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SUMMARY: Olive pomace, which is considered as one of the worst agro-industrial wastes in Mediterranean
countries was tested for bioactive compounds production through the solid state fermentation of Kluyveromyces
marxianus. Because they present potent biological activities, phenolic compounds from both unfermented and
fermented pomace were extracted with simultaneous evaluation of their antioxidant and anticancer activities.
Conditions for optimum total phenolic recovery with maximum antioxidant activity were optimized using metha-
nol as the extracting solvent with a sample to solvent ratio of 1:10 at 50 °C for 2 hours. The in-vitro anticancer
activity of both extracts was assessed against different human cancer cell lines. The results revealed that both
extracts exerted anticancer effects close to the value of doxorubicin drug against liver HepG2 and breast MCF-7
cell lines, and moderate activity against prostate PC3 and colon HCT116 cell lines. Nevertheless, the fermented
extract was more potent than the unfermented one. No effect against lung A549, cervix Hela cancer cell lines or
normal HFB4 cells was observed for both extracts. A GC/MS analysis was carried out to determine the com-
pounds responsible for antioxidant and anticancer activities. The results showed the presence of methyl palmitate,
methyl oleate, and ethyl oleate in the methanolic extract of unfermented olive pomace, while that of the fermented
one showed the production of carvacrol, thymol, eugenol, caryophyllene oxide and methyl isopalmitate.
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RESUMEN: Eficacia antioxidante y anticancerigena de compuestos bioactivos terapéuticos de residuos de la
fermentacion de aceitunas. El orujo de oliva considerado como uno de los peores residuos agroindustriales en
los paises mediterraneos fue ensayado para la produccion de compuestos bioactivos mediante fermentacion
en estado solido de Kluyveromyces marxianus. Se extrajeron los compuestos fendlicos de orujos fermentados
y no fermentados ambos con potentes actividades bioldgicas y se evaluaron sus actividades antioxidantes y
anticancerigenas. Se optimizaron las condiciones para la recuperacion fenolica 6ptima con actividad antioxi-
dante maxima, estas se lograron usando metanol como disolvente de extraccion con una relacion de muestra a
disolvente de 1:10 a 50 °C durante 2 horas. La actividad anticancerigena in vitro de ambos extractos se evaluo
frente a diferentes lineas celulares de cancer humano. Los resultados revelaron que ambos extractos ejercen un
efecto anticancerigeno cercano al valor del farmaco doxorrubicina contra lineas celulares hepaticas HepG2 y
MCF-7 de mama, y actividad moderada contra lineas celulares de PC3 de prostata y HCT116 de colon, sin
embargo, el extracto fermentado fue mas potente que el no fermentado. No se observé ningtin efecto contra las
lineas celulares A549 de cancer el pulmon, de cuello de ttero o células HFB4 normales, para ambos extractos.
El analisis GC/MS se llevé a cabo para determinar los compuestos responsables de las actividades antioxidantes
y anticancerigenas. Los resultados mostraron la presencia de palmitato de metilo, oleato de metilo y oleato de
etilo en el extracto metandlico de orujo de oliva no fermentado, mientras que el fermentado mostrd la produc-
cion de carvacrol, timol, eugenol, dxido de cariofileno e isopalmitato de metilo.
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1. INTRODUCTION

Phenolic compounds represent one of the main
classes of bioactive compounds which play an
important role in cancer prevention and treatment
primarily due to their antioxidant, anticarcinogenic
and antimutagenic effects. Dietary polyphenols have
received tremendous attention among nutritionists,
food scientists and consumers due to their potent
antioxidant properties and their marked effects in
the prevention of various oxidative-stress-associated
diseases. Research aiming to find fruits, vegetables,
plants, agricultural and agro-industrial residues as
sources of bioactive compounds has been intensified
(Dai and Mumper, 2010).

The olive oil industry represents a major sea-
sonal industry in Mediterranean countries with an
important economic role. However, it is associated
with the production of a vast amount (2,880,500
tonnes/year) of a solid environmentally polluting
residue known as olive oil cake or olive pomace (OP)
(Nunes et al., 2016). The disposal of this waste is
a challenging task for olive oil producing countries
due to its unfavorable physico-chemical character-
istics (Nunes et al., 2016). Nevertheless, OP is one
of the most important agro- industrial sources of
phenolic compounds since only 2% of the polyphe-
nols contained in the olive fruit are transferred into
olive oil while the other 98% remain in olive oil by-
products (about 45% of the total phenolics in the
olive fruit is retained in OP) (Ciriminna et al., 2016).
To date, only a few papers in the literature have
focused on the evaluation of the phenolic content
of OP as a potential source of bioactive compounds
for pharmaceutical and food industries. Thus, it is
of great interest to recover an extract enriched with
phenolic compounds, from the low-cost, environ-
mentally polluting and widely available by-product,
OP (Aliakbarian et al., 2011).

