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ABSTRACT

Total anthocyanins from Campbell Early grape peel were extracted by
using ultrasonic-assisted extraction technology. The experiments were per-
formed according to a five-level, three-variable central composite rotatable
design. The best possible combinations of extraction variables were obtained
for the maximum extraction of total anthocyanins from grape peel using
response surface methodology. The optimal extraction conditions include
52.35% ethanol, 45.14C temperature and 24.50 min time for the maximum
total anthocyanins (6.26 mg/mL). Under these conditions, the experimental
total anthocyanins were 6.24 mg/mL of the grape peel extract, which is well
matched with the predicted values.

PRACTICAL APPLICATION

Anthocyanins are functional compounds and natural food colorants,
which can replace synthetic colors. Grapes and grape residues are good
sources of anthocyanins, and maximum recoveries of these compounds are
possible by using optimized extraction processes. In our study, we have opti-
mized the ultrasonic-assisted extraction of anthocyanins from grape peel by
using central composite rotatable design and response surface methodology.
This extraction method is an inexpensive, because of low instrumental involve-
ment, simple and efficient alternative to conventional extraction techniques.
Optimized extraction conditions predicted and validated in our study can be
used for improved recovery of anthocyanins from grape peel.
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INTRODUCTION

Interest in the investigation of active components from natural sources
such as fruits and vegetables has greatly increased in recent years. The reason
for this increased interest is the restricted use of synthetic additives in foods
because of the possible undesirable effects on human health (Jayaprakasha
et al. 2003). Grapes are among the most widely consumed fruits, and the
demand for grapes and grape products is increasing because of the associated
health benefits (Ghafoor et al. 2008). Grapes are rich in polyphenolic com-
pounds (Sanchez-Alonso et al. 2008) with approximately 75% of grape
polyphenols existing in the skin and seeds. Grape skin phenols may be clas-
sified as cell-wall phenols; phenols confined in the vacuoles and phenols
associated with the cell nucleus (Pinelo et al. 2006). Grape skin also contains
anthocyanins, which are used to produce authorized colorants, nutraceuticals
and drugs (Bordignon-Luiz et al. 2007). Anthocyanins account for 30% of the
total polyphenols in grape (Yoo et al. 2007) and possess strong biological
functions, such as anti-inflammatory and antioxidant activities (Kong et al.
2003). These compounds are also reported to inhibit the oxidation of human
low-density lipoproteins in vitro (Meyer et al. 1997).

Extraction is a very important stage in the isolation, identification and use
of functional compounds from plant materials (Lapornik et al. 2005). The
recovery of these components is commonly performed through a solvent
extraction procedure, and the concentration of solvent, temperature and time
are important parameters to be optimized (Spigno et al. 2007). Response
surface methodology (RSM) has been applied as a powerful tool for optimal
extraction of functional compounds from plant materials (Meng et al. 2009).
Ultrasound-assisted extraction (UAE) is an inexpensive, simple and efficient
alternative to conventional extraction techniques. When sound energy passes
to the medium, it creates a continuous wave-type motion; as a result, longitu-
dinal waves are generated. This motion creates alternative compression and
rarefaction of the medium particles, resulting in cavitation bubbles. Formation
and behavior of the cavitation bubble upon the propagation of the acoustic
waves constitute the essential events which induce the majority of the acoustic
effects (Dahnke et al. 1999). The enhancement in extraction obtained by using
ultrasound is mainly attributed to the effect of acoustic cavitations produced in
the solvent by the passage of an ultrasound wave (Wang et al. 2008). Ultra-
sound also offers a mechanical effect, allowing greater penetration of solvent
into the sample matrix and increasing the contact surface area between the
solid and liquid phase, and, as a result, facilitating mass transfer of solutes to
the extraction solvent (Rostagno et al. 2003). The efficiency of ultrasonication
could be explained by the fact that sonication simultaneously enhanced the
hydration and fragmentation process (Toma et al. 2001). The use of high-
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frequency ultrasounds may increase the formation of OH radicals; however,
the hydrophilic nature of anthocyanins makes them unavailable to react with
free radicals (Chowdhury and Viraraghavan 2009). Instead, the use of UAE
may prevent the possible chemical degradation of targeted compounds because
of decreased chemical involvement and reduction in extraction time (Wang
and Weller 2006).

In this study, UAE process variables such as the solvent concentration,
extraction temperature and extraction time were optimized using RSM, by
employing a five-level, three-variable central composite rotatable design, in
order to obtain the optimal conditions for the extraction of total anthocyanins
from Campbell Early grape peel.

