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ABSTRACT

The aim of this work is to investigate the effect of frying conditions on
acrylamide formation in some popular Egyptian fried- foods. Prepared potato chips
and bean balls (falafel) were obtained from three different restaurants in Kafrelsheikh
City. After preparing falafel balls and potato slices, they were fried under laboratory
conditions using palm oi! or blend of cottonseed and sunflower oils (1:1). The obtained
results revealed that frying conditions especially; reusing of oil lowered the quality of
physical and chemical properties of restaurant oils. The deterioration of oil had a great
effect on acrylamide formation, where the samples fried in restaurants had
significantly higher acrylamide levels than those of samples fried in laboratory. Also,
potato chips had acrylamide content higher than that of falafel either in restaurants or
in laboratory. Reducing sugars and asparagine contents of samples before frying
played an important role in acrylamide formation. The highest level was found in
samples contained the highest reducing sugars; followed by those contained the
moderate level of reducing sugars and the highest level of asparagine. But the lowest
acrylamide content was found in samples contained the moderate level of reducing
sugars and the lowest content of asparagine. Samples fried using palm oil in lab had
acrylamide content lower than those fried using mixed oil from cottonseed and
sunflower. Sensory characteristics could not be used as an indicator for acrylamide
content, where. potato chips or falafel with similar sensory characteristics had
different acrylamide concentrations. The results of the present study suggest that
acrylamide formation depended strongly on frying conditions (especially reusing of oil)
and chemical composition of samples (especially reducing sugars and asparagine
content). From these results, it can be recommended that frying using fresh oil at low
temperature for a short time (as possible as) and lowering reducing sugars and
asparagine of samples are important to reduce the acrylamide formation in fried
foods.

Keywords: Acrylamide, potato chips, falafel, frying, cottonseed oil, palm oil, sunflower
oil.

INTRODUCTION

Acrylamide is a low molecular weight vinylic compound. This colorless
and odorless crystalline substance is highly water soluble, easily reactive in
air and rapidly polymerizable, i.e. single molecules of acrylamide (monomers)
can bind together and form a larger molecuie (polymer) with new properties
(Besaratinia and Pfeifer, 2007). It was first reported in cooked foods in 2002
(Tareke et al., 2002).

Acrylamide is known to be carcinogenic to laboratory rodents and has
been classified as a probable human carcinogen and neurotoxin according to
the IARC (1894). Acrylamide is a potential health hazardous compound,
occurring during preparation and/or processing of foods, although studies to
date have not demonstrated carcinogenicity in humans. It is also a known
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neurotoxin. The toxicological studies on acrylamide revealed that, it causes
DNA damage and at high doses, neurological and reproductive effects have
been observed. The no observed effect level for acrylamide was reported to
be up to 2 mg/kg rat body weight per day (FAO/WHO, 2002). Allan, (2002)
reported that acrylamide is considered to be genotoxic in-vivo and
carcinogenic in experimental animals. The acute oral LDg, for acrylamide in
rats is 107-203 mg/kg body weight (Lindsay, 2002).

The Maillard reaction has been shown to generate acrylamide (Mottram
et al, 2002, Stadler et al, 2002), it is generally agreed that the main
precursors are sugars and the amino acid asparagine (Amrein et al., 2003)
and it is favored by conditions of high temperature and low moisture content
(Taeymans et al., 2004). Potatoes contain relatively high amounts of sugars
(glucose, fructose and sucrose) and asparagine. These components are
varied with potato variety and storage conditions (Olsson et al, 2004,
Wicklund et al., 20086).

Acrylamide was shown to be present in a wide range, from low leveis in
bread and meat products, to much higher levels in potato chips. Even this
preliminary study showed that temperature and moisture content were key
factors in the levels of acrylamide formation (Burch, 2007). The excessive
use of frying oil in food preparation caused significant increases in acrylamide
content, especially in falafel (Al-Dmoor et al., 2004).