Solid State Fermentation (SSF) can be used suc-
cessfully for the extraction/production of bioac-
tive compounds on industrial scale for use in food,
feed, chemical applications and for the treatment of
diseases. In addition, the substitution of synthetic
substrates by agro-industrial residues is considered
a valuable approach that does not only eliminate the
environmental pollution caused by these wastes, but
also allows for their valorization (Mahmoud ez al.,
2009; Mahmoud and Ali, 2012).

Scarce research in the literature has focused
on the in vitro cytotoxic activity of OP phenolic
extracts against different cell lines including HepG2
human hepatoma cell line (Ranchal ef al., 2014)
and MDA-MB-231 breast cancer cell line (Ramos
et al., 2013).

Moreover, a polyphenol extract from OP was
proven to restore anoxia-impaired endothelial func-
tions through the regulation of genes expression
more efficiently than the single purified components

owing to synergism. Therefore, the combined use
of polyphenols, as in OP extract, could represent a
powerful tool for the treatment and chemopreven-
tion of diseases.

This study aimed to recover an extract enriched
with phenolic compounds from the environmental
polluting agro-industrial waste, OP, through an eco-
friendly technique, SSF, which involves the fermen-
tation of the generally-recognized-as-safe (GRAS)
yeast, Kluyveromyces marxianus NRRL Y-8281. The
optimal conditions for phenolic compound extrac-
tion from unfermented (UFOP) and fermented OP
(FOP) were studied. The effect of fermentation on
the phenolic content and antioxidant activity of OP
was assessed. In addition, the individual components
of UFOP and FOP methanolic extracts were identi-
fied using the GC/MS technique. Finally, the in vitro
anticancer activity of UFOP and FOP methanolic
extracts was evaluated against different cell lines.

2. MATERIALS AND METHODS
2. 1. MATERIALS
2.1.1. Olive pomace waste

The olive pomace (OP) generated from a three-
phase decanter system was provided by a local
olive-pressing factory located in Al-Arish, North
Sinai, Sinai Peninsula, Egypt, during olive harvest-
ing season. The OP was stored till used in a deep
freezer at —20 °C.

2.1.2. Microorganism

Kluyveromyces marxianus NRRL'Y - 8281 yeast
was purchased from Agricultural Research Service
(Peoria, Illinois, USA).

2.1.3. Cell lines and culturing

The anticancer impact of the unfermented and
fermented extracts was evaluated on HepG?2 (liver),
MCEF-7 (breast), A549 (lung), Hela (cervix), PC3
(prostate), HCT116 (colon) and HFB4 (normal
human melanocyte) cell lines purchased from
ATCCT (Rockville, MD, USA). Maintenance of
the cells was achieved as previously described by
El Malah et al., (2016).

2.2. METHODS OF ANALYSIS
2.2.1. Culture conditions

Adaptation of yeast was conducted according to
Wickerham (1951). The strain was streaked onto a
YME/agar medium and then incubated for 48 h at
30 °C. Every 4 weeks the stock was sub-cultured and
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stored at 4 °C. The inoculum preparation was done
by inoculating a loop of the culture in a sterile inoc-
ulum medium (50 ml) of the same composition of
the stock medium without agar. The inoculum was
then incubated under shaking conditions (150 rpm,
for 24 h at 30 °C).

2.2.2. Solid state fermentation

Inoculum of 1 ml (containing about 10° cells/ml)
was inoculated into 5 g of sterilized OP (sterilized
at 121 °C for 20 min at 15 psi) in Erlenmeyer flasks
(250 ml). The Inoculated flasks were incubated stati-
cally for 48 h at 45 °C (Mahmoud et al., 2018).

2.2.3. Polyphenol extraction

Both unfermented olive pomace (UFOP) and
fermented olive pomace (FOP) were dried in an
oven at 50 °C. The dried extracts were ground by an
electrical blender to get powder. The resulting pow-
der was sieved and then stored at —20 °C until use
(Mahmoud and Ali, 2012). Phenolic compounds
were extracted as reported by Mahmoud and Ali
(2012). One gram of dry UFOP or FOP was added
to 10 ml of solvent and incubated in a shaking water
bath at 100 rpm, 50 °C for 2 h. After extraction,
the extracts were filtered and the resulting filtrates
were evaporated. The extracted residues were then
re-dissolved in the corresponding solvent to get a
concentration of 4 mg/ml. The antioxidant activity
and phenolic content of the reconstituted extracts
were evaluated.

2.2.4. Optimization of polyphenol extraction

Various physico-chemical parameters influenc-
ing total phenolic recovery were optimized. The
influence of solvent type (methanol, ethanol, dis-
tilled water, n-propanol, isopropanol, ethyl ace-
tate, acetone, chloroform and hexane), sample to
solvent ratio (1:5, 1:10, 1:15 and 1:20), extraction
time (30 min, 1 h, 2, 4 and 6 h) and extraction tem-
perature (30, 40, 50, 60 and 70 °C) on phenolic
content recovery was evaluated. The optimization
of various process parameters was to estimate the
influence of each individual parameter (extraction
solvent, sample to solvent ratio, extraction time and
extraction temperature) regardless of the others,
and subsequently the optimal condition was incor-
porated into the experiment for optimizing the next
parameter.

