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Abstract

In this study, the phenolic antioxidants of pistachio (Pistachia vera) hull were extracted by two different solvent extraction meth-

ods (solvent and ultrasound-assisted methods) with three different solvents (water, methanol and ethyl acetate) and the results were

compared with supercritical fluid extraction (SFE). The total phenolic compounds were determined according to the Folin–Ciocal-

teu method. Furthermore, the effects of water and methanolic extracts of pistachio hull on the stability of soybean oil during heating

at 60 �C (oven test method) were determined. The pistachio hull extract (PHE) was effective in retarding oil deterioration at 60 �C,
with activity increasing with concentration in the range 0.02–0.06%. At a concentration of 0.06%, the PHE was similar in activity to

BHA and BHT added at 0.02%. Hence, it is clear that pistachio hulls, which at present are often considered as agricultural waste,

contain antioxidant that may usefully be extracted and added to foods.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Antioxidants are the compounds that, when added to

food products, especially to lipids and lipid-containing

foods, can increase shelf life by retarding the process

of lipid peroxidation, which is one of the major reasons

for deterioration of food products during processing

and storage. Synthetic antioxidants such as butylated
hydroxyanisole (BHA) and butylated hydroxytoluene

(BHT) have been used as antioxidants since the begin-

ning of this century. Restrictions on the use of these

compounds, however, are being imposed because of

their carcinogenicity (Mahdavi & Salunkhe, 1995).

Thus, a need for identifying alternative natural and safe

sources of food antioxidant is created (Wanasundara &

Shahidi, 1998) and the search for natural antioxidants,
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especially of plant origin, has notably increased in recent

years (Zainol, Abd-Hamid, Yusof, & Muse, 2003).

Iran is the leading country that produces pistachio

nuts. The total production of Iran was about 249,000

tons in 2003 (Anonymous, 2003) and Iran is the largest

exporter (about 86%) in the world.

Great interest has recently been focussed on the addi-

tion of polyphenols to foods and biological systems, due
to their well-known abilities to scavenge free radicals

(i.e., antioxidant power). The generation of free radicals

plays an important role in the progression of a great

number of pathological disturbances, such as atheroscle-

rosis (Steinberg, 1992), brain disfunction (Gordon,

1996) and cancer (Ames, 1983). Due to these facts, it

would be interesting to optimize an extraction process

to obtain maximum yield of these substances; in addi-
tion, undesirable components can be removed. Solvent

extraction is frequently used for isolation of antioxidant

and extraction yield is dependent on the solvent and

method of extraction, due to the different antioxidant
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potentials of compounds with different polarity. Several

extraction techniques have been reported for extraction

of phenolic compounds from different matrices using

solvents with different polarities, such as methanol,

water, ethyl acetate and petroleum ether (Cheung,

Cheung, & Ooi, 2003; Singh, Murthy, & Jayaprakasha,
2002). Furthermore, supercritical CO2 (Palma, Taylor,

Varela, Cutler, & Cutler, 1999; Persson, Barisic, Cohen,

Thorneby, & Gorton, 2002) and solvent extraction by

sonication have been applied for this purpose (Bicchi,

Binello, & Rubiolo, 2000).

The objective of this work was to compare solvent

extraction (with three solvents: water, methanol and

ethyl acetate) and solvent extraction by sonication (with
similar solvents) with the SFE process by determining

the total phenolic content according to the Folin–

Ciocalteu method. Furthermore, in this study, the effect

of concentration of PHEs on the stability of soybean oil

during heating has been compared with that of two syn-

thetic antioxidants BHA and BHT.
Table 1

SFE experimental conditions for pistachio hull phenolic compounds

extraction

Run no. P (atm) T

(�C)
t

(min)

Modifier

(%)

Phenolic content

(mg TAE/gdw)a

1 100 35 15 0 –

2 100 45 25 5 –

3 100 55 40 15 0.2

4 200 35 25 15 2.1

5 200 45 40 0 –

6 200 55 15 5 0.6

7 350 35 40 5 2.4

8 350 45 15 15 7.8

9 350 55 25 0 1.1

a mg Tannic acid equivalents per gramme dry weight of sample.
2. Materials and methods

2.1. Plant material and chemicals

Pistachio hulls (Fandoghi variety) were obtained

from the Yazd province of Iran. Hulls were dried and

ground to give 40-mesh size powder. All chemicals and

solvents were of analytical grade and obtained from
Merck (Darmstadt, Germany).

