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Abstract Cooking process is one of the most energy and time
consuming steps in the edible oil extraction factories. The
main goal of this study was cottonseed oil extraction by
microwave radiation and elimination of any heat treatment
of cottonseeds before extraction. The effect of cooking pro-
cess on the physicochemical properties of extracted oil from
two varieties of cottonseed (Pak and Sahel) was evaluated by
free fatty acid content, melting point, smoke point and refrac-
tive index. Our results didn’t show any significant differences
between cooked and uncooked samples (P>0.05) regarding
physicochemical characteristics. From GC analysis of
extracted oils, it was found there is no significant difference
in fatty acid composition of cooked, uncooked and control
(conventional extraction) samples. The thermal stability
(Rancimat) analysis of oil samples showed the cooking pro-
cess could cause a slight increase in the stability of oils for
both varieties (about 40 min). The cooking process also in-
creased total extracted phenolic compounds and considerably
decreased total gossypol content of the cottonseed oil; but the
extraction efficiency didn’t change considerably after elimi-
nation of the cooking process. It can be concluded that micro-
wave rays can destroy the structure of oil cells during process
and facilitate the oil extraction without any heat treatment
before extraction.
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Introduction

The cooking process is one of the most energy and time
consuming steps in the edible oil extraction factories. This
process is performed after flaking of oilseeds and just before
the extraction. The purpose of heat treatment of oilseeds
before extraction is denaturizing oil cell’s proteins in order
to facilitate extraction of oil within cells. It also helps coales-
cence of oil into droplets which otherwise would be present as
emulsions. Cooking tends to reduce the extraction of impuri-
ties into the crude oil and therefore, can influence oil loss
during refining and in cottonseed processing, it helps to bind
gossypol, which lowers the compound’s uptake into the crude
oil thereby, reducing problems and costs associated with oil
refining and bleaching (Shahidi 2005; Akoh and Min 2008).
Microwave-assisted extraction (MAE) is a novel technol-
ogy which has been studied extensively in recent years mainly
in order to reduce the extraction time and solvent consumption
(Camel 2000; Amarni and Kadi 2010). Microwave energy is a
non-ionizing radiation by a frequency between 300 MHz and
300,000 MHz that causes dielectric heating due to molecular
motion by migration of ions and rotation of dipoles (Camel
2000). The efficiency of the MAE process depends on the
time and temperature of extraction, sample ratio and nature of
both the solvent and the solid matrix (Terigar et al. 2010). It
has been reported that microwave rays destroy the biological
cell structure at the plant tissues like oil seeds (Chemat et al.
2005; Jun and Chun 1998). Microwave treatment of oilseeds
during solvent extraction, leads to the protein denaturation of
cells resulting in improved extraction. Azadmard et al. (2010)
studied the effect of microwave pretreatment of rapeseeds on
cold press extraction efficiency to investigate the possibility of
enhancing oil extraction yield. They concluded that micro-
wave pretreatment of rapeseed can increase the oil extraction
yield by 10 %. In another study, Amami and Kadi (2010)
extracted oil from olive cake by microwave technology using
hexane as solvent. It has been concluded that MAE of oil from
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olive cake gives better yields within shorter times and con-
sumes less solvent.

The other advantage of MAE could be higher extraction of
polyphenols which play an important role in preventing the
oxidation of the edible oils during storage and use. For exam-
ple, Azadmard et al. (2010) found that microwave pretreat-
ment of rapeseed can increase the oil phytosterols (by 15 %)
and tocopherols (by 55 %) and as a result, the oxidative
stability of rapeseed oil (analyzed by Rancimat) was increased
from 1 h (which was for untreated rapeseed) to 8 h after MAE.