MATERIALS AND METHODS

Materials

Grapes were purchased from a local farm in Kyungbuk, Province of
Korea, and the grape cultivar was identified as “Campbell Early.” Grapes were
excised from the stems and washed. Grapes were manually cut into halves, and
the grape peels were separated with a knife. Grape peel was oven dried at 50C
until the moisture level was constant (5.4% w/w). Dried grape peel was ground
to a powdered form using an electrical grinder and passed through a 0.5-mm
sieve. All the chemicals used were of analytical grade, and they were pur-
chased either from Sigma Chemical Co. (St. Louis, MO) or Duksan Pure
Chemical Co. (Ansan, Korea).

Ultrasonic-Assisted Extraction from Grape Peel

A sample of 2 g of powdered grape peel was kept in a glass flask, and the
volume was made up to 100 mL with the extraction solvent. Contents were
dissolved by using a magnetic stirrer (KMC 130SH, Vision Scientific Co.,
Ltd., Daegu, Korea) for 5 min. Ultrasonic-assisted extraction (UAE) was per-
formed in a sonication water bath (JAC Ultrasonic 2010P, Jinwoo Engineering
Co., Ltd., Hwasung, Gyeonggi, Korea) with a useful volume of 10 L. The
working frequency and power were fixed at 40 KHz and 250 W, respectively.
The temperature and time of extraction was controlled from the panel. The
power output of the ultrasonication water bath can be determined calorimetri-
cally, which is to measure the change in temperature of a known mass of water
for a known period of time. The increase in the temperature of water per unit
time could be given by:

meAT
Qabs = Q = t >




738 K. GHAFOOR, T. HUI and Y.H. CHOI

where Q is the power output (W) and Qs is the power absorbed by the system
per unit time (W), m is the mass of sample in kg, C, is the specific heat of the
sample (J/kg K), AT is the temperature rise in the system (C) and t is the total
heating time (s). In this study, the maximum power output was recorded as
518.32 W. After extraction, the flask was immediately cooled to room tem-
perature using chilled water. The extract was filtered through filter paper #5A
under vacuum, and the solution was collected in a volumetric flask. It was then
used for the determination of total anthocyanin contents.

Experimental Design

A five-level, three-variable central composite rotatable design (Cochran
and Cox 1992) was applied to determine the best combination of extraction
variables for the extraction of total anthocyanins from grape peel. The three
independent variables selected for this study were concentration of solvent,
extraction temperature and extraction time (Table 1). The factorial design
consisted of eight factorial points, six axial points (two axial points on the axis
of each design variable at a distance of 1.68 from the design center) and four
center points, leading to 18 sets of experiments. Regression analysis was
performed on the data of the response variable (total anthocyanins) obtained
by triplicate observations of extracts as affected by the extraction conditions,
and it was fitted into an empirical second-order polynomial model as shown in
the following equation:

Y =by+b X, +b,X, +b;X; +b, X +b, X, +b; X;* +b, X, X, + 0

bl3X1X3 + b23X2X3’
where Y represents the response variable, and X;, X, and X3 correspond to the
independent variables, namely, ethanol concentration, extraction temperature
and extraction time, respectively. The b, values represent corresponding
regression coefficients.

TABLE 1.
INDEPENDENT VARIABLES AND THEIR LEVELS EMPLOYED IN A CENTRAL
COMPOSITE ROTATABLE DESIGN FOR THE OPTIMIZATION OF GRAPE PEEL EXTRACTS

Coded levels

Independent variables —0, (—1.68) -1 0 1 +o (+1.68)

Natural levels

Ethanol concentration (%) 33 40 50 60 67
Extraction temperature (C) 23 30 40 50 57
Extraction time (min) 11 15 20 25 29
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Determination of Total Anthocyanins

Determination of total anthocyanins in grape peel extracts was based on
the method described by Iland et al. (1996) with slight modification. In 1 mL
of the sample, 10 mL of 50% ethanol was added, and the sample was centri-
fuged (VS 24SMTI Centrifuge, Vision Scientific Co., Ltd., Daegu, Korea) at
1,800 g for 10 min. Two hundred microliter of the centrifuged extract was
mixed with 3.8 mL of 1 M HCI and incubated at room temperature for 3 h. The
absorbance (A) of acidified diluted extract was measured at 520 nm using a
spectrophotometer (TU-1800, Human Corporation, Seoul, Korea).One molar
of HCI was used as the blank. Total anthocyanins were calculated as mg/mL of
extract using the absorbance (B) of a 1% w/v solution of malvidin-3-glucoside
as follows:

Total anthocyanins (mg/mL) = A X dilution factor x 1,000/B.

Statistical Analysis

All the analysis was carried out in triplicate, and the experimental results
obtained were expressed as means * standard deviation (n = 3). The responses
obtained from the experimental design set were subjected to multiple nonlin-
ear regression analysis to obtain the coefficients of the second polynomial
model. The quality of the fit of polynomial model was expressed by the
coefficient of determination R’ and its statistical significance was checked
using an F-test. The optimal extraction conditions were estimated through
three-dimensional response surface analyses of the three independent variables
and each dependent variable. Statistical analysis was performed by using the
Statistical Analysis System (SAS, version 9.1, SAS Institute, Cary, NC). Data
were analyzed by analysis of variance, and the mean values were considered
significantly different when P < 0.05.