Acrylamide has been found mainly in carbohydrate-rich foods. Surveys
of commercially available foods showed that levels could vary widely from
manufacturer to manufacturer, and that in general the highest levels were
found in potato crisps and chips (Becalski et al, 2003, Yusa et al., 2006).
Chemical analysis has shown that acrylamide is presented in a large number
of foods and its level differ widely within each food group analyzed, despite it
has so far not been detected in raw foods. For example, raw potato has
negligible levels of acrylamide (< 0.030 mg/kg of potato) but, if you make
potato chips, the level of acrylamide can skyrocket.to 1.2 mg/kg (Swedish
National Food Administration, 2002). Acrylamide does not only form in
industrially manufactured foods, but also foods prepared at home are
concerned (Glese 2002). Mottram et al,, (2002) found that the acrylamide
formed in significant quantities when the food was heated at about 180°C.
Potatoes contain high levels of amino acid asparagine and starch, this may
explain why they have the highest acrylamide leveis when compared to other
chips such as corn (Stadler et al., 2002).

The formation of acrylamide in fried foods was found to depend on the
composition of raw materials and frying conditions. In potato chips,
acrylamide was rapidiy formed at over 160 °C, the amount proportional to the
heating duration and temperature (Kim et al., 2005).

in Egypt, considerable amounts of fried traditional foodstuffs such as
potato chips and falafel, which are expected to contain acrylamide are
consumed. The objectives of this study were to investigate the acrylamide
formation in potato chips and falafel processed either in home or in
restaurants as well as to compare the effect of different processing factors on
acrylamide formation. '
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MATERIALS AND METHODS

Materials:

Fried and paste falafel (bean balls) and potato chips were collected
from three common restaurants at Kafrelsheikh City. Also, palm oil used in
frying process was collected from the same restaurants. Potato tubers,
diamond variety and mixed of cottonseed and sunflower oils (1:1) were
purchased from the local market, Kafrelsheikh City, Egypt.

Methods:
Preparation of food samples in laboratory:
Potato chips:

Potato tubers were washed and hand peeled, then sliced using slicer
machine at 2.0 mm thickness and 6.0 cm diameter. Potato slices were
washed again with water. Frying process was performed at two net cages;
each containing 10 — 12 chips using tested oils at 180 + 5 C° for 6-7 min.
Falafel (beans balls):

Falafel paste, previously prepared at restaurant was formed to small
balls. Frying was performed using two net cages; each containing 10 — 12
balls using tested oils at 180 + 5 C° for 4-5 min. All samples were divided to
two parts, the first one was dlrectly asked for sensory evaluation and the
second was kept in polyethylene bags in freezer( 18°C) until further analysis.
Analysis:

Chemical composition:

- Gross chemical composition of fried samples was studied. Moisture,
crude protein, ether extract, ash and crude fibers were determined according
to the methods described in A. O. A. C. (2000)

, Total carbohydrates were determined by phenol- sulphuric acid
accordlng to the method outlined by Dubois ef al. (1956). The availabie
carbohydrates were calculated by subtracting the percentage of crude fibers
from the percentage of total carbohydrates content.

Physical and chemical properties of the used oils:

Specific gravity and refractive index were determined according to
the methods of A. O. A. C. (2000). Color was measured using Lovebond
Tintometer Model F serial number F 791, Wills, England (Alex. Co. for Oils
and Soaps at Kafrelsheikh City) according to the method described by A. O.
C.S. (1981).

Acid and saponification values of oils were determined according to
the A. O. A. C. (2000) method. Peroxide and iodine values were tested using
the method outlined by Leonard ef al. (1987).

Reducing sugars determination:

Dinitrosalycilic acid reagent (DNS) was used to determine the
concentration of reducing sugars in the potato and falafel paste samples
before frying (Miller, 1959). The absorbance of samples was recorded with a
spectrophotometer (Model JENWAY 6100, U.K.) at 575 nm.

Asparagine (Asn) determination:

Asparagine was determined by a High Performance Liquid
Chromatography analysis ((Shinadzu HPLC) according to the method
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described by Tcherkas et al. (2001) and Paramas et al. (2006) in the National
Research Center, Giza, Egypt.
Acrylamide determination:

Preparation of samples and extraction of acrylamide were performed
in laboratory and determination was determined using HPLC in the National
Research Center, Giza, Egypt.

