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Summary

The study examined the influence of ultrasound-assisted extraction and solid-liquid extraction with 80%
of aqueous ethanol solution on the total phenolics, total flavonoids and total colour change of extracts
from different varieties of figs (Bjelica, Termenja¢a, Crnica, BruZetka bijela and Saraguja). The total
phenolic content was determined by using Folin Ciocalteau assay. The content of total flavonoids was
measured spectrophotometrically by using the aluminium chloride colourimetric assay. Colour changes
were obtained by chromameter CR-400 (Minolta) in L*a*b* colour model. Ultrasound-assisted extrac-
tion showed highest total phenolic content (up to 13.72%) and total flavonoid content (up to 18.55%)
compared to classic solid-liquid extraction. According to given results total colour changes of extracts
were reduced (up to 32.1%) applying ultrasound. Significant difference was found between the total

phenolic and total flavonoid content according to different varieties of fig.
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Introduction

The cultivated fig (Ficus carica L.) belongs to
botanical family Moracea. Figs are a widespread
species commonly grown, especially in warm,
dry climates and they are mostly concentrated in
the Mediterranean. Figs are an excellent source
of minerals, vitamins and dietary fibre, fat and
cholesterol-free and contain essential amino ac-
ids as well as high content of phenolic substances
(Slavin, 2006; Solomon et al., 2006).

Phenolic compounds represent an important
component of fruit because of their significantly
contribution to the taste, colour and nutritional
value of fruits (Veberic et al., 2008), and in recent
years have been the subject of scientific research
for many researchers because of their positive ef-
fects on human health, which is attributed to the
antioxidation activities.

Extraction is an important step in isolation and in
later identification and quantification of phenolic
compounds (Cacace and Mazza, 2003). Solid-
liquid extraction is a commonly used method of
isolation phenolic compounds from plant materi-
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als. Selection of solvents is one of the most im-
portant steps in the extraction, and in previous
studies the most commonly used solvent for the
solid-liquid extraction of phenolic compounds
from plant materials are methanol, ethanol and
their liquid mixtures with different content of
water and other organic solvents such as acetone,
ethyl acetate (Naczk and Shahid, 2004).
Ultrasound-assisted extraction is an inexpensive,
simple and efficient alternative to conventional
extraction techniques. The main benefits of use
of ultrasound in solid-liquid extraction include
the increase of extraction yield and faster kinet-
ics. Ultrasound can also reduce the operating
temperature allowing the extraction of thermola-
bile compounds (Wang and Weller, 2006).

The phenol content from fig have been recently
analysed by Duenas et al. (2008), Solomon et al.
(2006) and Veberic et al. (2008), but literature
data about the influence of different extraction
methods on the extractability of phenolic com-
pounds from figs are scarce. This study examined
the influence of ultrasound-assisted extraction
and solid-liquid extraction with 80% of aqueous
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ethanol solution on the total phenolics, total fla-
vonoids and total colour change of extracts from
five different autochthonous varieties of figs
(Bjelica, Termenjaca, Crnica, Bruzetka bijela
and Saraguja).

Materials and methods
Material

Fruits from five selected commercial fig (Ficus
carica L.) varieties: Bjelica, Termenjaca, Crnica,
Bruzetka bijela and Saraguja were harvested in
region of Istria at the optimal ripening time (given
by experts in agronomy) in year 2008. Fig sam-
ples were frozen at -20 °C and than freeze dried
in the freeze drying equipment (LIO-10P, Kam-
bic d.o.o., Slovenia). Samples were grounded a
blender before the extraction. Dry matter content
of fig samples were determined by drying of 5 g
milled fig samples at 105 °C to constant mass.
Analyses were done in duplicate and the average
dry matter content was noted as percentage (%).
The content of dry matter was in range from 85-
88% depending from fig variety of samples used
in this study.

Solid-liquid extraction

In the test tubes, 0.5 g of fig sample was mixed
with 20 ml of 80% aqueous ethanol solution. The
extraction process was conducted in laboratory
scale by using water bath (Julabo SW-23, Ger-
many) with shaking (200 rpm) for 15 minutes
at 50 °C. All extraction runs were performed in
duplicate. Obtained extracts were separated from
rough particles after extraction by decantation
and were centrifuged (Sigma 2-16, Germany)
for 10 minutes on 10 000g. Supernatant was
decanted and updated to the known volume (20
ml). Supernatant was stored at +4 °C until further
analysis.

Ultrasound-assisted extraction

Fig samples (0.5 g) were extracted by 80% aque-
ous ethanol solution (20 ml) as a solvent. The ex-
traction process was carried out using ultrasonic
bath (Sonorex Super RK 100 SH) at the 50 °C for
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15 minutes in two repetitions.

Ethanol extracts were centrifuged at 10 000 g for
10 minutes and pooled with extraction solvent.
Supernatant was stored at +4 °C until further
analysis.