Gossypol (1,1',6,6',7,7"-hexahydroxy-5,5'-diisopropyl-
3,3'-dimethyl-[2,2']-binaphthalenyl-[8,8']-dicarbaldehyde) is
a phenolic compound with antifertility and antioxidant effects
that exists in crude cottonseed oil. Natural antioxidants like
gossypol due to their phenolic structure are more exposed to
microwave. This is because of the polarity of phenolic com-
pounds. The more polarity a compound has, the more it moves
during microwave radiation. This leads to a better extraction
of such compounds (Camel 2000). Many researchers have
been made applying microwave radiation in order to extract
phenolic compounds such as isoflavones (Terigar et al. 2010),
polycyclic aromatic hydrocarbons (Camel 2000), carvone and
limonene (Chemat et al. 2005), gallic acid, vannilic acid,
catechin, p-coumaric acid, ferulic acid and may others pheno-
lic compounds (Proestos and Komaitis 2008), pigments (Jun
and Chun 1998), tea polyphenols and caffeine (Pan et al.
2003), tocopherols and tocotrienol (Zigoneanu et al. 2008)
and many others from various plant resources. Most of them
concluded that MAE decreased the extraction time, solvent
usage and increased the amount of extracted phenolic com-
pounds. Therefore, microwave-assisted extracted oil could be
rich in natural phenolic compounds with an improved shelf
life.

The cottonseed oil which has around 30 % of saturated
fatty acids (palmitic and stearic acid), has a suitable stability
against oxidation and is mainly consumed in frying oils for-
mulations (Shahidi 2005), hence it is subjected to high tem-
peratures and moisture levels (which is occurring during fry-
ing process). The presence of food moisture, atmospheric
oxygen and high temperatures could cause various chemical
changes and loss of antioxidants such as steam distillation of
antioxidants, oxidation of phenolic compounds, and reduction
of their pro-oxidative activity due to reaction with fried mate-
rials and polymerisation (Pokorny et al. 2000). Synthetic
antioxidants such as BHA and BHT are more susceptible to
steam distillation (Warner et al. 1986). Losses of natural
antioxidants could be comparatively small, since their volatil-
ity is much lower than that of common synthetic antioxidants
(Pokorny et al. 2000; Taghvaei and Jafari 2013).

The two main objectives of this study were: a) elimination
of the cooking process from the process of cottonseed oil
extraction with the help of microwave treatment. b)
Comparison of physical and chemical properties and the

oxidative stability of the resulted oil with or without cooking
process.

Materials and methods
Sample

Two varieties of cottonseed (Pak and Sahel) were obtained
from Cotton Research Institute of Iran (crop year 2011). The
Sahel is the most cultivated cotton plant variety in Iran and
Pak is a variety of cotton which has trace amounts of gossypol
and it has been selected in order to eliminate the effect of
gossypol on stability and total phenolic content of the final oil.

Cottonseed powder preparation was carried out according
to Bhattacharjee et al. (2007) with a little modification.
Briefly, the seeds got delinted and decorticated and the whole
kernels were then removed from the hulls by screening and
were ground with a laboratory mill (Sunny, SFP-820) and
sieved through a 30-60 mesh (clear openings 0.6—-0.25 mm).

Solvents and chemicals were obtained from Merck
(Darmstadt, Germany). Gallic acid, gossypol standards and
Folin-Ciocalteu reagent were purchased from Sigma—Aldrich
Co. (St. Louis, MO, USA).

The cooking process

The cottonseed powder was placed as a uniform layer on an
aluminum tray with 5 mm diameter. The cooking process was
consisted of two steps of wet and dry cooking. The wet
cooking was carried out by placing the aluminum trays in an
autoclave (Zirbus, LTA400, Germany) at 121 °C for 30 min.
After that, dry cooking process was performed by an oven
(Memmert, ULM 400, Germany) at 110 °C for 1 h. The initial
moisture content of cottonseed powder was 7 % (dry basis)
which reached to 14 % after wet cooking and adjusted to 6 %
after dry cooking.