2.2.5. Total phenolic assay

The extract’s total phenolic content was assessed
as mentioned by Quettier-Deleu et al., (2000) as gal-
lic acid equivalent / g dry substrate (mggag/gds)

2.2.6. Antioxidant activity

DPPH Radical-scavenging assay. The activity of
the extract to scavenge the DPPH radical was evalu-
ated by the method of Mensor et al., (2001).

B-Carotene-linoleic acid assay. Antioxidant activ-
ity was evaluated as reported by Juntachote and
Berghofer (2005).

2.2.7. Gas chromatographic-mass spectrometric
(GCIMS) analysis of UFOP and FOP
methanolic extracts

About 5 pl of UFOP and FOP extracts were
used. The analysis was performed using Thermo
Scientific trace GC Ultra Couple with single quad-
rupole MS and a fused silica capillary column
TG-5MS (30 m X 0.251 mm, 0.1 mm film thick-
ness). The oven temperature was maintained ini-
tially at 40 °C for 3 minutes and then programmed
from 40 to 280 °C with rate of 4 °C/min. Helium
was used as carrier gas, at 1 ml/min flow rate. The
determination of all the identified compounds was
made using a percent relative peak area. A tenta-
tive identification of the components was made in
function with the relative retention time and the
mass spectra with those of The National Institute
of Standard and Technology, NIST Willy library
data of the GC/MS system.

2.2.8. In vitro anticancer activity assay of UFOP
and FOP methanolic extracts

The anticancer activity of UFOP and FOP
methanolic extracts (which had maximum total
phenolic recovery and the highest antioxidant
activity among other solvents used in the study)
was measured as described by Skehan et al.,
(1990) and Ibrahim et al., (2015) using the Sulfo-
Rhodamine-B stain assay. Cells were incubated
with serial dilutions of UFOP and FOP extracts
or the reference drug doxorubicin for 48 h. Then
the cells were stained with 0.4% acetic acid SRB
solution. Unbound stain was washed with acetic
acid. Optical density was measured in an ELISA
reader at wave length 545 nm and the inhibitory
concentration (ICs)) was assayed in comparison
with doxorubicin (Ali et al., 2014).

2.3. Statistical analysis

The data were reported as mean * standard error
and analyzed statistically using independent sample
t-test for comparison between the fermented and
unfermented olive pomace groups. Significance was
calculated at p < 0.05. The correlation coefticient (r)
was also calculated by the Bivariate Correlation Test
using the SPSS 16.0 Program.
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3. RESULTS AND DISCUSSION

Phenolic compounds represent a major class of
bioactive compounds. They are considered as potent
antioxidants which can improve human health
through the prevention of heart diseases, inflamma-
tion reduction and lowering the incidence of several
diseases such as cancers and diabetes (Khoddami
et al., 2013). Research has been intensified aiming
to find natural, cheap and renewable sources of bio-
active compounds. Therefore, a comparative study
between UFOP and OP fermented by K. marxianus
NRRL Y-8281 was conducted in order to investi-
gate the effect of fermentation on OP total phenolic
content and antioxidant activity.

The solvent type which ensures optimum phe-
nolic recovery depends mainly on the chemical
properties of the phenolic components contained
in the sample at hand (Khoddami ez al., 2013). The
chemical nature of phenolic compounds present
in the sample determines their solubility, which is
governed by the number of hydroxyl groups and
molecular weight. The solubility of total phenolic
compounds in turn determines the polarity of sol-
vent used for total phenolic extraction. Only the
mixture of phenolic compounds which is soluble
in the solvent selected can be extracted from the
sample. Thus, different solvents extract different
proportions of total phenolic compounds from
the sample giving different total phenolic yields
and antioxidant activities. The highest total phe-
nolic recovery is usually achieved using ethanol,
methanol and their mixtures with water (Dai and
Mumper, 2010). The total phenolic recovery from
UFOP and FOP varied in response to different sol-
vents as shown in Figure 1. Solvent type was found
to be significantly correlated to phenolic recovery
from both UFOP (r =0.552) and FOP (r =0.462).

Antioxidant activity (%)

Il Antioxidant activity of UFOP extract

Polar solvents were more efficient in polypheno-
lic extraction and gave higher yields. Methanol
showed the highest total phenolic recovery (207.35
and 114.78 mggag/gds for UFOP and FOP, respec-
tively). Other solvents showed lower total phenolic
yield and ranged from 30.66 to 90.25 mgge/gds for
both UFOP and FOP. These result resemble those
reported by Lafka et al., (2011) to some extent.
Different extracts showed different antioxidant
activity (Figure 2). This is because the antioxidant
activity is influenced by the type and polarity of the
extracting solvent as well as the extraction procedure
(Lafka et al., 2011). Also, DPPH radical scavenging
activity is influenced by both the chemical structure

200 7
150

100 +

Total phenolic recovery
(mg,,./gds)

Solvent type
® Total phenolic recovered from UFOP
® Total phenolic recovered from FOP

FIGURE 1. Effect of solvent type on total phenolic recovery
from unfermented (UFOP) and fermented (FOP) olive pomace.

