
676

Korean J. Chem. Eng., 31(4), 676-683 (2014)
DOI: 10.1007/s11814-013-0279-1

INVITED REVIEW PAPER

pISSN: 0256-1115
eISSN: 1975-7220

INVITED REVIEW PAPER

†To whom correspondence should be addressed.

E-mail: rezatabaraki@yahoo.com, r.tabaraki@ilam.ac.ir

Copyright by The Korean Institute of Chemical Engineers.

Comparison between conventional and ultrasound-assisted extractions
of natural antioxidants from walnut green husk

Reza Tabaraki† and Shahrbanoo Rastgoo

Department of Chemistry, Faculty of Science, Ilam University, Ilam, Iran
(Received 8 June 2013 • accepted 16 December 2013)

Abstract−Agricultural industries produce substantial quantities of phenolic-rich by-products, which have gained much

attention due to their antioxidant properties. Ultrasonic technology was applied for extraction of antioxidants from the

walnut green husk using ethanol as a food grade solvent. Response surface methodology (RSM) was used to optimize

experimental conditions. The responses were total phenolic content (TPC), ferric reducing antioxidant power (FRAP),

scavenging activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and yield. TPC varied from 6.28 to 7.23mg GA g−1

dry sample. FRAP and DPPH values varied from 0.33 to 0.46 mmol Fe2+ g−1 of dry sample and 33.98% to 56.31% in-

hibition, respectively. Extraction yields ranged from 33.04% to 38.72%. The optimal conditions were 60% ethanol-

water mixture as solvent, temperature of 60 oC and extraction time of 30 min. Comparison of ultrasonic-assisted ex-

traction (UAE) and conventional extraction was shown that TPC, FRAP, DPPH and yield obtained by UAE during

30 min were significantly higher than by conventional extraction during 16 hours. The extract can be used as substitute

of synthetic antioxidants for food products, color and oxidative stabilization.
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INTRODUCTION

The green husk, leaf, stem and bark of the walnut tree (Juglan-

daceae) have been widely used as folk medicine for treatment of

cancer and dermatosis in Korea, Japan and China for a long time.

The green walnut husk (Juglans regia L) is a traditional herbal medi-

cine, which has long been used for clearing away heat, toxic materi-

als, alleviating pain and treating skin disease [1]. Different works

demonstrated the antioxidant content of walnut products, such as

fruits [2,3], leaves [4], liqueurs [5] and husk [6-8].

Free radicals are any atom or molecule containing one or more

unpaired electrons. For this reason they are highly reactive with a

great variety of molecules and change their physical-chemical prop-

erties. Reactive oxygen species (ROS) are normally produced dur-

ing cellular metabolism, and for this reason aerobic cells have anti-

oxidant defense mechanisms which protect them from oxidative

stress [9]. Excessive production of ROS can lead to accumulative

damage in DNA, protein and lipids, which are involved in various

disease processes, ranging from cancer to diabetes and neurode-

generative diseases [10]. Consequently, antioxidants have emerged

as therapeutic agents for these diseases [11].

In recent decades an increasing tendency towards the use of natural

substances instead of the synthetic ones has been observed. Natural

antioxidants, such as phenolic compounds, are used as natural anti-

oxidants. They are important, due to their benefits for human health,

reduction of oxidative stress and inhibition of radicals. Their use as

preserving food additives had increasing interest [12,13].

Several conventional extraction techniques have been reported

for the extraction of target compounds from raw materials. How-

ever, they are usually associated with longer extraction times and

higher temperatures but lower extraction efficiency. With the devel-

opment of the “green chemistry” concept during the last few years,

environment-friendly techniques are becoming more and more attrac-

tive. Recently, ultrasonic-assisted extraction (UAE) has been widely

employed in the extraction of target compounds from different mate-

rials, owing to its facilitated mass transfer between immiscible phases

through super agitation at low frequency [14]. It offers high repro-

ducibility at shorter times, simplified manipulation, and lowered en-

ergy input, as well as solvent consumption [15]. By using conven-

tional extraction under ultrasound irradiation (20-100 kHz), struc-

tural changes and degradation can be avoided. Thus, UAE may be

an effective and advisable technique for the extraction of chemicals

[16]. Many factors have been established to influence the extraction

efficiency, such as extraction method, solvent type, solvent concen-

tration and extraction temperature and time [17]. In many works,

methanol comes up as a suitable extraction solvent to reach good

yields of the phenolic compounds. However, environmentally benign

and non-toxic food grade organic solvents like water and ethanol

are recommended by the US Food and Drug Administration for

extraction purposes [18].