Microwave assisted extraction

A modified microwave oven (Samsung, model: CF3110N-5,
Korea) was used for oil extraction based on the work of Rafiee
etal. (2011, 2012). The modified MAE system consisted of a
volumetric flask (500 ml) coupled with a condenser at the top
and a magnetic stirrer beneath as illustrated in Fig. 1. The
microwave output was 900 W with 2,450 MHz frequency and
its inner cavity dimensions were 400 mmx 300 mm 250 mm.
For each extraction, 100 g cottonseed powder (6 % moisture
content, dry basis), 200 ml of solvent (n-hexane) and a magnet
were placed in the microwave oven. After 2 min of radiation
and simultaneous magnetic stirring, the extraction process was
stopped. Then, the cottonseed meal removed from miscella by
means of filtration followed by centrifugation (30,000 rpm,
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Fig. 1 Schematic diagram of microwave assisted solvent extraction

5 min). Also, the solvent removed under reduced pressure at
50 °C by a rotary evaporator (IKA RV 10 basic, Japan).

Conventional extraction

In most cottonseed oil extraction factories, the cooking pro-
cess consists of a 30 min wet cooking by steam followed by
1 h dry cooking at 110 °C. Regarding the oil extraction, the
extraction time, temperature and the amount of solvent usage
is highly dependent on the type of extractor and extraction
procedure (Shahidi 2005). Generally, extraction parameters
were chosen in such a manner that be close to conventional
batch solvent extraction in industry. After performing the
cooking process (as it has been explained in The Cooking
Process), the control (blank) oil was extracted by soaking of
100 g cottonseed powder in 200 ml of n-hexane at 50 °C for
30 min without any microwave treatment for comparison.

Total oil extraction

The total oil content of cottonseeds was determined by
Soxhlet apparatus for 16 h using n-hexane (Whitaker 2003).
This was done only for determination of total oil content of
cottonseeds.

Oil physicochemical properties

In order to compare the effect of microwave and cooking
process on physicochemical properties of final oils, the fol-
lowing experiments were carried out: Free fatty acid content
(AOCS Ca 5a-40), melting point (AOCS Cc 3-25), smoke
point (AOCS Cc 9a-48), refractive index (AOCS Cc 7-25)
and the moisture content of cottonseed powder (AOCS Aa 3—
38) (AOCS 2007). The color was evaluated by transferring
cottonseed oil samples into a micro-plate cell (4 mm diameter)
and analyzing using a Lovibond Tintometer model cam-system
500 in the L, a, b, mode of CIE (L, a, b, indicate lightness,
redness/greenness, and yellowness/blueness, respectively).

@ Springer

Oil oxidative stability

For the determination of oil stability, the oxidative stability
index was analyzed by Rancimat (Metrohm, 743,
Switzerland) apparatus according to AOCS Cd 12b-92 meth-
od (AOCS 2007). The induction period was evaluated until
the end stability point of oil samples at the temperature of
110 °C. The phenolic compounds of oils were extracted by
methanol-water as described by Bail et al. (2008) and total
phenolic content was evaluated according to Folin-Ciocalteu
method (Whitaker 2003).

Gossypol analysis

Total gossypol content of cottonseed oil was analyzed spec-
trophotometrically (by spectrophotometer WPA, S2000, UK)
according to AOCS Ca 13-56 (AOCS 2007).

GC analysis

Preparation of methyl esters of fatty acids for GC analysis was
performed by AOCS Ce 2-66 and GC analysis was carried
out by AOCS Ce 1-62 (AOCS 2007). A fused-silica capillary
column with inner dimension of 0.25 mm, outer dimension of
0.39 mm and film thickness of 0.2 wm was connected to a
Chrompack CP 3800 gas chromatograph (Middleburg, The
Netherlands) equipped with a FID detector. GC conditions
were: injector temperature 250 °C, detector temperature
270 °C, column temperature 130 °C and nitrogen as the carrier
gas with a flow rate of 25 ml/min.

Statistical analysis

The statistical analyses were carried out by Minitab 16 (Mini-
tab, Inc., State College, PA, USA) using full factorial design
with two independent factors of variety (Pak and Sahel) and
cooking (blank, cooked and uncooked). All experiments were
performed in triplicate and the mean values were reported. All
graphs were drawn by Microsoft Excel (2010).