Total phenolic content (TPC)

The concentration of total phenolic compounds
in the extracts was determined by Folin-Ciocal-
teau micro-method (Waterhouse, 2009) as fol-
lows: 40 pl of extract was mixed with 3160 pl
of distilled water and 200 pl of Folin-Ciocalteau
reagent. After 30 seconds to 8 minutes, 600 pl
0f 20% of sodium carbonate solution was added.
All test tubes with mixture were shaken for 10
seconds on the Vortex and incubated in a water
bath at 40 °C. Absorbance was measured after
15 min on UV/VIS spectrophotometer (UV 1700
Shimadzu, Japan) at 765 nm against blank sam-
ple. Blank sample was prepared with water in-
stead of extract. Determination of total phenolic
compounds was carried out in a duplicate and
calculated from the calibration curve obtained
with gallic acid, which was used as a standard
and final results were recalculated and expressed
as gallic acid equivalent per dry basis of fig sam-
ples (mg GAE/gdb).

Total flavonoid content (TFC)

The concentration of total flavonoid compounds
in the extracts was determined by the aluminium
chloride colourimetric assay (Marinova et al.,
2005) as follow: 1 ml of extract was added to 10
ml volumetric flask containing 4 ml of distilled
water and 0.3 ml 5% NaNO2. After 5 min, 0.3
ml 10% AICI13 was added. At 6th min, 2 ml 1 M
NaOH was added and the total volume was made
up to 10 ml with distilled water. The solution
was mixed well and the absorbance was meas-
ured against prepared reagent blank at 510 nm.
Determination of total flavonoid compounds was
carried out in a duplicate and calculated from
the calibration curve obtained with (+)-catechin,
which was used as a standard and final results
were recalculated and expressed as (+)-catechin
equivalent per a dry basis of fig samples (mg CE/
gdb).
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Colour measurement

The colour of samples was measured using Mi-
nolta CR-400 Chromameter. The figs were milled
in a coffee grinder to obtain fine powder. Analy-
ses of colour values were done twenty times
for each sample. Three parameters, L (light-
ness), a (redness) and b (yellowness), were used
to study changes in the colour. L refers to the
lightness of the samples and ranges from black
= 0 to white = 100. A negative value of a indi-
cates green, while a positive one indicates red-
purple colour. Positive b indicates yellow and
negative blue colour. The total colour difference
(AE) was calculated as follows (Hunter, 1975):

AE=\/[(L—L0)2+(a_ao)2+(b_b°)2} (1)

where L0, ao and b0 indicate colour parameters
of fresh fig samples. Fresh fig samples were used

as the reference and a higher AE represents great-
er colour change from the reference material.

Statistical analysis

Statistica 7.0 (Stat Soft Inc., USA) was used for
data analyzing. One-way analysis of variance
(ANOVA) and multiple comparisons (post-hoc
LSD) were used to evaluate the significant differ-
ence of the data at p<0.05. Data were expressed
as means =+ standard deviation. Experiments were
replicated two times for statistical purpose.

Results and discussion

The aim of this study was to examine the influ-
ence of ultrasound-assisted extraction and solid-
liquid extraction with 80% of aqueous ethanol
solution as a solvent on the total phenolics, total
flavonoids and total colour change of extracts
from five different autochthonous varieties of
figs: Bjelica, Termenjaca, Crnica, Bruzetka bijela
and Saraguja. (Fig. 1).

BJELICA TERMENJACA

SARAGUJA

BRUZETKA BIJELA CRNICA

Fig. 1. The autochthonous fig varieties in Istria (Croatia)

Dry matter content in all experimental runs was
determined and the results of total phenol and to-
tal flavonoid concentrations were expressed on
dry basis, which generally provides more accu-
rate and reliable data comparison.

Fig. 2 showed the total colour change (AE) of
freeze dried fig samples. It can be seen that fig
sample variety Crnica showed the smallest to-
tal colour changes, while fig sample variety
Termenjaca showed the highest colour changes
according to fresh fig sample. An ANOVA analy-
sis showed the existence of four groups which
differed significantly (p < 0.05) from one to an-
other according to different fig varieties. Rep-
resented results show that there are no statisti-
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cally significant differences according to colour
changes between freeze dried fig samples variety
Bjelica and Bruzetka bijela.
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Bjelica Termenjaca Crnica B.bijela

Fig. 2. Total colour change (AE) of freeze dried fig samples
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Fig. 3 showed the total colour change (AE) of ex-
tracts obtained by ultrasound-assisted extraction
and solid-liquid extraction with 80% aqueous
ethanol solution from different fig varieties. It
can be seen that total colour changes of extracts

up to 31.1% in fig variety Bjelica, 6.2% in fig
variety Termenjaca, 15.2% in fig variety Crnica,
26.6% in fig variety Bruzetka bijela and up to
3.1% in fig variety Saraguja compared to classic
solid-liquid extraction.

were significantly reduced applying ultrasound
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Fig. 3. Total colour change (AE) of extracts from different fig varieties
solution was selected as solvent due to environ-

mental safety, low cost and less toxicity, unlike
the other solvents (e.g. methanol).