2.2. SFE apparatus

A suprex MPS/225 system (Pittsburg, PA) in the SFE

mode was used for extraction of phenolics. In this study,

extraction was accomplished with 10 ml volume extrac-

tion vessel. Nine extractions were carried out at constant
static time of 5 min, temperatures of 35, 45 and 55 �C,
pressures of 100, 200 and 350 atm, and dynamic times

15, 25 and 40 min. Two different concentrations of

methanol (0.5 and 1.5 ml) were used, as modifier.

2.3. Solvent extraction

The different solvents (ethyl acetate, methanol, and
water) were used to extract phenolic compounds from

the pistachio hull. Dried powders of hulls (2.5 g) were

extracted by mixing, using a magnetic stirrer, with 10

ml of water at room temperature for 6 h. The extract

was filtered through Whatman No. 42 filter paper for re-

moval of hull particles. The residue was re-extracted

with the same solvent and the extracts were stored in a

refrigerator. The same procedure was followed for other
solvents, such as methanol and ethyl acetate, for the

extraction of phenolic compounds.
2.4. Ultrasonic extraction

The ultrasound-assisted extraction procedure was

used for the extraction of pistachio hull with different

solvents (ethyl acetate, methanol, and water). Thus, 20

ml of solvent were added to 2.5 g of powdered hulls;
the mixture was sonicated in an ultrasonic bath for 45

min. The extract was filtered and stored in a freezer.

2.5. Supercritical fluid extraction

The extraction vessel (10 ml) was loaded with 2.5 g of

dried powder of hull and was placed inside the extrac-

tion chamber, which was maintained at 35–55 �C
throughout the experiment. Samples were subjected to

static supercritical fluid extraction (SFE) for 5 min, fol-

lowed by dynamic extraction 15–40 min; the extracted

analytes were collected in 5 ml methanol in 10 ml volu-

metric flasks through a variable restrictor that avoided

plugging to a great extent and provided a constant flow

rate during the extraction process. The supercritical fluid

CO2 flow rate through the variable restrictor was
approximately 0.35 ± 0.05 ml (liquid). In order to

achieve better collection efficiency, during the dynamic

time, the volumetric flask was placed in an ice bath.

For studying the effect of modifier, methanol was spiked

directly into the extraction vessel with charged sample

prior to extraction. The extraction was accomplished

with supercritical carbon dioxide under the nine condi-

tions mentioned in Table 1.

2.6. Determination of total phenolics

The concentration of phenolic compounds in the ex-

tracts were determined according to the Folin–Ciocalteu

method (Singh et al., 2002), and results were expressed

as tannic acid equivalents per gramme dry weight of

sample (TAE/gdw). The pistachio hull extracts were dis-
solved in a mixture of methanol and water (2:1 v/v).

Samples (0.2 ml) were mixed with 1.0 ml of 10-fold-di-



Table 2

Total phenolic content extracted from pistachio hull by different

extraction methodsa

Extraction methods-solvent Phenolic content (mgTAEb/gdw)

Water 34.7 ± 1.16c

Ultrasonic-water 34.2 ± 2.64c

Ultrasonic-methanol 32.8 ± 0.05c

Methanol 32.8 ± 0.96c
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luted Folin–Ciocalteu reagent and 0.8 ml of 7.5% so-

dium carbonate solution; after the mixture had been al-

lowed to stand for 30 min at room temperature, the

absorbance was measured at 765 nm using UNICAM

8620 UV–Vis spectrophotometer. The estimation of

phenolic compounds in the extracts was carried out in
triplicate, and the results were averaged.
SFE-CO2 6.55 ± 0.69d