Extraction:

Fifteen grams of samples (potato chips or falafel) were crushed in a
Warring Blender. Five grams of the crushed sample were mixed with 50 mi of
distilled water. After shakmg at 100rpm for 30 min, the sample was
centrifuged at 9000 rpm at 4°C for 30 min. The supernatant was transferred
into a 100 ml separating funnel and aliowed to stand for 20 min to allow the
aqueous and lipid layer to separate. The aqueous layer was removed and
used for determination of acrylamide (Vattem and Shetty, 2003).

HPLC conditions:

High Performance Liquid Chromatography (HPLC) with
spectrophotometric detector {Shinadzu HPLC) was used for quantitative
determination of acrylamide levels in the experimental foods under the
following conditions: Column flow rate: 1 mi/min. Wavelength: 230 nm.
Column temp: 25 °C. Iso cartic elution.

Sensory analysis:

Organoleptic evaluation of fried samples was performed by a semi-
trained pane! of judges using ten-point hedonic-scale ratings fcr color, taste,
odor, texture and overall acceptability with 10 being the highest score,
extremely liked, and 1 bemg the lowest score; extremely disliked, (Watts et
al., 1989).

Statistical analysis

The obtained data were statistically analyzed using General Linear
Modeis Procedure Adapted by Statistical Package for the Social Sc:en(,es
(SPSS, 1997).

RESULTS3 AND DISCUSSION

Chemical composition of potato chips: :

The results in Table (1) show the chemical composition of potato
chips fried either in restaurants or in laboratory {lab). The data cleared that no
significant differences were found in protein contents among all samples.
Ether extract of samples fried in lab either in palm oil or in mixed oil was
approximately similar; both of them contained the lowest value. For the
samples fried in restaurants, the samples fried in R2 had significantly the
highest ether extract content. Samples fried in R1 had ether extract similar to
that of R3; both of them had the second order. The differences between the
chips samples in ether extract content may be due to the differences of frying
conditions or freatments after frying process. These results are similar with
those reported by Kita {2002), who found that oil contents of some potato
crisps varieties ranged between 35.77 to 39.44%. The results in the same
table indicate that no significant differences in ash and crude fiber contents
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were found among samples either in fab or restaurants. Total and available
carbohydrates of samples fried in lab were the highest followed by R1 and R3
which had no significant differences between both of them. While, the
samples fried in R2 were the lowest.

Table (1): Chemical composition of potato chips fried in laboratory and
restaurants (% on dry weight basis).

Samples laboratory Restaurants

Constituents Paimoil | 'C+S R1 R2 R3
-Moisture 23.21b |2499a|2250¢21.52d[{2239¢c
-Dry matter 76.79¢ |75.01d|77.50b|{7848a{7761b
-Crude protein 6.67ns | 6.63 6.58 6.43 6.47
-Ether extract 39.33¢ {39.20¢c4080b|43.50a{4040b
~Ash 340ns | 352 3.36 3.21 3.54
-Total carbohydrates 5123a {5142a150.12b|4746¢c|50.11b

Available carbohydrates| 48.07a [48.30a(47.05b |44 11¢c {4686 b

Crude fibers 3.16ns | 3.12 3.07 3.35 3.25

Values are means of three replicates. Values having the same letter(s) within a row are not
significantly different (P > 0.05). C+S = chips fried using mixed oil (cotton seed:
sunflower, 1:1) in lab, R1, R2, R3 are chips from different restaurants.

Chemical composition of falafel:

The results in Table (2) show the chemical composition of falafel
fried in laboratory or in restaurants. It should be noted that protein content
was not- differed significantly among samples obtained from the same
restaurants either fried in laboratory or in restaurant. There are significant
differences among the protein content of samples obtained from different
restaurants either fried in laboratory or in restaurant. This may be due to the
difference in mixture content of falafel paste. Ether extract of samples fried in
Lab using palm oil was somewhat higher than those of samples fried using
mixed oil. Ether extract of samples fried in restaurants was higher than those
fried in lab. This may be related to the frying conditions and/or treatments
after frying. Ash contents of samples fried in R2 were significantly the highest
either fried in lab or in restaurant.

