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Abstract

Acrylamide formation during the production of Franfries is attributed to Maillard reactions from
reducing sugars and asparagine and is dependehé drying temperature. Low reducing sugars content
in potatoes has been recommended to produce foeatopproducts. However, the influence of the
complexity of the potato medium in the chemicaktims that promote the acrylamide formation during
deep frying are not well understood. In this stuttyee potato cultivars (Kennebec, Red Pontiac and
Agria) commonly used for fried potato products wer@luated to determine the relationships between
the precursors of acrylamide in the fresh potalbeitsi and the properties of the fried potato strijls the
acrylamide content after frying. Frying experimewere conducted at three conditions (time-tempesgatu
to obtain French fries of similar visual colour.mlamide formation increased with frying temperatur
but different behaviour was observed between amiv For Red Pontiac, a remarkably increase in
acrylamide content was found at 170°C (~40 %) tugyeivith the increase in colour. However, lower oil
uptake and higher moisture content was obtain¢enagerature increase. Significant positive corieet
were observed between the acrylamide level andredecing sugars and sucrose content on fresh
potatoes (0.652, 0.699,0.01, respectively). The acrylamide content oledim Agria cultivar may be
obtained from the hydrolysis of sucrose during fhgng process. In fried potato strips, positive
significant correlation was found between the shiesice and acrylamide (0.749, $ 0.01). The
significant correlations obtained between colourd daexture, colour and oil uptake and texture and

acrylamide content indicate the intrinsic relatiuipsbetween the properties of the fried potatgstend

the acrylamide content.

were
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1. Introduction
The potato $olanum tuberosum) is one of the world’s major agricultural cropsdaa consumed daily by
millions of people from diverse cultural backgroan@Pedreschi & Moyano, 2005). French fries have
been a popular salty snack for 150 years, and th&il sales in the US are almost one-third ofttial

sales in this market (Garayo & Moreira, 2002).

Frying has been defined as the immersion of a fisoduct in edible oil above the boiling point oftera
(Hubbard & Farkas, 1999), with colour, texture flastour development. It is a complex process bezaus
of the two mass transfers in opposite directiorthiwithe material being fried; for starchy prodyetster
and some soluble material escapes from the prodnctil enters the food (Blumenthal & Stier, 1991)
The reports of acrylamide intake indicate thatdfrftato products, bread and bakery products, €offe
and breakfast cereals are the food commoditiescibvaribute the greatest dietary acrylamide exposur
(Vinci, Mestdagh, & Meulenaer, 2012). EFSA (2014parted that the 95th percentiles of the acrylamide
intake for adults and for children are estimatedaoge between 0.6-2.3 pgkdw/day and 1.5-4.2
ng.kg't bw/day, respectively. Acrylamide is a neurotoxinhumans, and it has been considered to be a
probable human carcinogen (Hogervorst, Schoutemir§s, Goldbohm, & Van den Brandt, 2007;
Pedreschi, Kaack, & Granby, 2004; Hu, Xu, Fu, & 2015). Researchers and industry need to find
solutions to reduce or prevent acrylamide formataaspite the lack of legal limits for this contauamt,

in foods, especially fried potato products.

The content of acrylamide (by-product of the Madlaeaction in food processed at a temperature0> 12
°C) is dependent on factors such as the cultieati)ization, storage, blanching, cooking tempemtand
time, and the amount of reducing sugars and freéaaatids, such as asparagine, present in theogstat
(Marquez & Anon, 1986; Cheong, Hwang, & Hyong, 208alford et al., 2012; Daniali, Jinap, Hanifah,
& Hajeb, 2013). There have been several reportedacing acrylamide formation, and these strategies

were compiled in a “Toolbox” by Food Drink Europe

(http://www.fooddrinkeurope.eu/uploads/publicatiodscuments/Toolboxfinal260911.pdf).

4
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The reducing sugars and asparagine, as acrylam&®urgors, are very important for reducing the
acrylamide content in fried potato products{PajhedPalazglu, Savran, &-GekmenGokmen, 2010).
However, the relationship between the asparagirke raducing sugars concentrations in the fresh
potatoes and the acrylamide formation during preiogsare surprisingly complicated. According to the
report of Vinci et al. (2012), asparagine conceitrs are relatively high compared to the reducing
sugars content, which represents the limiting fattaacrylamide formation in fried potato produdis.
contrast, Shepherd et al. (2010) found that thearagne and sugar concentrations contributed
approximately equally to the acrylamide formatibmaddition, Halford et al. (2012) suggested thaew
the sugar concentration was relatively high, acnydke formation during processing was proportiooal t
the sugar content, whereas when the sugar levelomasacrylamide formation was proportional to the

asparagine content.

