, 25, 12.5 and 7.5 �g/mL) was  used
or analysis of enzyme inhibition and absorbance was recorded at
00 nm.  Percent inhibitory activity was calculated as follows: %

nhibition = [(AControl − ASample)/(AControl)] × 100.
istry 49 (2014) 1601–1605

2.8. Statistical analysis

The response surface regression procedure of the SAS statistical
software package [22] was  used to analyze the experimental data.

3. Results and discussion

3.1. Single factor optimization for extraction

Our results revealed that v/w of 12 resulted in the highest
TPC value (26.01%) (Fig. 1A). However, v/w above 12 resulted in
a decrease could be due to dissolved polysaccharides and/or other
compounds that interfered with phenol extraction. Raising extrac-
tion temperature from 25 to 60 ◦C increased TPC values, reaching
a maximum of 23.38% at 60 ◦C (Fig. 1B). Beyond 60 ◦C, TPC values
started to decline because excessively high temperatures may  have
degraded the phenolic compounds [16,23,24]. Fig. 1C shows that
TPC values increased as extraction time increased from 0.5 to 5 min.
No further increases were recorded beyond the 5 min  extraction
time.

3.2. Optimization of parameters by RSM

According to the results of single factor tests, the parame-
ters for v/w (12), extraction temperature (60 ◦C) and extraction
time (5 min) were selected for the subsequent RSM study to
optimize extraction conditions. Multiple regression analysis was
applied to the experimental data (Supplementary data, Table
S1) producing the following second-order polynomial equa-
tion: Y = 26.21 + 0.132X1 − 0.097X2 + 0.416X3 − 0.218X1X2 +
0.118X1X3 + 0.018X2X3 − 3.718X2

1 − 3.657X2
2 − 2.738X2

3 . The
regression equation has a coefficient of determination (R2) of
0.915, indicating a close agreement between the observed and
predicted values. The model was significant (p < 0.01), and there
was a moderate lack of fit (p > 0.05), indicating that the second
order model was  appropriate for describing the response surface
(Supplementary data, Table S2). Fig. 2A shows that the optimum
v/w was  in the range of 11 to 13 while optimal temperature
was around 60 ◦C. Fig. 2B shows the effect of v/w and time on
the TPC of GvEx. The highest TPC value was  obtained with a
4–6 min  extraction time and v/w range of 11–13. The effect of
extraction temperature and time on TPC content of GvEx is shown
in Fig. 2C. The optimal conditions for maximum TPC extraction
were 50–60 ◦C of extraction temperature and between 5 and 6 min
of extraction time.

Analysis of the surface response revealed that the stationary
point for the extraction of TPC yield from guava leaves was a true
maximum. The maximum predicated value of TPC yield was 26.23%
under the following extraction conditions: a solvent to solid ratio
of 12.1, an extraction temperature of 59.8 ◦C, and an extraction
time of 5.1 min. In addition, the verification studies also proved
that the predicted value of TPC for the model could be realistically
achieved within a 95% confidence interval of experimental values
(Supplementary data, Table S3).

3.3. HPLC analysis

Phenolic compounds, such as gallic acid, catechins, chlorogenic
acid, caffeic acid, and quercetin, are important plant components
because of their antioxidant and anti-hyperglycemic activities
[25–29]. Table 1 shows that catechin (2.25%) and epicatechin

(1.45%) were the predominant polyphenols. Gallic acid (0.87%),
quercetin (0.83%), chlorogenic acid (0.62%), epigallocatechin gallate
(0.47%) and caffeic acid (0.11%) were present in lower concentra-
tions in GvEx. The composition of phenolic compounds indicates
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Fig. 1. Effects of (A) solvent to solid ratio, (B) extraction temperature, and (C) extrac-
tion time on total phenols content of extraction. The maximum TPC values were
observed separately at a solvent to solid ratio of 12 (26.0 ± 1.46%), extraction tem-
perature of 60 ◦C (23.4 ± 0.35%), and an extraction time of 5 min  (23.4 ± 0.35%). Data
are  expressed as mean ± SD (n = 3).

Fig. 2. Response surface plots showing the effects of variables one the TPC of extract.
(A) Interaction of the solvent to solid ratio and extraction temperature. The optimum
v/w was in the range of 11–13 while optimal temperature was around 60 ◦C. (B)
Interaction of the solvent to solid ratio and extract time. The maximum TPC value
was obtained with a 4–6 min  time and a v/w range of 11–13. (C) Interaction of
the  extraction temperature and time. The optimal conditions for maximum TPC
extraction were; 50–60 ◦C of temperature and between 5 and 6 min  of time.
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Table 1
Phenolic compounds of guava leaf extracta. The major components of extract were
catechin (2.25 ± 0.29%) and epicatechin (1.45 ± 0.13%).