No significant difference was found between the samples from R1
and R3; both of them were come in the second order. As for available
carbohydrates, the results referred that samples from R2 had significantly the
highest foliowed by samples from R1, then from R3. This may be related to
that some restaurants add bread to the paste mixiure instead of bean led to
reduce the price cost This may explain why the samples contained high
protein content had low carbchydrates content.

Crude fibers content of sampies obtained from R2 was slightly higher
than that of samples obtained from other restaurants which had similar crude
fibers content. From the same results in Table (2), it could be observed that
with exception ether extract, the type of oil had no clear effect on chemical
composition of falafel.
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Table (2): Chemical cbmposition of falafel fried in laboratory and
restaurants (% on dry weight basis).

Samples| Laboratory Restaurants
R1 R2 R3
R1 R2 R3
Constituents P C+S P C+S P C+S
-Moisture 35.65b36.35a(34.32¢{34.81¢[32.14e|33.21d|35.15b|34.38¢|{32.29¢

FDry matter 64.35d(63.65e|65.68¢[65.19¢c|67.86a|66.79b|64.85d (65.62¢|67.71a
Crude protein |15.45b15.43b|13.27¢(13.25¢|16.13a}16.23a|15.56b|13.30c({16.43a
~Ether extract 37.12¢!36.23d|38.10b|37.52¢{39.33a(38.51b}38.15b37.86¢[39.91a
+FAsh 5.33b}5.35b | 5.68a | 5.73a | 5.25b | 5.31b | 5.24b ' 5.74a | 5.23b
- Total carbohy. 142.04b|42.24b|43.38a(43.492a(40.29¢|40.23¢|41.83b43.42a(40.04c
-Aval.cabohy.  122.93b(23.09b{23.84a(|24.00a|21.28¢121.23¢|22.78bi23.81aj21.04c
-Crude fibers |19.11b{19.15b[19.54a|19.49a{19.01b|19.0Cb 19.05bJ19.61a 19.00b
Values are means of three replicates. Values having the same letter(s) within a row are not
significantly different (P > 0.05). P = Flafel fried in palm oil, C+S = Falafel fried using
mixed oil (cotton seed: sunflower, 1:1), R1, R2, R3 falafel from different restaurants
before and after frying.

Asparagine, reducing sugar and acrylamide contents of potato chips:

Table (3) show the influence of reducing sugars and asparagine
concentrations (%) of potato before frying on the formation of acrylamide
(ug/kg) in potato chips during deep- fat frying. The data cleared that reducing
sugars of samples prepared in lab were significantly the lowest, while the
samples obtained from R2 had the highest amount of reducing sugars. No
significant difference was found between samples from R1 and R3; both of
them come in-the second order. These values are higher than those reported
by Kita (2002), who found that reducing sugars of some potato tuber varieties
ranged between 0.040 to 0.127%. This may be due to potato varieties and/or
conditions of storage.

Table (3): Reducing sugars, asparagine and acrylamide contents of
potato chips.

Reducing Loy Acrylamide
Samples sugars% Asparagine % (ua/kg)
Palm oil 0.22¢ 0.177b 213 e
Laboratory c+S 0.22¢ 0177b 235d
R1 038b 0.188 a 843 b
Restaurants R2 043a 0.175b 889 a
R3 0.34b 0.135¢ 814 ¢

Analyzed before frying, Analyzed after frying, Frying conditions (180 * 5°C for 8 min).
Values are means of treatments. Values having the same letter(s) within a column are
not significantly different (P > 0.05). C+S = mixed oil from cottonseed and sunflower
(1:1). R1, R2, R3 are chips obtained from different restaurants

As for asparagine contents, sampies from R1 had the highest
concentrations. No significant differences were found among samples
prepared in lab and R2, content of asparagines in both of them come in the
second order; while, the samples from R3 had the lowest asparagine content.
This may be due to variation of preparation or cultivation.
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As regard to acrylamide content, it can be seen that chips samples
purchased from restaurants contained very high acrylamide content (814-
889ug/kg) compared with those fried in lab (213-235pug/kg). This may be due
to preparing or frying conditions (type of oil, temperature and time). It could
be noted that the type of oil has lower effect on acrylamide formation
compared with the effect of frying conditions. Where the variation between
the acrylamide level of chips fried in paim oil (213ug/kg) and chips that fried
in mixed oil (235ug/kg) is little but the variation between the acrylamide
content of chips fried in lab (using palm oil) and chips that fried in restaurants
(using the same oil) was high. Such results indicate that the conditions of
frying process are very effective on acrylamide formation. These results are
in agreement with those found by Bessar, (2006), who found that the rate of
acrylamide formation increased markedly after the reuse of the frying oil for
third process.