Ethyl acetate 5.67 ± 0.24d

Ultrasonic-ethyl acetate 5.02 ± 0.27d

Values with different letters (c, d) were significantly different (P < 0.05,

Duncan�s multiple range test).
a Values expressed are means ± SD of triplicate measurements.
b TAE, tannic acid equivalent.
2.7. Antioxidant activity assay

Pistachio hull extracts (except ethyl acetate and SFE

extracts due to their low total phenolic contents) were

added individually to soybean oil (refining oil with

approximately 40 ppm naturally tocopherols) at levels
of 0.02%, 0.04% and 0.06%. Synthetic antioxidants

(BHA and BHT), at levels of 0.01% and 0.02%, were

used for comparison. The oven test method at 60 �C
was used to check stability. Oxidation was periodically

assessed by the measurement of peroxide value (PV)
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antioxidant. All the experiments were carried out in trip-

licate and results were averaged.

2.8. Statistical analysis

Experimental data was analysed using analysis of
variance (ANOVA) and significant differences among

means from triplicate analyses at (P < 0.05) were deter-

mined by Duncan�s multiple range test (DMRT) using

the Statistical Analysis System (SAS).
3. Results and discussion

3.1. Optimization of SFE variables

The first step in the SFE of phenolic compounds is to

optimize the operating conditions (especially pressure

and the percentage of modifier) to obtain an efficient

extraction of phenolics. In fact, the fluid pressure and

temperature, the percentage of modifier and the extrac-
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factors. The optimization of the method can be carried

out step-by-step or by using an experimental design.

Table 1 shows different conditions of experiments in
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Taguchi experimental design (Roy, 1990). All the selected
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4) matrix.
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3.2. Total phenolic content

The concentration of phenolics in the extracts, ex-

pressed as mg TAE/g sample, was dependent on the sol-

vent and method used in the extraction, as shown in

Table 2. The amounts of phenolic compounds in the
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solvent extraction method) were highest. There was no

significant difference (P < 0.05) in the extraction yields

between the extracts of the two mentioned methods

(Table 2). Ethyl acetate extract and extract of modified

SF CO2 had similar (at P < 0.05), but comparatively

small total phenolic contents (as shown in Table 2).
Higher extraction yields of phenolic compounds were

obtained with an increase in polarity of the solvent.

3.3. Effect of addition of PHEs on the stability of soybean

oil

The PHEs were used at levels of 0.02%, 0.04% and

0.06% and synthetic antioxidants (BHA and BHT) were
added at 0.01% and 0.02%, because the latter were pure

compounds where as the former were complex mixtures

with active components being present at lower levels.

The addition of natural and synthetic antioxidant to

soybean oil affected, to different degrees, the peroxide

and TBA values during accelerated oxidation at 60 �C
for 15 days (Figs. 1 and 2). Peroxide value (PV) meas-

ures primary products of lipid oxidation and TBA value
measures the formation of secondary oxidation prod-

ucts, mainly malonaldehyde, which may contribute off-

flavour to oxidized oil (Rossel, 1994). All samples with

PHEs level added at 0.02–0.06% were more stable on

heating at 60 �C than the control, when assessed by

the change in peroxide (Fig. 1) and TBA (Fig. 2) values.

The antioxidant effect of PHE increased with concentra-

tion and, at a concentration of 0.06%, the antioxidant
activity was not significantly different (P < 0.05) from

that of the synthetic antioxidant (BHA and BHT) at

levels of 0.02%.
4. Conclusion

Phenolic compounds are widely distributed in nature
and, according to this paper, pistachio hull is a natural

source of phenolic compounds. Water extracts were

found to have high phenolic contents (32.0–34.0 mg/

gdw of sample), so the best method for extraction of

phenolic compounds was solvent extraction with water

or methanol. These results suggest that the PHEs pos-

sess antioxidant properties and could be used as alterna-

tive natural antioxidants (but after toxicological
examination). No single compound can be considered

responsible for this stability. This study will provide

bases for future studies in this area. It is recommended

that other common pistachio varieties be examined for

antioxidant properties.
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