The experiment was carried out in triplicate. Values are given as
meantstandard error of three batches. Independent sample 7-test was
used for comparison of means. Means bearing different superscripts are
significantly different (p < 0.05).

Solvent type

Il Antioxidant activity of FOP extract

FIGURE 2. DPPH free radical scavenging activity of unfermented (UFOP) and
fermented (FOP) olive pomace extracts obtained with different solvents.

The experiment was carried out in triplicate. Values are given as mean % standard error of three batches.
Independent sample #-test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).
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of the scavenger compound and the polarity of the
reaction medium (Uribe et al., 2014). A significant
correlation was found between solvent type and the
antioxidant activity of UFOP (r =0.892) extract
and FOP extract (r =0.898). Methanolic and etha-
nolic extracts showed the highest antioxidant activ-
ity (methanolic extracts expressed 96 and 97% and
ethanolic extracts expressed 83.87 and 92.1% for
UFOP and FOP, respectively); while the antioxidant
activity of ethyl acetate extract (44.05 and 44.92%
for UFOP and FOP, respectively) was surpassed by
that of n-propanol (58.28 and 69.96% for UFOP
and FOP, respectively) and iso-propanol (50.53 and
59.39% for UFOP and FOP, respectively). These
findings are in accordance with those reported by
Lafka et al., (2011). To explore the influence of total
phenolic content on antioxidant activity of OP, the
correlation between the antioxidant capacity and
total phenolic content was determined. The anti-
oxidant activity of both extracts was significantly
correlated with their phenolic content (r = 0.807 for
UFOP, and r = 0.708 for FOP), which means that
phenols represent a high percentage of the antioxi-
dant capacity of olive pomace extract. A correlation
between the antioxidant activity and total phenolic
content of OP methanolic extract (r = 0.453) was
previously reported by Uribe er al., (2014) and
Alu'datt et al., (2010) (r = 0.746). Increasing sam-
ple/solvent ratio increased total phenolic recovery.
However, the use of large amounts of solvents is not
economical and is environmentally polluting due to
the increased solvent waste. Moreover, the appropri-
ate amount of extracting solvent should be deter-
mined to avoid saturation effects (Dai and Mumper,
2010). The data in Figure 3 shows that a sample/
solvent ratio of 1:10 was optimum for both total
phenolic recovery (207.35 and 114.78 mggag/gds

200

150 ~

(mg,,./gds)
=
3
1

Total phenolic recovery
wv
o
1

01:10

for UFOP and FOP, respectively) and antioxidant
activity (96 and 97% for UFOP and FOP, respec-
tively). The lowest total phenolic yield (74.72 and
71.44 mggae/gds for UFOP and FOP, respectively)
and antioxidant activity (95.69 and 96.4% for
UFOP and FOP, respectively) were obtained when a
sample/solvent ratio of 1:5 was applied. This result
coincides with the results of Lafka et al., (2011). No
significant correlation was found between sample
to solvent ratio and total phenolic recovery or anti-
oxidant activity of the extracts. However, the anti-
oxidant activity of the extracts was strongly and
significantly correlated to their phenolic contents
(r=0.777 for UFOP and r = 0.759 for FOP).

The time of total phenolic extraction is a key fac-
tor as it influences both the efficiency of the process
through maximizing the extraction yield and the
process cost (Aliakbarian et al., 2011). Both extrac-
tion time and temperature are responsible for total
phenolic solubilization in the extracting solvent
and subsequent extraction. However, both factors
are also responsible for analyte oxidation and deg-
radation leading to decreased total phenolic recov-
ery. Increasing extraction time and temperature
normally leads to increased phenolic recovery, as
a result of enhanced analyte solubility, to a certain
limit, above which the phenolic yield decreases due
to phenolic degradation or oxidation as a result of
exhausted extraction times and high temperatures
(Khoddami et al., 2013). Total phenolic recovery
as well as antioxidant activity were directly propor-
tional to the extraction time till optimum recoveries
(207.35 and 114.78 mggae/gds for UFOP and FOP,
respectively) and antioxidant activity (96 and 97%
for UFOP and FOP, respectively) were reached at
2 h of extraction, after which they were inversely
proportional to further increase in extraction time

F 99
97

F 95

N N - 93

01:15 01:20

Antioxidant activity (%)

Sample/Solvent ratio

M Total phenolic recovered from UFOP M Total phenolic recovered from FOP

. Antioxidant activity of UFOP extract % Antioxidant activity of FOP extract

FiGure 3. Effect of sample to solvent ratio on total phenolic recovery and antioxidant
activity from unfermented (UFOP) and fermented (FOP) olive pomace.

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches.
Independent sample 7-test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).