Response surface methodology (RSM) has been used increasingly

to optimize processing parameters because it allows more efficient

and easier arrangement and interpretation of experiments compared

to other methods [19]. The main advantage of RSM is the reduced

number of experimental trials needed to evaluate multiple parame-

ters and their interactions. Therefore, it is less laborious and time-

consuming than other approaches required to optimize a process.

Unlike the conventional empirical method, RSM can generate a math-

ematical model, and take into account the possible interrelationship

among the test variables and minimize the number of experiments.
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The aim of this study was to optimize ultrasonic-assisted extrac-

tion variables such as temperature, time and concentration of etha-

nol as modifier for the maximum extraction of antioxidants from

walnut green husk by response surface methodology. Finally, ultra-

sonic-assisted extraction (UAE) was compared with conventional

extraction.

MATERIALS AND METHODS

1. Plant Materials

The walnuts were traditional Persian walnut (Juglans regia L),

purchased from a local market in Shiraz in the 2010 season. Walnut

green husks were handpicked from fruits and then rinsed with dis-

tilled water. The husks were dried in an oven (Memmert, GmbH+

Co. KG, DIN 40050, Germany) with air circulation at 40 oC and

finely ground in a laboratory grinder (Pars Co., Iran). The ground

sample was fractioned by a series of sieves (35, 60 and 80-mesh,

Damavand Co., Iran) to obtain the particle size distribution. Sam-

ples were put in plastic bags and frozen at −20 oC until extraction.

2. Chemicals

2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ), Folin-Ciocalteu reagent

and gallic acid were purchased from Merck. 1,1-diphenyl-2-picryl-

hydrazyl (DPPH) was purchased from Sigma-Aldrich.

3. Extraction Procedure

The process of antioxidant extraction from walnut green husk

by ultrasonic was performed in an ultrasonic bath S30H (Elmasonic,

Germany) with maximum frequency of 60KHz (280W). Walnut

green husk powder (0.5 g) was sonicated in the solvent (10ml) for

different times and temperatures. After the extraction, the walnut

green husk extract was centrifuged at 2,000 rpm for 20min. The

extracts were concentrated by rotary evaporation at 40 oC under vac-

uum to dryness and the yield of extraction was determined.

4.Optimization of Solvent Type, Solvent-to-solid Ratio and

Particle Size

Samples were extracted with ethanol, methanol, water and ace-

tone, respectively, and kept for sonication at 45 oC for 30min. The

best solvent was selected according to the values of responses. The

influence of the solvent-to-solid ratio on the extraction was investi-

gated by considering four ratios: 20 : 1, 30 : 1, 40 : 1, 50 : 1; v :m.

Walnut green husk (0.5, 0.33, 0.25 and 0.20 g) was sonicated in a

fixed volume of 10ml of ethanol solvent at 45 oC for 30min. Sam-

ples with different particle sizes (35, 60, 80-mesh sieve) were soni-

cated for 45 oC for 30min with ethanol (10ml) and 40 : 1 solvent-

to-solid ratio.

5. Total Phenolic Content (TPC)

Total phenol content in the obtained extracts was estimated by a

colorimetric assay based on procedure described by Singleton and

Rossi with some modifications [6]. Briefly, 1ml of sample (or stan-

dard) was mixed with 1ml of Folin-Ciocalteu’s phenol reagent. After

3min, 1ml of sodium carbonate solution (7.5% w/v) was added to

the mixture and adjusted to 10ml with distilled water. The reaction

was kept in the dark for 90min, after which the absorbance was

read at 725 nm. Gallic acid was used for constructing the standard

curve (0.1-2mM). The results are expressed as mg of gallic acid

equivalents/g of dry sample (GAEs).