RESULTS AND DISCUSSION

Modeling of the Extraction Process from Grape Peel

In order to optimize the extraction process with reference to the extraction
of total anthocyanins from grape peel under sonication, a central composite
design was developed as represented in Table 2. Table 2 also presents the
experimental values of total anthocyanins of grape peel extracts at various
experimental conditions. The values of coefficients are presented in Table 3.
The results of analysis of variance, goodness of fit and the adequacy of the
models are summarized in Table 4. The significance of regression coefficients
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TABLE 2.
EXPERIMENTAL DESIGN OF FIVE-LEVEL, THREE-VARIABLE CENTRAL COMPOSITE
DESIGN AND TOTAL ANTHOCYANINS OF ULTRASONIC-ASSISTED GRAPE

PEEL EXTRACTS
Test set X, ethanol X, extraction X3, extraction Y, anthocyanins®
concentration (%) temperature (C) time (min) (mg/mL)
1 40 (-1) 30 (-1) 15 (-1) 5.07 £0.18
2 40 (-1) 30 (1) 25 (+1) 548 £0.12
3 40 (-1) 50 (+1) 15 (-1) 5.26 £0.22
4 40 (-1) 50 (+1) 25 (+1) 5.79 £0.16
5 60 (+1) 30 (1) 15 (-1) 5.38 £0.22
6 60 (+1) 30 (1) 25 (+1) 5.57 £0.33
7 60 (+1) 50 (+1) 15 (-1) 5.39 £0.21
8 60 (+1) 50 (+1) 25 (+1) 5.96 = 0.08
9 33 (-1.68) 40 (0) 20 (0) 5.37 £0.19
10 67 (+1.68) 40 (0) 20 (0) 5.85 £ 0.07
11 50 (0) 23 (-1.68) 20 (0) 5.29 £0.25
12 50 (0) 57 (-1.68) 20 (0) 5.88 +0.36
13 50 (0) 40 (0) 11 (-1.68) 4.83 £0.15
14 50 (0) 40 (0) 29 (-1.68) 6.25 +0.23
15 50 (0) 40 (0) 20 (0) 6.13 £0.18
16 50 (0) 40 (0) 20 (0) 6.05 £ 0.35
17 50 (0) 40 (0) 20 (0) 598 £0.17
18 50 (0) 40 (0) 20 (0) 6.21 +0.41

* Analytical results are means * standard deviation (n = 3).

TABLE 3.
REGRESSION COEFFICIENTS AND ANALYSIS OF THE MODEL FOR TOTAL

ANTHOCYANINS FROM GRAPE PEEL

Coefficient df Estimate Standard error t value P value
by 1 -6.610 2.536 -2.61 0.031
b 1 0.212 0.055 3.80 0.005
by 1 0.151 0.051 2.93 0.019
b3 1 0.328 0.001 3.34 0.010
by 1 —-0.002 0.001 —4.14 0.003
b 1 —-0.002 0.001 —4.33 0.003
b33 1 —-0.007 0.002 —4.56 0.002
b1, 1 —-0.001 0.001 -0.22 0.832
b3 1 —-0.001 0.001 -0.39 0.703
by 1 0.001 0.098 1.10 0.305

df, degree of freedom.
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TABLE 4.
ANALYSIS OF VARIANCE OF THE SECOND-ORDER TOTAL ANTHOCYANIN CONTENTS
OF THE GRAPE PEEL MODEL

df Sum of squares Mean square F value P value
Total model 9 2.718409 0.9290 11.63 0.001
Linear 3 1.680519 0.5743 21.58 0.0003
Quadratic 3 1.001339 0.3422 12.85 0.0020
Cross-product 3 0.036550 0.0125 0.47 0.7119
Total error 8 0.207703 0.0260
Lack of fit 5 0.178028 0.0356 3.60 1.604
Pure error 3 0.029675 0.0099

df, degree of freedom.

was estimated by using Student’s 7-test and P values as presented in Table 3.
The data showed a good fit with Eq. (1), which was statistically acceptable at
P <0.05 and adequate with satisfactory R?* values. The full model that filled
Eq. (1) was used for three-dimensional plots to predict the relationships
between independent variables and the dependent variable.