*and ” are significance of means of total phenolic recovered, while * and * are significance of means of antioxidant activity.
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as shown in Figure 4. Similar behavior was reported
by Aliakbarian et al., (2011), who stated a shorter
extraction time (90 minutes) due to the application
of high pressure and high temperature. While, Lafka
et al., (2011) observed an increase in total phenolic
recovery with time up to 3 h of extraction. Alu’datt
et al., (2010) reported an optimum extraction time
of 12 h using methanol. The decrease in antioxi-
dant activity of samples with increasing the extrac-
tion time beyond the optimum one may be due to
a loss in the antioxidant activity of polyphenolic
compounds by exposure to temperature, light and
oxygen. The same pattern was reported by Lafka
et al., (2011). Extraction time was significantly cor-
related with total phenolic extraction from FOP
(r = -0.626), while it was not correlated with total
phenolic extraction from UFOP. However, the time
of extraction was significantly correlated with the
antioxidant activity of both extracts (r = 0.685 for
UFOP and r = 0.624 for FOP). Meanwhile, the anti-
oxidant activity of both extracts was not correlated
with their phenolic contents.

High extraction temperature usually minimizes
the extraction duration. However, elevated tem-
perature can cause phenolic degradation (Dai and
Mumper, 2010). Increasing the extraction tempera-
ture not only increases total phenolic solubility and
mass transfer rate (diffusion coefficient), but also
decreases the viscosity and surface tension of the sol-
vent used helping the solvent to penetrate the sam-
ple particles leading to an improved total phenolic
recovery. Also, high temperature disrupts the strong
solute-matrix interactions stabilized by Vander-
Waals forces, hydrogen bonding and dipole attrac-
tions, thus allowing for better recovery (Aliakbarian
et al., 2011). However, many phenolic compounds
could be lost during their extraction at high tem-
perature for prolonged time due to their oxidation

100 7 b

(mg,,./gds)
Q0

50 ]

Total phenolic recovery

1
12 1

2

and hydrolysis leading to a decreased recovery (Dai
and Mumper, 2010). The data in Figure 5 shows that
total phenolic recovery as well as antioxidant activ-
ity increased by increasing extraction temperature
up to 50 °C (207.35 and 114.78 mggap/gds express-
ing 96% and 97% antioxidant activity for UFOP
and FOP, respectively) and then started to fall. This
positive relationship between total phenolic recov-
ery from OP and temperature has been confirmed
by other authors. Alu’datt et al., (2010) reported a
continuous increase in total phenolic recovery and
antioxidant activity with temperature giving maxi-
mum recovery at 70 °C and maximum antioxidant
activity at 60 °C. An optimum temperature of
180 °C, giving a maximum total phenolic recovery
using a high pressure-high temperature reactor was
recorded by Aliakbarian et al., (2011). On the other
hand, Shahidi and Naczk (2003) observed that the
extraction temperature was directly proportional
to the total phenolic recovery, while it was inversely
proportional to the antioxidant activity. Extraction
temperature was strongly correlated with phenolic
recovery (r = -0.766 for UFOP and r = -0.813 for
FOP) but not correlated with the antioxidant activity
of the extracts. However, the total phenolic content
of both extracts was significantly correlated with
their antioxidant activity (r = 0.601 for UFOP and
r = 0.744 for FOP). Alu’datt et al., (2010) affirmed
that the total phenolic compound content of olive
pomace extracts varied significantly (p < 0.05) for
the tested temperature range.

Further studies were conducted for the deter-
mination of the best UFOP and FOP methano-
lic extract concentration which gives the optimum
phenolic content to express maximum antioxidant
activity. The total phenolic content of the metha-
nolic extract of UFOP and FOP with various con-
centrations (2-10 mg/ml) is shown in Figure 6.

99 ©
z
* >
b*p a *a*.b o L 97 'g
aa*Qb §
§ -95 %
N z
§ <
L 93

Extraction time (hours)

W Total phenolic recovered from UFOP M Total phenolic recovered from FOP

. Antioxidant activity of UFOP extract

. Antioxidant activity of FOP extract

FiGURE 4. Effect of extraction time on total phenolic recovery and antioxidant
activity from unfermented (UFOP) and fermented (FOP) olive pomace.

The experiment was carried out in triplicate. Values are given as mean % standard error of three batches.
Independent sample 7-test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).
“and " are significance of means of total phenolic recovered, while *” and ™ are significance of means of antioxidant activity.
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" Antioxidant activity of FOP extract

FIGURE 5. Effect of extraction temperature on total phenolic recovery and antioxidant
activity from unfermented (UFOP) and fermented (FOP) olive pomace.

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches.
Independent sample 7-test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).
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*and ” are significance of means of total phenolic recovered, while * and * are significance of means of antioxidant activity.
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M Total phenolic content of UFOP extract B Total phenolic content of FOP extract

FIGURE 6. Total phenolic content of unfermented (UFOP) and fermented (FOP)
olive pomace methanolic extracts at different concentrations.

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches.
Independent sample -test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).