6. DPPH Assay

The capacity to scavenge the 1,1-diphenyl-2-picrylhydrazyl (DPPH)

free radical was monitored according to a previous method [20].

Various concentrations of sample extracts (0.3ml) were mixed with

2.7mL of methanolic solution containing DPPH radicals. The mix-

ture was shaken vigorously and left to stand in the dark until stable

absorption values were obtained (about 30min). The reduction of

the DPPH radical was measured by monitoring continuously the

decrease of absorption at 517 nm. DPPH scavenging effect was cal-

culated as percentage of DPPH discoloration using the equation:

% scavenging effect=[(ADPPH−AS)/ADPPH]×100 (1)

where AS is the absorbance of the solution when the sample extract

has been added and ADPPH is the absorbance of the DPPH solution.

7. Ferric Reducing/Antioxidant Power (FRAP)

This procedure was conducted according to the modified method

[21]. The working FRAP reagent was produced by mixing 300mM

acetate buffer (pH 3.6), 10mM TPTZ solution and 20mM FeCl3·

6H2O in a 10 : 1 : 1 ratio prior to use and heated to 37
oC in a water

bath. A total of 3ml of FRAP reagent was added to a cell and a

blank reading was taken at 593 nm, using the spectrophotometer.

In total, 100µL of sample or standard and 300µL of distilled water

were added to the cell. After addition of the sample to the FRAP

reagent, a second reading at 593nm was taken after 40min of incu-

bation at 37 oC in a water bath. The changes in absorbance after

40min from the initial blank reading were compared with a stan-

dard curve. Standards of known Fe(II) concentrations were run using

several concentrations ranging from 0.1 to 2.25mM. A standard curve

was then prepared by plotting the FRAP values of each standard

versus its concentration. The final result was expressed as mmol

Fe2+ g−1 sample.

8. Experimental Design

Three factors that can potentially affect extraction of antioxidants

such as ethanol percentage (X1, %), extraction temperature (X2, 
oC)

and extraction time (X3, min) were chosen as key variables. The

minimum and maximum levels (Table 1) given to each factor were

chosen based on preliminary experiments, our experience and that

of our previous works.

Box-Behnken design (BBD) with three independent variables

was used for the optimization and to achieve maximal information

from a minimal number of possible experiments. The dependent

variables (response variables) were TPC (mg GAE g−1 sample), FRAP

(mmol Fe2+ g−1 sample), DPPH free radical scavenging (%) and yield

of extraction (%). Each variable was coded at three levels: −1, 0

and +1 (Table 1). The complete quadratic equation used is as fol-

lows:

(2)

where Y is the estimated response; βo, βi, βii, and βij are the regres-

Y = βo + βiXi + βiiXi

2
 + βijXiXj

j=i−1

3

∑
i=1

2

∑
i

3

∑
i=1

3

∑

Table 1. Coded and uncoded levels of the independent variables

Independent variables Coded units
Coded levels

−1 0 1

Ethanol concentration (%) X1 45 55 65
Temperature (oC) X2 30 45 60
Time (min) X3 30 50 70
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sion coefficients for intercept, linear, square, and interaction terms,

respectively; and Xi and Xj are the independent variables.

All the analysis was done in triplicate and the experimental re-

sults were expressed as means±SD. Statistical analysis was per-

formed using the Minitab 15.1 (Minitab Inc., State College, PA,

USA) software and fitted to a second-order polynomial regression

model containing the coefficient of linear, quadratic and interaction

terms. An analysis of variance (ANOVA) with 95% confidence level

was then carried out for each response variable to test the model

significance and suitability. The significances of all terms in the poly-

nomial was analyzed statistically by computing the F-value at a proba-

bility (p) of 0.01 or 0.05.