Fig. 4 and Fig. 5 showed the influence of two in-
vestigated extraction methods on total phenolic
content and total flavonoid content in different
fig extracts, respectively. The aqueous ethanol
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Fig. 4. Effect of extraction type on total phenolic content in different fig extracts
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Although for the food purposes water represent-
ed the best solvent selection, as a polar solvent
(such as the phenolic compounds) water ex-
tracted the other undesirable macromolecules as
well (protein, polysaccharide, etc.) especially at
higher temperatures and pressures (Rostagno et
al., 2003; Tsao and Deng, 2004). Spigno et al.
(2007) found that a higher content of water in the
ethanol/water solution (concentration of aqueous
ethanol solution lower than 50%) reduced the
extraction of polyphenols. Also, Rostango et al.
(2004) found that it is necessary to add a certain
amount of water in the extraction solvent in order
to improve the extraction of phenolic compounds.

The water content higher than 60% resulted in a
reduction of the extraction yield the same com-
ponents. Using pure ethanol as solvent reduced
the extraction efficiency since the polyphenols,
due to a number of hydroxyl groups (such as fla-
vonoids, glycosides), are hydrophyl, and as such
generally more soluble in water-ethanol solutions
than in pure alcohol. The reason for low content
of phenolic substances in water extracts can also
be the increased activity of enzymes (polyphenol
oxidase, PPO) that degraded phenolic substances
unlike alcoholic media in which the same is inac-
tive (Lapornik et al., 2005).
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Fig. 5. Effect of extraction type on total flavonoid content in different fig extracts

Represented results (Fig. 4 and Fig. 5) showed
that ultrasound-assisted extraction increased the
total phenolic content (up to 13.72%) as well
as the total flavonoid content (up to 18.55%) in
fig samples. The reason for this is the mechani-
cal effects of ultrasound which caused a greater
penetration of solvent into cellular materials and
improved mass transfer. Ultrasound in extraction
can also disrupt biological cell walls, facilitating
the release of contents. The efficient cell disrup-
tion and effective mass transfer can increased the
extraction yield and, furthermore, ultrasound can
even improved the quality of extracts (Mason et
al., 1996, Wang and Weller, 2006). The highest
concentration of total phenols was obtained from
fig extracts variety Crnica, while the lowest con-
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centration of total phenols was achieved from
fig variety Bjelica. Statistical analysis (ANOVA,
post-hoc LSD, p<0.05) showed that applied ex-
traction methods had no statistically significant
influence only on total phenolic content in the
fig samples variety Crnica. The darker varieties
of figs resulted in the highest content of pheno-
lics and flavonoids compare to white type of figs
such as analyzed variety of fig Bjelica. The simi-
lar results have been published by Veberic et al.
(2008), where the phenol content in the white va-
riety of fig (“Skofjotka”) was significantly lower
than in the darker varieties (“Miljska figa” and
“Crna petrovka”).

Similar data for the extraction yield of phenol-
ic compounds from figs had been published by
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other authors, where specific differences exist
because of different methodologies of experi-
mental work, sample diversity (climate, variety,
etc.) or part of the sample from which extraction
was carried out (fruit with or without skin, pulp,
leaves) and ways of expression the content of
phenolic compounds (expressed on the mass of
fresh sample, or on the mass of dry matter) in
the sample. Marinova et al. (2005) were deter-
mined the phenolic content from freeze-dried fig
samples with 80% aqueous methanol solution at
room temperature. The extraction yield of total
phenolic content from fig sample was expressed
as mg gallic acid equivalents GAE/100g fresh
weight (TPC = 59.0 mgGAE/100g fresh mass)
and total flavonoid content was expressed as mg
catechin equivalents CE/100g fresh weight (TFC
= mgCE/100g fresh mass).

Conclusions

According to experimental results in this study,
ultrasound-assisted extraction showed the high-
est total phenolic content (up to 13.72%) and to-
tal flavonoids content (up to 18.55%) compared
to classic solid-liquid extraction. Represented
results show that total colour changes of extracts
were reduced (up to 32.1%) applying ultrasound.
Significant difference was found between total
phenolic and total flavonoids content according
to different varieties of fig. The darker varieties
of figs resulted in the highest content of phe-
nolics and flavonoids compare to white type of
figs. Ultrasound can increase the extraction yield
and improved the quality of extracts. Additional
research is required to investigate the chemical
composition of these phenolic compounds in fig
samples.
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