It could be aiso observed that, there is relationship between reducing
sugars in potato before frying and the level of acrylamide formed during
frying. Acrylamide formation in chips increased as a function of increasing
reducing sugars. The obtained results also, are in harmony with those
reported by Biedermann et al. (2002) and Gékmen et al. (2007), who found
that sugar concentration has a strong correlation with the amount of
acrylamide formation upon frying potatoes. The results in the same Table (3)
show that sample contained high level of reducing sugars and medium level
of asparagine (treatment R2) had the higher acrylamide content than that of
samples contained medium level of reducing sugars and high level of
asparagine (R1). These results are in agreement with those found by Granda
et al. (2005).

Tareke et al., (2000) cleared that among the different food products
analyzed, the highest levels of acrylamide have been found in French fries,
potato chips, and other deep-fat fried products. Overcocked French fries
showed a very high level of acrylamide (>10 ppm), indicating that frying
temperature and frying time influence acrylamide formation. Acorrding to
FAO/WHO (2002), within each food group evaluated so far, suggesting that
heat processing has a marked effect on the level of acrylamide in the
products. Modifying the cooking process could probably reduce the amount of
acrylamide in foods.

During frying, all the heat transferred from the hot oil is utilized to
increase the internal energy of potato strip until the surface reaches slightly
above the boiling point of water (103-104°C). After this point, moisture
evaporation starts exiracting a large amount of the incoming energy. At lower
temperatures (£150°C), the energy input to potato strip is limited preventing
the surfsce from reaching temperatures above 120°C within 10 min of frying.
However, when the oil temperature is high enough (2170°C), the energy input
is sufficient for both moisture evaporation and temperature increase to take
place in the same duration, which favors the formation of acrylamide
(Gokmen et al, 2008). in addition, Gékmen and Palazoglu (2008) cleared
that, forration of acrylamide takes place mainly at the surface and in the
near-surface regicns because the conditions in this part of the potato strip
become favorable for acrylamide formation as a result of simultaneous
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drying. As a consequence, any treatment like washing of the cut surface of
potato strips may decrease concentrations of precursors on the surface
where the chemical reactions responsibie for the acrylamide formation take
place. Asparagine, reducing sugar and acrylamide contents of falafel:

Reducing sugars and asparagine of falafel paste obtained
from three different restaurants as well as acrylamide content of these
samples after frying were recorded in Table (4). The presented data clear that
reducing sugars and asparagine in falafel paste before frying varied
according to resources. This may be due to the raw materials which used in
preparing the paste. Reducing sugars of falafel paste ranged between 0.15 to
0.22%, while asparagines content ranged from 0.077 to 0.088%.

Concerning acrylamide contents, generally acrylamide content of
falafel fried in restaurants (427 to 518pug/kg) was markedly higher than that of
falafel fried in lab (74 to 92ug/kg). This may be related to frying conditions,
where the restaurants in general used the oil for frying more than one time
under high temperature for long time which led to presence of foreign by-
products and food residues. These conditions play a key role in acrylamide
formation. Al-Dmoor et al. (2004) reported that the excessive use of frying oil
in food preparation caused significant increases in acrylamide content,
especially in falafel. Bessar (2006) found that the acrylamide content of falafel
(bean balls) fried in palm oil for one time were 76ug/kg, while increased to
203ug/kg when oit used for three times. This result can be explained by the
assumption of presence of acrolein in old oil. Acrolein was proposed as a
precursor for acrylamide formation (Stadler et al., 2002).