RESULTS AND DISCUSSION

1.Effect of Solvent Type, Solvent-to-solid Ratio and Particle

Size on Extraction

Before the development of response surface models, effects of

solvent type, solvent to solid ratio and particle size on TPC, FRAP

value, DPPH scavenging activity and extraction yield were investi-

gated. It is evident that the recovery of phenolic and antioxidant

compounds from each fresh sample matrix is dependent on the ex-

tracting solvent. Methanol was better than ethanol, acetone and water

in extraction of phenolics and antioxidants from walnut green husk

(Fig. 1) under the same extraction conditions (20 : 1 (v :m), 45 oC and

30min). However, environmentally benign and non-toxic food-grade

organic solvents like water and ethanol are recommended by the US

Food and Drug Administration for extraction purposes [18]. So etha-

nol was chosen as the extraction solvent for the next experiments.

The effect of the solvent-to-solid ratio on the extraction of polyphe-

nols and antioxidants from walnut green husk was also studied with

four ratios (20 : 1, 30 : 1, 40 : 1, 50 : 1; v :m) over a 30min extrac-

tion period, with an ethanol solution, at 45 oC. A marked increase

was observed at 40 : 1 solvent-to-solid ratio (Fig. 2). Consequently,

a solvent-to-solid ratio of 40 : 1 (ml;g) was selected.

Walnut green husk powder was passed through three different

standard-size sieves (pore sizes of 0.5, 0.25 and 0.18mm). The re-

sults showed that smaller particle size increases the antioxidant extrac-

tion and yield over a 30min extraction period with an ethanol solu-

tion at 45 oC and solvent-to-solid ratio 40 : 1 (Fig. 3). In general,

smaller particle size was preferred for industrial processes to shorten

the extraction time even though the energy used for grinding needs

to be considered. The increase of the extraction yield for the small

particles is due to larger surface area per mass unit. In addition, the

migration rate of the analyte through the pores of the solid matrix

is also increased with the decrease in particle size. Particle size of

0.25mm was used for next extraction experiments (Fig. 3).

2.Modeling of the Extraction Process from Walnut Green Husk

The responses (total phenolic content, antioxidant activities and

yield) of each run of the experimental design are presented in Table

2. The coded and decoded values of independent variables for each

experiment are also presented. Total phenolic content of walnut green

husk extracts varied from 6.28 to 7.23mg GA g−1 dry sample. FRAP

and scavenging of DPPH radical assays were used to determine

the antioxidant activity of the extracts. As shown in Table 2, activity

values for FRAP and DPPH assays varied from 0.33 to 0.46mmol

Fe2+ g−1 of dry sample and 33.98% to 56.31% inhibition, respec-

tively. Extraction yields ranged from 33.04% to 38.72%.

Regression coefficient and analysis of variance of the second-

order polynomial models (Eq. (2)) for total phenolic content, anti-

oxidant activity of walnut green husk extracts and yield are sum-

Fig. 1. Effect of solvent type on the extraction of total phenolics and
antioxidants from walnut green husks. TPC (mg GA g−1),
FRAP (mmol Fe2+ g−1) and DPPH (%).

Fig. 2. Effect of the solvent-to-solid ratio on the responses (30min
extraction time and 45 oC). TPC (mg GA g−1), FRAP (mmol
Fe2+ g−1) and DPPH (% inhibition).

Fig. 3. Effect of particle size on the extraction of total phenolics and
antioxidants from walnut green husks. TPC (mg GA g−1),
FRAP (mmol Fe2+ g−1) and DPPH (%).
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marized in Table 3. As shown, the regression parameters of the sur-

face response analysis of the models, the linear, quadratic and inter-

action terms have significant effects (p≤0.01 or p≤0.05). These mod-

els were used for the construction of three-dimensional response

surface plots to predict the relationship between independent and

dependent variables.