Results and discussion
The oil extraction efficiency

Firstly, we were looking for the effect of cooking process on
the cottonseed oil yield from microwave-assisted extraction
samples compared with conventionally extracted blank oil
(through soaking). The total amount of extracted oil by
soxhlet apparatus was 34.8 % and 38.7 % for Pak and Sahel
cottonseed varieties, respectively. Our data revealed that there
was no significant difference (P>0.05) between conventional
extraction oil yield (30 min soaking) and MAE oil yield which
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was only a 2 min process (Fig. 2). This proved that we can
highly reduce the extraction time by applying MAE. As it is
shown in Fig. 2, the cooking process had no significant
influence (P>0.05) on microwave-assisted extraction efficien-
cy which could have a potential benefit for the industry. It
could be explained by the fact that the main goal of
implementing cooking process is coagulation of cellular pro-
teins, aggregation and coalescence of internal oil droplets and
destruction of cellular walls. The microwave radiation could
be capable of inducing similar effects as cooking process, so
there is no need to the cooking process. In other words, by
elimination of the cooking process through MAE, there would
be a decrease in the energy usage and the process time,
making it economically profitable for the edible oil industries.

Gossypol and phenolic content

The analysis of total gossypol content of cottonseed oil re-
vealed that the cooking process had a significant influence
(P<0.05) on gossypol extraction. Total gossypol in the oil
extracted from Sahel cottonseed variety by MAE (without
cooking) was 131 ppm, while it was dramatically decreased
to 17 ppm after precooking the same variety before MAE. The
amount of gossypol in Pak cottonseed oil was inconsiderable
(Fig. 3). Heat treatments such as cooking could cause gossy-
pol to react with cell proteins and remain bounded in cotton-
seed meal (Shahidi 2005; Bhattacharjee et al. 2007). Also, we
found that total gossypol content of the oil samples obtained
from MAE was significantly (P<0.05) higher than control
sample (conventionally extracted one). This could be because
of'the higher influence of microwave on polar compounds like
gossypol (Camel 2000).

The results of total phenolics analysis have been showed in
Fig. 4. It was revealed that phenolic compounds like gossypol
can be extracted easier through MAE than conventional
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Fig. 2 The effect of cooking process on the oil extraction efficiency.
Similar superscripts on a parameter indicate no significant difference
(P>0.05)
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Fig. 3 Total gossypol content of the conventionally extracted oil (CEO)
and MAE oil from two varieties of cottonseed. Similar superscripts on a
parameter indicate no significant difference (P>0.05)

extraction. Our results are in agreement with previously pub-
lished results (Camel 2000; Terigar et al. 2010; Zigoneanu
et al. 2008; Rafiee et al. 2011; Rafiece et al. 2012) indicating
that MAE decreased the extraction time, solvent usage and
increased the amount of extracted phenolic compounds.

Oil stability

The stability analysis of extracted oil samples are shown in
Fig. 5 and results of ANOVA are presented in Table 1. In an
overall view, the stability of Sahel oil in Rancimat test was
higher (about 1 to 2 h) than Pak samples. The reason could be
attributed to the total phenolic content of final oils. As it has
been illustrated in Fig. 4, total phenolic content of Sahel
variety was higher than Pak variety. Antioxidants which en-
hance the thermal stability of oils are phenolic compounds.
Higher the phenolic content, higher the thermal stability of
extracted oil. These results agree with data obtained by
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Fig. 4 Total phenolic content of conventionally extracted oil (CEO) and
MAE oil from two varieties of cottonseed samples. Similar superscripts
on a parameter indicate no significant difference (P>0.05)
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Fig.5 Thermal stability of conventionally extracted oil (CEO) and MAE
oil from two varieties of cottonseed samples evaluated by Rancimat.
Different superscripts on parameters indicate significant difference
(P<0.05)

MAE by cooking

Azadmard et al. (2010) which examined the effect of micro-
wave pretreatment on oxidative stability and nutraceuticals
content of rapeseed oil. They concluded that higher stability
of extracted oils through MAE may arise from their high
natural phenolic antioxidant content such as tocopherols.
There was a small significant difference among cooked,
uncooked and blank samples of both varieties which couldn’t
be explained by total phenolic content. The cooking process
caused a slight increase in the stability of MAE oils for both
varieties (about 40 min). The stability of blank samples which
also were cooked before extraction was similarly higher than
uncooked samples. According to Shahidi (2005), the cooking
process decreases the amount of impurities in extracted oil.
The slightly lower stability of uncooked samples could be
related to their higher impurities like metal ions which act as
prooxidant.