Table (4): Reducing sugars, asparagine and acrylamide contents of

falafel. _
Samples Reducing Asparagine’ Acrylamide**
Frying place | Paste source | Oil type | sugars % % (ug/kg)
R1 Paim 0.18b 0.077b 77e
C+S 0.18b 0.077b 88d
Palm 0.22a 0.088a 89d
Laboratory R2 C+S | 0.22a | 0.088a 92d
R3 Palm 0.15¢c 0.079b 74e
C+S 0.15¢ 0.079b 76e
R1 Palm 0.18b 0.077b 488b
Restaurants R2 Paim 0.22a 0.088a 518a
R3 Palm 0.15¢ 0.079 427¢c

Analyzed before frying, Analyzed after frying. Frying conditions (180 + 5 °C for 4 min).
Values having the same letter(s) within a column are not significantly different (P >
0.05). C+S = mixed oil from cottonseed and sunflower (1:1). R1, R2, R3 are falafel
obtained from different restaurants

The variation between acrylamide content of falafel fried in lab using
palm oil and that fried in mixed oil is small. These results are in agreement
with those reported by Bessar, (2006). This may be due to the nature of oil.
The results show also that the effect of reducing sugars and asparagine
contents of falafel paste before frying on acrylamide formation is strong,
where its level increased significantly with increasing the reducing sugars and
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asparagine contents (518ug/kg in case of falafel fried in R2). When the
reducing sugar content was medium and asparagine content was low, the
acrylamide formed in medium level (488ug/kg as shown in sample fried in
R1). But when the reducing sugars content was low and asparagine was
medium, the acrylamide content was significantly low (427ug/kg as shown in
case of R3). Gékmen and Palazoglu (2008) cleared that the composition in
terms of the concentrations of reducing sugars and asparagine and frying
conditions in terms of temperature and duration significantly influence
acrylamide formation. The acrylamide level increases substantially with an
increase of frying oil temperature. As higher oil temperatures result in an
increased rate of dehydration, which in turn leads to the favorable conditions
for the Maillard reaction to develop earlier during the frying process.

For comparing the acrylamide formed in potato chips (Table 3) with
that in falafel (Table 4), it could be observed that potato chips had greatly
higher amounts than those of falafel either fried in lab or in restaurants. This
may be related to the highest levels of reducing sugars in potato comparing
with of falafel as well as, the frying time used in case of potato was longer
than that in case of falafel. Al-Dmoor et al. (2004) reported that acrylamide
content of fried potato was significantly higher than that of falafel. In addition,
Bessar (2006) obtained similar results.

Physical and chemical properties of used oils before and after frying
process:

Some physical and chemical properties of oils used for frying process
either in lab or in restaurants were tabulated in Table (5). Specific gravity
(SG) and refractive index (RI) for paim oil used in restaurants were higher
than those used in Lab. it may be due to the increment of viscosity during
muttiple frying and polymers formation.

Table (5): Some physical and chemical properties of oils used in frying
process before and after frying.

n.s57.48 | n.s90.42 | a57.48 | a57.48 a57.48

56.88 90.00 b46.60 | b 38.82 b 49.80
Saponification value n.s195.0 { n.s192.0 | 2195.0 | a 1950 a195.0
(mg KOH/q oil) 195.5 192.0 b193.2 | b192.3 b 180.7
*C+S= Cottonseed + sunflower oils blend (1: 1), B = before frying and A = after frying. R1,
R2, R3 are oils obtained from different restaurants

iodine value (g
i/100g oil)

. Laboratory Restaurants
Properties Palmoil | C+S R R2 R3
Specific gravity (50 | B | ns091 | ns0.78 | b0.91 b 0.91 b 0.91
°C), water at 25 °C A 0.91 0.78 a0.93 a 0.85 a 0.93
Befractive index (40| B | n.s1.488 | n.s1467 | b1.488 | b 1.488 b 1.488
C) A 1.488 1.467 a1492 | 21495 | a1.480
Color B 5R 20Y + 3R 5R 5R 5R
A 154Y + 1R 120Y + 3.4R| 13Y+65R | 14Y+73R {14Y + 5.5R
L B ns065 | ns035 | b0.65 b 0.65 b 0.65
Acid value Al 068 037 | ai43 | a188 | ald7
Peroxide value B! ns053 | ns077 | b0.53 b 0.53 b 0.53
{meq. Ox/kg oil) A 0.88 0.93 ai18.11 | a22.56 a15.85
B
A
| B
A
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The color of frying oils used in restaurants darkened swiftly. Both
yellow and red increased significantly compared to oils used in lab. As for
acid and peroxide values, the results cleared that no significant differences
were found between frying oils used in lab before and after frying process;
while it was increased significantly as a function of multiple frying process in
oils from restaurants.