3. Effect of Process Variables on Total Phenolic Compounds

Total phenolic content of walnut green husks extracts obtained

by ultrasonic-assisted extraction is shown in Table 2. Regression

analysis was performed on the experimental data and the coeffi-

cients of model (Eq. (2)) were evaluated for significance. The effect

of ethanol concentration was highly significant on the extraction of

phenolic compounds (Table3). Eq. (3) shows the relationship between

ethanol concentration, temperature and time for the extraction of

total phenolic compounds:

Y1 (mg GA/gdw)=4.609+0.151 E−2.28×10
−3 T−9.168×10−2 t

Y1 (mg GA/gdw)=−1.83×10
−3 E2

−1.03×10−3 T2+0.96×10−3 t2

Y1 (mg GA/gdw)=+1.59×10
−3 ET−0.23×10−3 Et+0.18×10−3 Tt (3)

where Y1 represents total phenolic content in walnut green husk

extract. E, T, and t are ethanol concentration (%), temperature (oC)

and time (min), respectively.

Table 2. Central composite design of three variables with their observed responses

Exp. no X1 X2 X3 E (%) T (oC) t (min) TPC (mg GA g−1) FRAP (mmol Fe2+ g−1) DPPH (%) Yield (%)

01 −1 −1 −1 45 30 30 6.82 0.36 41.80 34.88
02 −1 −1 −1 45 30 70 6.88 0.41 33.98 35.84
03 −1 −1 −1 45 60 30 6.28 0.40 56.31 36.80
04 −1 −1 −1 45 60 70 6.50 0.46 55.34 37.44
05 −1 −1 −1 65 30 30 6.61 0.37 37.14 35.84
06 −1 −1 −1 65 30 70 6.43 0.38 51.12 33.12
07 −1 −1 −1 65 60 30 6.97 0.39 35.17 38.72
08 −1 −1 −1 65 60 70 7.06 0.42 36.82 33.28
09 −0 −0 −0 55 45 50 6.75 0.36 51.02 34.12
10 −0 −0 −0 55 45 50 6.67 0.34 50.59 35.36
11 −1 −0 −0 45 45 50 6.37 0.38 43.34 33.04
12 −1 −0 −0 65 45 50 6.73 0.33 38.88 33.48
13 −0 −1 −0 55 30 50 6.39 0.34 48.56 33.60
14 −0 −1 −0 55 60 50 6.72 0.39 40.48 36.16
15 −0 −0 −1 55 45 30 7.23 0.35 49.86 36.96
16 −0 −0 −1 55 45 70 7.01 0.42 55.06 35.04

Table 3. Regression coefficients of predicted polynomial models for the investigated responses

Coefficient
Response

TPC FARP DPPH Yield

β
o

4.61* 0.53 −218.92*
−0.13

β1 151.08×10−3
−14.87×10−4 83.61×10−1* 1423.81×10−3*

β2 −2.28×10−3
−13.77×10−4 39.39×10−1*

−88.63×10−3

β3 −91.68×10−3**
−54.31×10−4

−18.12×10−1
−76.62×10−3

β11 −1.83×10−3* 0.38×10−4
−0.68×10−1

−10.33×10−3

β22 −1.03×10−3* 0.42×10−4
−0.15×10−1 2.61×10−3

β33 0.96×10−3** 0.85×10−4** 0.11×10−1 4.27×10−3**

β12 1.59×10−3**
−0.31×10−4

−0.43×10−1**
−0.40×10−3

β13 −0.23×10−3
−0.47×10−4 0.15×10−1

−6.10×10−3**

β23 0.18×10−3 0.13×10−4 0.02×10−1
−1.27×10−3

Model ** ** * **
Linear * ns * ns
Quadratic ** ** ns *
Cross-product ** ns * *
Lack of fit 0.372 0.610 0.044 0.735
R2 0.94 0.94 0.85 0.93

ns, Not significant (p>0.05)
*Significant at p≤0.05
**Significant at p≤0.01
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The predicted model (Eq. (3)) can be visualized by the surface

response plot. This graphical representation is an n-dimensional

surface in the (n+1)-dimensional space. Usually, a two-dimensional

representation of a three-dimensional plot can be drawn. Thus, if

there are three or more variables, the plot visualization is possible

only if one or more variables are set to a constant value. These sur-

faces were drawn by Minitab software. Figs. 4-7 illustrate the response

surfaces for dependent variables (TPC, FRAP, DPPH and yield) in

function of two factors when the third factor was kept constant at

middle level (Table1). The effect of ethanol concentration and extrac-

tion temperature on TPC at constant time appeared as a saddle shape

(Fig. 4(a)). As shown, a higher amount of phenolics was yielded at

ethanol concentration about 60% and temperature between 50-60 oC.