The results showed that the higher the concentra-
tion used for the assay, the higher the total pheno-
lic content. However, the total phenolic content of
the FOP extract at all studied concentrations was
lower than that of the UFOP extract indicating OP
polyphenol degradation by K. marxianus fermenta-
tion. The antioxidant activities of different extract
concentrations (2-10 mg/ml) were measured using
DPPH radical scavenging activity and B -carotene/
linoleic acid system assays. The results gathered in
Figure 7 show that the free radical scavenging activi-
ties of both extracts were concentration-dependent.
There was a gradual increase in the DPPH radical
scavenging activity of both extracts with an increase
in the extract concentration till maximum radical

scavenging activities (96.0 and 97.0% for UFOP and
FOP, respectively) were reached at extract concentra-
tions of 4 mg/ml for both extracts. Beyond this con-
centration a decrease in their activities was observed.
Figure 8 shows that the inhibition of lipid peroxi-
dation activity of both extracts was also concentra-
tion-dependent. The inhibition of lipid peroxidation
activity in both extracts increased gradually with an
increase in the extract concentration till maximum
inhibition of lipid peroxidation activity (44.5 and
68.9% for UFOP and FOP, respectively) was reached
at the extract concentration of 4 mg/ml for both
extracts and above this concentration a decrease in
their activities was observed. The decrease in the
antioxidant activity in both extracts observed for
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FIGURE 7. DPPH free radical scavenging activity of different concentrations of
unfermented (UFOP) and fermented (FOP) olive pomace methanolic extracts.

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches. Independent sample #-test was used for
comparison of means. Means bearing different superscripts are significantly different (p < 0.05).

Antioxidant activity (%)
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FIGURE 8. Antioxidant activity of different concentrations of unfermented (UFOP) and fermented (FOP)
olive pomace methanolic extracts using B-carotene / linoleic acid system assay

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches.
Independent sample 7-test was used for comparison of means. Means bearing different superscripts are significantly different (p < 0.05).

both the DPPH radical scavenging system and P -
carotene/linoleic acid system can be attributed to the
pro-oxidant activity of phenolic compounds. The
concentration of the phenolic-rich extract was signifi-
cantly correlated with the total phenolic content (r =
0.992 and 0.991 for UFOP and FOP, respectively)
and to the antioxidant activity in the § -carotene/lin-
oleic acid system assay (r = —0.707 and —0.526 for
UFOP and FOP, respectively), although it was not
correlated with the DPPH radical scavenging activ-
ity of both extracts. The phenolic content of the
UFOP extract was significantly different from that
of the FOP extract at sample concentrations rang-
ing from 4 to 10 mg/ml (p < 0.05), which indicates
phenolic degradation of OP by fermentation. No

significant difference was found between their phe-
nolic contents at a concentration of 2 mg/ml. Also,
a significant difference (p < 0.05) was found between
the DPPH radical scavenging activity of UFOP and
FOP methanolic extracts at different concentra-
tions, indicating an enhanced radical antioxidant
activity of OP after fermentation. In addition, a
significant difference (p < 0.05) was found between
both extracts with regards to their activity in the
B-carotene/linoleic acid system, suggesting enhanced
pomace protecting activity against lipid peroxida-
tion after fermentation.

The optimization of extraction parameters
resulted in a maximum total phenolic yield of
207.35 and 114.78 mggag/gds for UFOP and FOP,
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respectively, using methanol with a sample/solvent
ratio of 1:10 (V/W) at 50 °C for 2 h at a sample con-
centration of 4 mg/ml. Aliakbarian et al., (2011)
obtained a maximum total phenolic yield of 45.2
mggap/gds using methanol with a ratio of 10:1
(V/IW) at 180 °C for 90 minutes under an appropri-
ate pressure. While Alu’datt ez al. (2010) reported a
maximum total phenolic yield (4.4 mggsap/gds) using
methanol (25:1 V/W) at 70 °C for 12 h. Suarez et al.,
(2009) reported a maximum total phenolic yield of
2.5 mg phenol/g using ethanol/water (80:20) at 80
°C. From the results obtained it can be concluded
that fermentation of OP for 48 h using K. marxianus
NRRL Y- 8281 led to a decrease in total phenolic
content from 207.35 mggap/gds to 114.78 mggag/
gds for UFOP and FOP, respectively (representing
44.64% reduction in total phenolic content), along
with a small increase in DPPH radical scavenging
activity from 96.0 to 97.0% for UFOP and FOP,
respectively. The reduction in total phenolic content
of OP by fermentation was also confirmed by Fadel
and El-Ghonemy (2015) who stated a reduction in
OP total phenolic content from 3.1% to 0.92% using
A. oryzae FK-923 for 7 days.

The reduction in total phenolic quantity while
maintaining a nearly constant or slightly elevated
DPPH radical scavenging activity can be attrib-
uted to the altered quality of phenolic compounds
contained in the FOP. This finding confirms that
total phenolic content does not necessarily increase
simultaneously with DPPH scavenging activity as
the later depends mainly on the quality rather than
quantity of the phenolic compounds present in the
extract. In their study, Uribe et al., (2014) found
that the total phenolic content was inversely pro-
portional to the antioxidant activity, suggesting
that a detailed analysis of the quality of polyphe-
nolic compounds present in the sample is a must
to identify the compounds responsible for the high
antioxidant activity in samples. In order to present
a more precise explanation for total phenolic con-
tent-independent increase in the antioxidant activ-
ity of FOP, further investigation and identification
of individual compounds present in both UFOP
and FOP was conducted by GC/MS analysis. The
data obtained from the GC/MS analysis (Table 1)
revealed that the major compounds that could be

TABLE 1.

found in the methanolic extract of UFOP were iden-
tified as oleic acid methyl ester (53.04%), oleic acid
ethyl ester (14.17%) and methyl palmitate (11.03%).