Frying process did not affect significantly on iodine value for oils used
in Lab. It may be due to the relationship between peroxide and iodine values
which was not increased during the first time of frying. lodine values of oils
from restaurants were significantly decreased as a resulting of frying process.
These changes related to the oxidation of double bonds of unsaturated fatty
acids which decreased iodine values.  Saponification value of oils in Lab
not significantly changed as a function of frying process; while it was
decreased significantly as a result of frying process in restaurant oils.

Variations of acrylamide levels in oils used several times of frying
may be due to reconstruction of used oil as, presence of foreign by-products,
salt, food residues, and high temperature for long time, which play a key role
in changing the physical and chemical properties of frying oil. These resuits
are in harmony with those found by Glese, (2002) and Konings et ai. (2003).

From the resultes presented in Tables (3, 4 and 5), it could be noted
that, there was relationship between changes in physical and chemical
properties of frying oil and acrylamide formation in fried samples. This may
be due to reusing of oils at high temperature for long time (usually in
restaurants) lead to oil deterioration and increase its carbonyl compounds
(secondary products of oil oxidation) which help in acrylamide formation.
Becaiski et al, (2003) reported that heating asparagine with octanal, 2-
octanone, or 2, 3-butanedione formed various amounts of acrylamide.
Yaylayan et al., (2003) also, found that glycoialdehyde and glyceraidehyde
produced about 2 times and 1.75 times more acrylamide than glicose with
asparagine, respectively. In addition, Yasuhara et al, (2003) found that
acrolein formed from lipids upon oxidation vyielded 114ug acrylamide/g
asparagine. Acrylic acid, which is an oxidative product of acrolein, produced
significant amount of acrylamide.

Organoleptic evaluvation of potato chips

The organoleptic evaluation of potato chips either prepared in lab or
purchased from restaurants was performed and the means of results were
recorded in Table (€).

Table (6): Organocleptic evaluation of potato chips from different

SOUrces.
i Civeralil
Sampiles Color Taste Odor | Texture acceptability
Pabm: o1l 8.3a 802 8.3a 8.6a 8.3a
Laboratory C+8 780 76ab | 786 | 796 780
R 73¢ B.7¢ 68¢ 70¢ 7.0¢
Restaurants R2 4.8d 4.8d 4.6d 48e 4.8d
| R3 i B81ab 7.5b 71c¢c 6.5d 7.3¢c

Values are means of evaiuations. Means of evaluations having the same ietter(s) within a
column are not significantly different (P > 0.05). C+S = mixed oil from cottonseed and
sunflower (1:1). R4, R2, R3 are chips obtained from different restaurants
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The data show that the chips prepared in lab had high scores for all
characteristics compared with these purchased from restaurants. This may
be attributed to the exposure to high temperature and frying time in the
restaurants, in general, longer than that used in lab, which play a key role in
changing the nature of oil.

The characteristics of chips fried in lab using palm oil had highest
scores. This may be attributed to chemical properties of fresh palm oil
especially, the low levels of peroxide and iodine values. This means, it
contains low amounts of unsaturated fatty acids that make it more constant
during frying process. The results show also that the characterestics of chips
prepared in restaurant (R2) had the lowest scores. This may be due to the
conditions of frying process in such restaurant.