TPC gradually increased with the increase of ethanol concentration

and temperature, and achieved optimum value at about 60% and

50 oC, before it began to decrease. In general, the polarity of etha-

nol-water mixture would increase continuously with the addition of

water to ethanol. More polar phenolic compounds may be extracted

according to “like dissolves like” principle.

The effects of ethanol concentration and extraction time on TPC at

fixed extraction temperature (45 oC) are shown in Fig. 4(b). Etha-

nol concentration demonstrated a pronounced influence on TPC in

linear and quadratic manner (Table 3). At upper level of time, TPC

increased with the increase of ethanol concentration up to 60% and

further increase in ethanol concentration led to deceleration of poly-

phenol extraction.

The relationship of extraction temperature and time with TPC is

shown in Fig. 4(c). Total phenolic content of walnut green husk ex-

tracts increased readily with increasing temperature up to 48 oC.

Mild heating might soften the plant tissue, weaken the cell wall in-

tegrity, hydrolyze the bonds of bound phenolic compounds (phe-

nol-protein or phenol-polysaccharide) as well as enhance phenolics

solubility; thus more phenolics would distribute to the solvent.

4. Effect of Process Variables on Antioxidant Compounds

The analytical results of antioxidant activities (FRAP and DPPH)

Fig. 4. Response surface plots for the effect of (a) EtOH/tempera-
ture (b) EtOH/time and (c) temperature/time on the total
polyphenol content (TPC).

Fig. 5. Response surface plots for the effect of (a) EtOH/tempera-
ture (b) EtOH/time and (c) temperature/time on the anti-
oxidant activity assay (FRAP).
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of walnut green husk extracts are shown in Table 2. Each antioxi-

dant assay (TPC, FRAP, DPPH …) only provides an estimate of

antioxidant capacity that is subject to its conditions, reagents and

different classes of antioxidants. Therefore, the use of different anti-

oxidant assays help to identify variations in the response of the com-

pounds extracted from the samples. These natural antioxidant com-

pounds can be separated by HPLC from the extract. The relation-

ship between the antioxidant activities of walnut green husk extracts

and main variables is shown in Figs. 5 and 6. Antioxidant activities

were affected by the quadratic term of time for FRAP and linear

terms of ethanol concentration and temperature for DPPH. The mod-

els for antioxidant activities are represented in Eqs. (4) and (5):

Y2 (mmol Fe
2+/gdw)=0.53−1.49×10−3 E−1.38×10−3 T

Y2 (mmol Fe
2+/gdw)=−5.43×10−3 t+0.38×10−4 E2+0.42×10−4 T2

Y2 (mmol Fe
2+/gdw)=+0.85×10−4 t2−0.31×10−4 ET−0.47×10−4 Et

Y2 (mmol Fe
2+/gdw)=−0.13×10−4 Tt (4)

Y3 (% Inhibition)=−218.92+8.36 E+3.94 T−1.81 t−0.68×10−1 E2

Y3 (% Inhibition)=−0.15×10−1 T2+0.11×10−1 t2−0.43×10−1 ET

Y3 (% Inhibition)=+0.15×10−1 Et−0.02×10−1 Tt (5)

where Y2 and Y3 represent ferric reducing antioxidant power (FRAP)

and scavenging activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH)

of walnut green husk extracts.

The effects of ethanol concentration, temperature and time on

FRAP and DPPH are shown in Figs. 5 and 6. As shown, the highest

activities were obtained at ethanol concentration between 45-55%

and extraction temperature between 50-60 oC. Antioxidant activity

(DPPH) gradually increased with the increase of ethanol concen-

tration and extraction temperature, and achieved optimum values

before it began to decrease. As shown in response surface plots for

the effect of time on FRAP (Figs. 5(b) and 5(c)) and DPPH values

(Figs. 6(b) and 6(c)) at constant ethanol concentration and constant

temperature, longer extraction time had a positive effect on the antiox-

idant activities of walnut green husk extracts.