Compounds Content (%)

Gallic acid 0.87 ± 0.02
Chlorogenic acid 0.62 ± 0.05
Caffeic acid 0.11 ± 0.01
Catechin 2.25 ± 0.29
Epicatechin 1.45 ± 0.13
Epigallocatechin gallate 0.47 ± 0.06
Quercetin 0.83 ± 0.06

a Data are expressed as mean ± SD (n = 5).

Fig. 3. (A) The trolox equivalent ranged from 75.3 ± 22.2 to 1217.5 ± 32.1 �g/mL
when the concentration of GvEx was  between 62.5 to 1000 �g/mL. (B) The reducing
power of ascorbic acid equivalent ranged from 29.0 ± 1.82 to 466.5 ± 4.78 �g/mL
w
e

t
i

3

t
(
t

Fig. 4. (A) �-Amylase and (B) �-glucosidase inhibition by guava leaf extract and
acarbose. The IC50 of guava leaf extract and acarbose on �-amylase are 50.5 �g/mL

creatic �-amylase activity, 34.5% of sucrase activity and 27.3%
hen the concentration of GvEx was between 62.5 and 1000 �g/mL. Data are
xpressed as mean ± SD (n = 5).

hat GvEx has potential antioxidant and anti-hyperglycemic activ-
ties.

.4. Antioxidant activity of GvEx

The trolox equivalent ranged from 75.3 to 1217.5 �g/mL when

he concentration of GvEx was between 62.5 to 1000 �g/mL
Fig. 3A). The ABTS radical scavenging activity of 1 g GvEx was equal
o that of 1.22 g trolox, suggesting that GvEx has better antioxidant
and 95.3 �g/mL respectively. The IC50 of guava leaf extract and acarbose on �-
glucosidase are 34.6 �g/mL and 1075.2 �g/mL respectively. Data are expressed as
mean ± SD (n = 3).

activity than trolox. The reducing power of ascorbic acid equiva-
lent ranged from 29.03 to 466.49 �g/mL when the concentration
of GvEx was between 62.5 to 1000 �g/mL (Fig. 3B). The reducing
power of 1 g GvEx was  equal to 0.47 g ascorbic acid. High correlation
was found between ABTS radical scavenging activity and reduc-
ing power (R2 = 0.996, p < 0.001), indicating the dual antioxidant
mechanisms of GvEx.

3.5. Anti-hyperglycemic activity of GvEx in vitro

Several studies have reported the inhibitory effects of total
phenols on �-amylase and �-glucosidase activities [27–30]. The
potency of GvEx as an inhibitor of pancreatic �-amylase activity
was shown in Fig. 4A. The inhibition was dose-dependent with an
IC50 value of 50.5 �g/mL. Acarbose, a known pancreatic �-amylase
inhibitor, was  showed an IC50 of 95.3 �g/mL. Effects of GvEx on
�-glucosidase inhibition occurred in a concentration-dependent
manner with an IC50 value of 34.6 �g/mL (Fig. 4B). It should be noted
that acarbose showed the least �-glucosidase inhibitory activity
with an IC50 value of 1075.2 �g/mL.

Deguchi et al. [2] indicated that hot water extracts of dried
guava leaves inhibited pancreatic �-amylase, intestinal maltase
and sucrase with IC50 values of 600, 2100, and 3600 �g/mL,
respectively. Wang et al. [3] reported that 1500 �g/mL extracts
of dried leaves, extracted with water, inhibited 29.3% of pan-
of maltase activity, respectively. The differences in leaf extract
inhibitory activity between our study and other studies could have
been caused by differences in freshness of leaves, plant variety
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nd growing environment. In addition, our condition (ultrasound
ssisted extraction at moderate temperature for a short time) may
xtract and/or preserve more bioactive compounds which with
nti-hyperglycemic activities.

. Conclusions

In conclusion, the distinguishing features of the proposed
ltrasound-assisted extraction of total phenols from guava leaves
re the time-saving and environmentally friendly procedures. In
ddition, the optimization of extraction parameters for total phe-
ols from guava leaves, presented in this study, gives a foundation

or the development and utilization of guava leaf resources.
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