The relation of the results in Table (3) and these of Table (6), it can
be seen that the effect of sensory characteristics on acrylamide formation is
very slight comparing with frying conditions such as time, temperature,
reusing the oil which have important role in acrylamide formation. Obtained
results are in agreement with those reported by Granda et al. (2005), who
reported that color could not be used as an indication of acrylamide content
because potato chips with similar color had very different acrylamide
concentrations. In addition, Taubert et al. (2004) found that at a level of
browning 2 “golden brown", acrylamide content varied from 2.5 to 13 ppm in
3-mm slices potatoes and ranged from 4 to 18 ppm in grated potatoes. They
-reported that because color continues to develop during the Maillard reaction,
and acrylamide may start degrading, browning alone should not be used as
the sole predictor of acrylamide formation. In contrast, Stadler et al. (2002),
Zyzak et al. (2003) and Becalski et al. (2003) reported that the formation of
acrylamide in foods is closely linked to the formation of desirable
characteristics such as flavor and color. Because the Maillard reaction is
favored by conditions of high temperature, resuiting in the fiavors and brown
color in roasted, baked and fried foods. Al-Dmoor et al. (2004) reported that
the heat intensity (time and temperature) and all factors enhancing browning
and crust formation are the major cause of acrylamide formation.
Organoleptic evaluation of falafel

The organoleptic evaluation of falafel either purchased from
restaurants and fried in laboratory or fried in restaurants was performed and
the means of results were recorded in Table (7). From overall acceptability,
the results show that falafel fried in lab using palm oil had higher scores for all
characteristics as compared with those fried using mixed oil. Falafel obtained
from R1 and R3 that fried in palm oil at lab had the highest acceptability from
judges' view followed by R2. No significant differences were found between
samples obtained from R2 fried in lab, R1 and R3 fried in restaurants; both of
them were come in the second order. While, samples fried at restaurant R2
had the lowest score

The results in Tables (4) and (7) indicate that sensory properties had
a little effect on acrylamide formation in falafel where some samples have
similar score for color and the acrylamide content is very different (sample
obtained from R1 and fried in lab has score 8.6 for color and contained 79ug
acrylamide/kg but sample collected from the same restaurant and fried in
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restaurant has nearly similar score for color and contained 488ug
acrylamide/kg). This indicate that frying conditions, reusing the frying oil and
reducing sugars content of samples have the great effect on acrylamide
content, but their sensory characterestics are not indicator for acrylamide
content. Granda et al. (2005) reported that color could not be used as an
indication of acrylamide content because potato chips with similar color had
very different acrylamide concentrations.

Table (7): Organoleptic evaluation of falafel from different sources.

Samples
. lgaste Qil Color Taste Odor | Texture ovi:)'.ll.
Frying place|_ '~ type acceptability
R1 Palm | 86a 8.1a 8.1a 84a 8.3a
C+S 80b 7.7abc | 76c | 7.7bc 7.7b
Laboratory R2 Palim | 79b 76bc { 7.8bc | 8.0 abc 78b
C+S 78D 7.4cd 76c | 7.5de 76b
R3 Palm | 85a 8.1a 83a | 81ab 8.3a
C+S | 8.2ab 79a 78bc | 8.1ab 8.0 ab
R1 Palm | 8.2 ab 7.6 bc 78c¢C 7.7 bc 7.8b
Restaurant R2 Paim 72¢C 7.1d 7.04d 71e 71 ¢
R3 Paim | 82ab | 7.7abc | 75¢C 7.6 cd 7.8b

Values are means of evaluations. Means of evaluations having the same letter(s) within a
column are not significantly different (P > 0.05). C+S = mixed oil from cottonseed and
sunflower (1:1). R1, R2, R3 are falafel obtained from different restaurants

~ CONCLUSION

From the obtained results, it can be concluded that frying conditions
especially reusing of oil had a great effect on acrylamide formation, where the
samples fried in restaurants had significantly higher acrylamide levels than
those of samples fried in laboratory. The acrylamide concentration of studied
samples differed from restaurant to other. Reducing sugars and asparagine
contents played an important role in acrylamide formation. The highest level
of acrylamide was found in samples contained the highest reducing sugars;
foliowed by those contained the moderate level of reducing sugars and the
highest level of asparagine. The results cleared that potato chips had
acrylamide content higher than that of falafel. Samples fried using palm oil in
laboratory had acrylamide content somewhat lower than that of samples fried
using rnixed oils. Sensory characteristics could not be used as an indicator
for acrylamide content, where potato chips or falafel with similar sensory
characteristics had different acryiamide content. It recommended that the
frying in fresh oil at low temperature and short time (as possible as) are
important to reduce acrylamide formation during frying. Before frying,
reducing sugars and asparagine content of samples must be reduced for
lowering of acrylamide formation during frying.
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