Azadmard et al. (2010) implied that 2 min pretreatment
with microwave caused 2.5 h increase in the Rancimat stabil-
ity test of extracted oil by solvent which regarding Pak variety,
it wasn’t concurred with our results and in Sahel variety, the
increasing in Rancimat stability wasn’t that much (about
30 min). This could be due to repelling effect of solvent. N-
hexane is a non-polar solvent which reflects a great portion of
radiated microwave. In our study, microwave treatment was
applied during extraction by solvent, whereas it was radiated

directly on seeds as a pretreatment by Azadmard et al. (2010).
It could cause a higher effect of microwave on seeds.

On the other hand, Jittrepotch et al. (2010) implied that
increasing in microwave radiation time from 0 to 6 min causes
an enhancement of oxidation for peanut oil samples. The
reason can be related with the long duration of radiation which
probably have adverse effects on final oil when the oilseed is
processed with microwave directly (without solvent).
According to Jittrepotch et al. (2010), under 3.5 min of radi-
ation, the oxidation didn’t increase significantly whereas in
this study, 2 min of microwave radiation has been applied.

Physicochemical properties

As it has been shown in Table 2, there is no significant
difference (P>0.05) between free fatty acid content, melting
point, smoke point, refractive index and color of cooked and
uncooked MAE oil samples. The differences were mostly
between two varieties which could be due to the differences
in oil structures since the cultivation year, storage conditions
and extraction parameters such as moisture content, tempera-
ture, etc. was the same for both varieties. The physicochemical
properties of oils and fats are mostly dependent on their fatty
acid and triglyceride composition (Gunstone 2011). In our
study, the fatty acid composition was significantly (P>0.05)
different between two varieties (Table 2).

The smoke point of MAE samples was significantly
higher (P>0.05) than blank samples for both varieties.
Cottonseed oil’s smoke points, like other fats and oils,
are almost entirely dependent on the free fatty acid
content (Shahidi 2005). Since there wasn’t any signifi-
cant difference between the free fatty acid content of all
oil samples, the reason could attributed to the higher
natural phenolic antioxidants of MAE oils. According to
Yen et al. (1997), both natural phenolics and synthetic
antioxidants like TBHQ, BHA and BHT could decrease
several degrees the smoke point of soybean oil.

There was also a significant difference between the melting
point of MAE oils and blank sample in Sahel variety. The
melting points of oils and fats are dependent not only on the
structures and position of the fatty acids and triglycerides, but
also on presence of some unsaponifiable compounds such as
phospholipids and waxes (Shahidi 2005). In Sahel variety, the
higher melting point of MAE oils could be the result of higher

Table 1 Summary of ANOVA

model statistics for Rancimat Source d.f. Sum of squares ~ Mean squares  F-ratio p-Value
experiments
Variety (Pak and Sahel) 9.3312 9.3312 47340  0.000
Cooking (cooked, uncooked and blank) 2 2.8412 1.4206 72.07 0.000
Variety*Cooking 2 0.6480 0.3240 1644  0.000
Error 12 0.2365 0.0197
Total 17 13.0570
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Table 2 The effect of cooking process on physicochemical properties of cottonseed oil extracted by conventional soaking (blank) and MAE (uncooked

and cooked)

Blank Uncooked Cooked

Sahel Pak Sahel Pak Sahel Pak
FFA (%)" 0.8+0.07° 0.8+0.04° 0.9+0.07° 0.9+0.1* 0.8+0.05° 0.7+0.08"
Melting p. (°C)" 9+0.7° 10+1.4° 16+0.9° 11+1° 16+0.8° 11+1.2°
Smoke p. (°C)" 141+2.14 177+1.9° 159+1.6° 196+2.2° 160+2.3¢ 195+1.9°
Refractive index” 1.4688+0.002° 1.4684+0.002° 1.4712+0.003* 1.4690+0.002* 1.4690+0.002° 1.4687+0.003%
Color” L:23.9+1.3° L:31.4+0.9° L:24.7+1.1° L:31.4+1.2° L:25.1+1.3° L:31.8+1.1°

a: 9+0.3° a:6.7+0.9¢ a: 12.240.5° a:5.9+0.8¢ a:9.8+0.4° a:5.9+0.6¢
b: —0.4+1.6° b: —1.2+1.5% b: 0.4+1.6 b: —12+1.2% b: 1.2+1.4° b: —2.7+14°

* Average of three replicates

extraction of phospholipids and waxes (which have a consid-
erable high melting point) through MAE.