Effect of Process Variables on Total Anthocyanins

Solid-liquid extraction is a mass transport phenomenon in which solids
contained in a matrix migrate into solvent brought into contact with the matrix.
This mass transport phenomenon can be enhanced with changes in diffusion
coefficients induced by ultrasounds and extraction temperature (Corrales et al.
2009). Solvent concentration and extraction time also play a significant role in
the extraction of functional components from plant materials (Wang et al.
2008). We used ethanol as the solvent, which is regarded as a dietary alcohol
and preferred for use in the food industry (Ovando et al. 2009). Total antho-
cyanin contents from grape peel obtained under various conditions using
ultrasonic-assisted extraction (UAE) are presented in Table 1. Multiple regres-
sion analysis was performed on the experimental data, and the coefficients of
the model were evaluated for significance. The effects of all process variables
on the extraction of total anthocyanins from grape peel were significant
(P < 0.05); however, that of extraction time was highly significant (P < 0.001).
The extraction time has this kind of effect because increasing the contact time
of the solvent with solids may improve the diffusion of the compounds
(Corrales et al. 2009). The values of the coefficients as presented in Table 3
were used for the final predictive equation, neglecting the nonsignificant cross
terms as given below:

Y =-6.610+0.211X, +0.151X, +0.328X, —0.002X,> —

0.0.002X,? — 0.007X,>. @)
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FIG. 1. THE RESPONSE SURFACE PLOTS OF TOTAL ANTHOCYANIN CONTENTS OF
GRAPE PEEL EXTRACT AS AFFECTED BY ETHANOL CONCENTRATION AND
TEMPERATURE (TIME 20 MIN)

Based on Eq. (2), three-dimensional plots that represent the effects of
extraction process variables on the anthocyanins from grape peel are presented
in Figs. 1-3. Figure 1 shows the effects of ethanol concentration and extraction
temperature on the anthocyanin contents. There was a linear increase in total
anthocyanins with an increase in ethanol concentration at a constant tempera-
ture. A similar effect of extraction temperature on grape peel anthocyanins at
a fixed ethanol concentration was observed. Figure 2 represents that total
anthocyanins increased linearly with the increase of ethanol concentration at a
fixed extraction time, while a rise in extraction time at a fixed ethanol concen-
tration also led to a marked increase in total anthocyanins. The effect of
extraction temperature and extraction time shown in Fig. 3 demonstrated that
there was a linear increase in total anthocyanins with the increase of extraction
temperature at a fixed extraction time, while an obvious quadratic effect of
extraction time was observed. Table 3 represents that anthocyanin contents
were significantly effected (P < 0.05) only by the linear and quadratic terms of
extraction variables. Similar linear and quadratic effects of extraction variables
in UAE from wheat bran were observed by Wang et al. (2008). In another
study, Lapornik et al. (2005) found a statistically significant influence of
extraction variables on the yields of anthocyanins from red grape marc. They
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FIG. 2. THE RESPONSE SURFACE PLOTS OF TOTAL ANTHOCYANIN CONTENTS OF
GRAPE PEEL EXTRACT AS AFFECTED BY ETHANOL CONCENTRATION AND TIME
(TEMPERATURE 40C)

observed that increasing the extraction time from 12 to 24 h was found to have
statistically significant effects on the yields of total anthocyanins. This indi-
cated that the use of UAE for the extraction of anthocyanins was as effective
as any other high-temperature long-time extraction process, and it could
greatly decrease the extraction time, which also reduces the chances of dena-
turation of the targeted compounds (Spigno et al. 2007). The contents of total
phenolic compounds in grape peel extracts ranged from 5.74 to 6.58 mg
GAE/100 mL, which shows a good recovery of phenolics from grape peel
besides the optimal extraction of total anthocyanins.

Optimum Extraction Conditions for Maximum Total Anthocyanins
from Grape Peel

Based on our findings, the predicted UAE conditions were 52.35%
ethanol concentration, 50.65C temperature and 25.58 min time for the
maximum total anthocyanins (6.26 mg/mL). The R* value of the model was
0.929, R*-adjusted value was 0.879, F value was 11.63 and P value was 0.001,
which represent that the model had adequately represented the real relation
between the parameters chosen. Using the same predicted optimum condition,
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FIG. 3. THE RESPONSE SURFACE PLOTS OF TOTAL ANTHOCYANIN CONTENTS OF
GRAPE PEEL EXTRACT AS AFFECTED BY TEMPERATURE AND TIME (ETHANOL
CONCENTRATION 50%)

an extraction experiment was performed without the application of sonication,
and it was found that the total anthocyanins in the grape peel extract were
3.46 mg/mL, which was much lower than that obtained by using UAE. In
order to compare the predicted results with experimental values, experimental
rechecking was performed using the optimum UAE conditions, and the mean
values of 6.24 * 0.08 mg/mL of total anthocyanins were obtained. The com-
parison of experimental values with predicted values was done by using
Student’s #-test, which showed nonsignificant differences. The good correla-
tion between these results validated that the response model was adequate in
reflecting the expected optimization.
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