The dominant compound found in UFOP meth-
anolic extract, methyl oleate, was reported to have
antioxidant and anticancer activities (Akpuaka et al.,
2013). It has also been reported to serve as an endog-
enous ligand to peroxisome proliferator-activated
receptors. The peroxisome proliferator- activated
receptors are a group of nuclear receptor proteins
that function as transcription factors regulating the
expression of genes involved in the regulation of
carbohydrate, lipid and protein metabolism, energy
homeostasis, cellular differentiation, tumorigenesis,
lung dlseases obesity, diabetes, neurodegenerative
disorders, fertility and reproduction (Tyagi et al.,
2011). The second dominant compound found in
UFOP methanolic extract, ethyl oleate, is a fatty acid
ester formed by the condensation of oleic acid and
ethanol. It is considered an important compound in
the food industry as a food additive in addition to its
use for drying fruit. In the pharmaceutical industry,
ethyl oleate is used as a solvent for pharmaceutical
drug preparations involving lipophilic substances
such as steroids (Aly et al., 2016). Methyl palmitate
is considered an inhibitor to 5-Alpha reductase, an
enzyme whose inhibitors can be used in benign pros-
tatic hyperplasia and prostate cancer (Hema et al.,
2011; Akpuaka et al., 2013). It is also considered as a
hypocholesterolemic factor and antioxidant (Hema
etal,2011).

The results obtained from the GC/MS analy-
sis of UFOP methanolic extract are in line with
those obtained by other researchers. Ethyl oleate
and methyl oleate were detected in OP by Kuley
et al., (2017). In addition, Schievano et al., (2015)
reported the presence of methyl palmitate in OP. On
the other hand, carvacrol (4.9%), thymol (2.97%),
eugenol (2.87%) and caryophyllene oxide (1.36%)
were detected only in the methanolic extract of
FOP (Table 2). However, oleic acid methyl ester
(47.42%) and oleic acid ethyl ester (11.93%) were
the major components in the extract followed by
methyl- isopalmitate (9.75%). Carvacrol and thymol
are monoterpenoid phenolic compounds produced
naturally by some plants (Ozkan and Erdogan,
2011). Several in vitro and in vivo studies suggest that

Compounds identified from the major retention peaks obtained by GC/MS analysis

of unfermented olive pomace (UFOP) methanolic extract

Compound Synonyms Retention time (minutes)  Molecular weight  Area (%)

Hexadecanoic acid, methyl ester Palmitic acid, methyl ester 25.11 270 11.03
Methyl palmitate

9-Octadecenoic acid, methyl ester Oleic acid, methyl ester 27.13 296 53.04
Methyl oleate

9-Octadecenoic acid, ethyl ester Oleic acid, ethyl ester 27.87 310 14.17

Ethyl oleate
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TABLE 2. Compounds identified from the major retention peaks obtained by GC/MS analysis
of fermented olive pomace (FOP) methanolic extract

Compound Synonyms Retention time (minutes)  Molecular weight  Area (%)
Phenol,2-methyl-5-(1-methyl-ethyl) Carvacrol 16.58 150 4.90
Phenol,5-methyl-2-(1-methyl-ethyl) Thymol 16.70 150 2.97
Phenol,2-methoxy-4-(2-propenyl) Eugenol 17.94 164 2.87
Caryophyllene -oxide - 20.65 220 1.36
Pentadecanoic acid, 14-methyl-, Methyl-isopalmitate 25.08 270 9.75
methyl ester

9-Octadecenoic acid, methyl ester Oleic acid, methyl ester 27.13 296 47.42

Methyl oleate
9-Octadecenoic acid, ethyl ester Oleic acid, ethyl ester 27.88 310 11.93