The color of oil is also one of the important physical
properties which influence the acceptance of final product. A

[73%1)

significant difference was observed between the factor “a
(redness/greenness) of Sahel samples, where as it was not
the same for Pak variety (Table 2). Generally, the color of oil
from Sahel variety was more reddish than Pak which is
probably because of the much higher gossypol content of
Sahel. Gossypol is a red pigment which is responsible for
crude cottonseed oil’s dark reddish-brown color (Shahidi
2005). Comparison of gossypol content of Sahel oil samples
(Fig. 3) and “a” factor revealed that higher the gossypol
content, higher the “a” factor. There wasn’t any significant
difference in lightness (L factor) and the “b” factor of cooked,

mVolts

Fig. 6 GC analysis of fatty acid
composition of cotton seed oil
using fused-silica capillary
column with inner dimension of
0.25 mm, outer dimension of
0.39 mm and film thickness of 200
0.2 um connected with a FID

detector. GC conditions were:

injector temperature 250 °C,

detector temperature 270 °C, 150
column temperature 130 °C and
nitrogen as the carrier gas with a
flow rate of 25 ml/min. There was
no significant difference
(P>0.05) between control,
cooked and uncooked MAE oil
samples in terms of fatty acid
composition
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uncooked and blank samples. Based on these results and no
significant difference in “a” factor of Pak variety samples, it
could be concluded that MAE and cooking process had no
effect on the color of Pak variety samples and it could change
the color of Sahel oil by influencing the gossypol content.

The results for refractive index showed that cooking pro-
cess had no significant effect (P>0.05) on triglyceride struc-
ture of MAE cottonseed oil.

GC analysis for fatty acid composition

The fatty acid composition of cottonseed oil samples are given
in Fig. 6. The main fatty acids were as palmitic acid (23 % for
Pak and 24.2 % for Sahel variety), stearic acid (2.7 % for Pak
and 2.9 % for Sahel variety), oleic acid (17 % for Pak and

Palmitic acid
Linoleic acid

Oleic acid

-
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15.1 % for Sahel variety), and linoleic acid (55 % for Pak and
55.8 % for Sahel variety).

We found that there was no significant difference (P>0.05)
between control, cooked and uncooked MAE oil samples in
terms of fatty acid composition. In other words, GC results
showed that cooking process and microwave radiation had no
influence on fatty acid composition of cottonseed oil samples
which could prove the MAE process as efficient as conven-
tional extraction process and the edible oil industry can apply
it efficiently without any problems. The GC analysis results
concurred with the study of Azadmard et al. (2010) which also
analyzed the effect of microwave on fatty acid composition of
rapeseed oil and indicated that 2 and 4 min of microwave
pretreatment before extraction had no significant effect
(»p>0.05) on rapeseed fatty acid composition.

Conclusion

The results of this study confirmed that through microwave-
assisted extraction of edible oils from cottonseed, there is no
need to apply heat treatment (cooking process) in order to
destruct oil cells and coagulate proteins. We found that the oil
yield of'a 30 min conventional extraction was equal to a 2 min
MAE with or without cooking of the cottonseeds. The GC
analysis and physicochemical properties of cottonseed oil
samples revealed that elimination of cooking process causes
no significant changes in fatty acid and triglyceride composi-
tion of final oil. On the other hand, it was observed that the
cooking process slightly increased the stability of cotton seed
oil which was consisted with a considerable reduction of total
gossypol content. Further studies need to be carried out in
order to assess the quality of resulting cottonseed meal after
MAE without cooking process.
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