Fig. 6. Response surface plots for the effect of (a) EtOH/tempera-
ture (b) EtOH/time and (c) temperature/time on the anti-
radical activity (DPPH).

Fig. 7. Response surface plots for the effect of (a) EtOH/tempera-
ture (b) EtOH/time and (c) temperature/time on the yield
(%).
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5. Effect of Process Variables on Extraction Yield

The yields of extractions are presented in Table 2. Solvent was

removed from the extracts by evaporation under vacuum at 40 oC

by a rotary evaporator. The regression analysis of the data showed

that the extraction yield was significantly affected by the ethanol

concentration and extraction time. The relationship of the extrac-

tion yield and process variables is depicted in Fig. 7. The optimal

conditions of extraction yield were determined as follows: ethanol

concentration 59% (v/v), extraction temperature 60 oC and extrac-

tion time 30min. Eq. (6) shows the relationship between ethanol

concentration, temperature, time and yield:

Y4 (%Yield)=−0.13+1.42 E−8.86×10−2 T−7.66×10−2 t

Y4 (%Yield)=−1.03×10−2 E2+2.61×10−3 T2
−4.27×10−3 t2

Y4 (%Yield)=−0.40×10−3 ET−6.10×10−3 Et−1.27×10−3 Tt (6)

where Y4 is the extraction yield (%).

6. Optimal Conditions

Response surface optimization can be found depending on the

three key variables. The optimal conditions obtained from the first

derivatives of the second-order polynomial equations (Eqs. (3)-(6)).

The derivatives were then equaled to zero and solved in an equa-

tion system. The optimum UAE conditions for the response vari-

ables from walnut green husk extract are presented in Table 4. The

predictive ability of the models was examined by extractions at opti-

mal conditions. For each condition, three experiments were done

and the experimental values confirmed the validity and adequacy

of the predicted models. The extract can be used as a substitute for

synthetic antioxidants for food products, color and oxidative stabi-

lization. Therefore, the highest yield is recommended for industrial

applications. The optimal conditions for this aim were a solvent per-

centage of 60% ethanol, temperature of 60 oC and extraction time

of 30min.

7. Comparison of UAE vs. Conventional Extraction

The phenolic compounds extracted from walnut green husk by

ultrasonic-assisted extraction and conventional extraction are shown

in Table 5. The TPC, FRAP, DPPH and yield obtained by UAE dur-

ing 30min were significantly higher than by conventional extrac-

tion during 16 hours. The consumed energy was equal to the power

multiplied by the exposure time. The energy consumption was (140W

×0.5 h) and (500W×16 h) for UAE and conventional methods,

respectively. Although the same volumes of solvent were used in

both extraction processes, the duration of the ultrasound-assisted

process and consequently the energy input were reduced and better

overall yields were obtained.

CONCLUSIONS

The recent consumer interest in natural products drives the need

for natural antioxidants to replace the synthetic antioxidants such

as butylated hydroxyanisole (BHA) and butylated hydroxytoluene

(BHT). By-products of food processing industries assume signifi-

cance because of their acceptability, nontoxicity and availability in

large quantities. Walnut’s green husk, a by-product of the walnut

production, is a good source of phytochemicals with antioxidant

and antimicrobial activities.

This study revealed application of ultrasonic technology for extrac-

tion of the polyphenols and antioxidants from walnut green husk.

Response surface methodology (RSM) was used to simultaneously

optimize the experimental variables such as ethanol concentration,

temperature and time and evaluation of variable interactions. In the

previous works, methanol came up as a suitable extraction solvent.

However, environmentally benign and non-toxic food-grade organic

solvents like water and ethanol were used for extraction purposes.

Ultrasonic-assisted extraction (UAE) and conventional extraction

methods were compared. The TPC, FRAP, DPPH and yield ob-

tained by UAE during 30min were significantly higher than by con-

ventional extraction during 16 hours. Thus UAE permits higher ex-

traction yields in shorter periods of time, thereby reducing the energy

input.
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