Ethyl oleate

carvacrol has anti-inflammatory, immunomodula-
tory, antioxidant and anticancer activities. It also
possesses anti- obesity, hepatoprotective, gastro-
protective, neuroprotective (anti-Alzheimer disease)
and platelet antiaggregating activities. Clinically,
thymol is used as antipyretic, antispasmodic, anti-
hyperlipidemic, antihyperglycemic, gastroprotective,
hepatoprotective, antioxidant, analgesic, anesthetic,
antiepileptic and anti-inflammatory (Ozkan and
Erdogan, 2011). Eugenol is an organic phenolic phy-
tochemical. Regarding its minimal toxicity and low
side effects, eugenol is widely applied in the pharma-
ceutical industry, food industry (as flavoring agent),
in cosmetics and in dentistry in addition to being an
antiparasitic and insect repellent (Kong et al., 2014).
Caryophyllene oxide is an oxygenated sesquiterpene
that expresses numerous pharmacological effects
including antimicrobial, immunomodulatory, anti-
rheumatic, anti-arthritic and antipyretic activities. It
is also considered as anti-inflammatory, anti-platelet
aggregation, antioxidant and anticancer agent (Park
et al., 2011). Thymol, carvacrol, eugenol and caryo-
phyllene oxide are classified as aromatic compounds
which are volatile compounds and have odor or
taste. The detection of these aromatic constituents in
the methanolic extract of FOP can be attributed to
their synthesis and excretion by K. marxianus. This
strain has been reported to produce aromatic com-
pounds such as monoterpenes, fruit esters, ketones,
carboxylic acids, furans and alcohols (Wilkowska
et al., 2015). Although several yeast strains have
been reported for the production of aromatic sub-
stances, only those stated as GRAS, such as K
marxianus, can find industrial applications (Fonseca
et al., 2008). These findings open new prospects for
the possibility of utilizing K. marxianus fermented
OP in food, feed and pharmaceutical industries.

As shown in Figure 9, the antiproliferative activ-
ity of UFOP and FOP methanolic extracts was
tested using the SRB assay in MCF-7, HepG2,
A549, Hela, PC3 and HCT116 cancer cell lines as
well as the normal human melanocyte, HFB4. For

comparison, treatment with doxorubicin was used
as a positive control and treatment with DMSO was
used as a negative control. The tumor cells showed
normal growth in the culture system. In addition,
UFOP and FOP exhibited no activity against the
growth of the normal HFB4 cell line. From the
results, it is evident that although UFOP and FOP
methanolic extracts displayed potent antican-
cer activity against HepG2 and MCF-7, they had
moderate activity against PC3 and HCT116 cell
lines. In addition, they did not exert any activity
against lung A549 or Hela cancer cell lines. In the
case of HepG2, UFOP and FOP exerted antipro-
liferative activity with ICs, values of 22.65 + 2.48
and 20.00 £ 2.32 pg/ml near the ICs, of the refer-
ence drug, doxorubicin (ICsy: 20.30 + 2.34 pg/ml).
For MCEF-7, the ICy, was 25.50 + 2.67 and 23.25 *
2.43 ug/ml (doxorubicin I1Cs,: 24.00 = 2.72 pg/ml).
For PC3 the IC5, was 38.00 = 5.06 and 32.90 +
4.62 ng/ml for UFOP and FOP, respectively (doxo-
rubicin 1Csy: 18.47 = 2.00 pg/ml). For HCT116 the
1Cy, was 33.88 £ 3.96 and 32.40 * 4.13 pg/ml for
UFOP and FOP, respectively (doxorubicin ICs:
19.83 £ 2.11 pg/ml). In conclusion, it is clear that,
while the ICs, of both UFOP and FOP was close
to the value of the doxorubicin in the two cell lines
(HepG2 and MCF-7), FOP was more potent than
UFOP in the four cell lines (MCF-7, HepG2, PC3
and HCT116). This enhanced anticancer activity
after fermentation can be attributed to the increased
concentration of accumulated gallic acid (Fathy
et al., 2018) or the production of carvacrol, thy-
mol, eugenol and caryophyllene oxide (Table 2).
Gallic acid was reported to have cytotoxic effects
against prostate cancer-3 (PC-3), HelLa and lung
A549 cancer cell lines (Park and Kim, 2013). Also,
eugenol has antioxidant and anticancer activities
showing chemopreventive properties which are bet-
ter than chemically synthesized anticancer drugs.
It can induce apoptosis in some cancers includ-
ing cervical carcinoma, gastric cancer, melanoma,
prostate cancer, skin tumors, osteosarcoma and
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FIGURE Y. In vitro anticancer activity (ICs,, pg/ml) of unfermented (UFOP) and fermented (FOP)
olive pomace methanolic extracts in different human cell lines.

The experiment was carried out in triplicate. Values are given as mean * standard error of three batches.

a

Independent sample 7-test was used for comparison of means. * is significantly different from doxorubicin treated group (p < 0.05).

leukemia (Kong et al., 2014). Moreover, caryophyl-
lene oxide was reported as a potent antioxidant and
anticancer which presents cytotoxic activity against
HepG?2 and HeLa cancer cell lines (Jun ez al., 2011).
Caryophyllene oxide has also been reported to have
anticancer activity against prostate and breast can-
cers (Park et al., 2011).

4. CONCLUSIONS

The SSF of OP by K. marxianus is a new eco-
friendly valorization technique that enables the
production of valuable bioactive compounds with
promising antioxidant and anticancer activities.
This is the first report concerning the effects of FOP
extract against different cancer cell lines. However,
few reports have been conducted concerning the
anticancer activity of UFOP extracts against differ-
ent cell lines which show potent anticancer activity
against P815 mastocytoma murine, HepG2 human
hepatoma and MDA-MB-231 breast cancer cell
lines. Regarding its high poly phenolic content, OP
can be considered as a cheap and renewable source
of pharmaceutical compounds rather than an envi-
ronmentally polluting agro-industrial waste.
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