selection of the potato cultivar is very importémteduce acrylamide formation. Some cultivarsracee

suitable than others for frying in strips, duetteit large, long tubers and low reducing sugareonfThe
frying conditions produce dramatically affect tlewels of acrylamide, as well as the browning, textu
and flavour development caused by the MaillardtieaqMottram, Wedzicha, & Dodson, 2002; Stadler
et al., 2002). The frying time and oil temperatsh®uld be controlled to reduce the acrylamide aunte
and the temperature should not exceed 170-175°0Oweer temperatures towards the end of the Mdillar
reaction may reduce acrylamide formation (Vincalket 2012). Longer frying periods may result inleg
acrylamide contents.

During the frying process, oil is used as the mgatnedium and as an ingredient producing calorific
products. Oil uptake is considered the major natrél critical point of fried products because bét
epidemic obesity prevalent in developed and evedeweloping countries caused by meals rich in fat
(FAO, 2002). In addition, Zamora and Hidalgo (20@8)d Capuano, Oliviero, Acar, Gokmen, and

Fogliano (2010) indicated that lipid oxidation gogly influences the formation of acrylamide. Hoxee,
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other studies have not discovered any significaejative effect of the oil uptake on acrylamide
formation. To date, there is still some confusiom anisunderstanding regarding the influence of ail
uptake on acrylamide formation. Due to health comgeconsumer preference for low-fat and fat-free
products has been the driving force of studiesnetstand the oil uptake to control and reduceothe
uptake and acrylamide content while still retainithg desirable texture and flavour of fried potato
products.

This study aimed to evaluate the influence of fgyinonditions on acrylamide formation and to
investigate the existence of a relationship betwaagglamide levels and the factors potentially ired

in the formation of acrylamide, such as the fryiamperature, reducing sugars, asparagine, moisilre,
uptake and instrumental sensory parameters (caloditexture) in three potato cultivars commonlyduse

for fried products in Europe.

2. Materialsand M ethods
2.1.Sample preparation

In accordance with the report by Yang, Achaerandiogd Pujola (2015), potato tuberSol@gnum
tuberosum) of three cultivars (Red Pontiac, Kennebec andiadgwere selected. Tubers were
commercialized in Spain and obtained from Mercabdltercados de Abastecimientos de Barcelona SA,
Barcelona, Spain). All potato cultivars were grownEurope and had the same postharvest storage
conditions prior to use. The dry matter contentbfpotato cultivars was greater than 200 ¢:Kbhe
flesh colour of the Red Pontiac and Agria cultivenas yellow, and the colour of the cv. Kennebec was
white. The potatoes were stored at 8 °C and 958&tivelhumidity. In our experiment, 8 kg of potatoes
from the same industrial lot were classified byesizhe mean weights of all the potato cultivarsewer
similar, higher than 200 g. Potatoes were handedesnd then cut into strips (1x1x6-mm cm) with a
stainless steel slicer. A fraction of 200 g of potstrips were randomly selected for the fryingaess.

Sunflower oil containing 65% oleic acid was usedhia frying. The potato strips of each sample were
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fried in an electrical fryer (Taurus, Spain) at fhlbowing temperature-time conditions: (i) 190 f&¢ 160
s, (i) 170 °C for 240 s, (iii) 150 °C for 330 shé& frying period was previously determined by timalf
colour of the frying strips. The final colour ofettiried strips was fixed to standard 3 on the cokmale
of the USDA standard for frozen French fries (USCAB88). The potato strips’ mass to oil mass ratio
(g/g) was 1:5. Each cultivar was fried in triplieatnder the same frying conditions. After fryingrons
of the samples were lyophilized using a CryododrdBze-drying instrument (Terrasa, Spain), packed i
plastic bags and maintained at -20 °C until furthes. Another fraction of 200 g of fresh potatipstwas

homogenized and then the required weight was takendergo with the sugar and asparagine analysis.

2.2. Instrumental analysis of colour and texture

2.2.1. Colour

The colour of the potato strips was measured usiMjnolta CR-400 colorimeter (Osaka, Japan) in the
CIE lab space. The L* (lightness), a* (greennepto[redness [+]), and b* (blueness [-] to yellowsag+])
were recorded and evaluated. The parameters adrigle (H) and chroma (C) were calculated astari
Y(b*/a*) and C= (a*+b*») 2. Six measurements were taken for each experiraentthe results were

expressed as the mean value * standard deviation.
2.2.2. Texture analysis: Shear force and texture profilaysis
Shear force

The shear force of the samples was measured ussduae analyser (TAXT plus, Stable Microsystems,
Surrey, UK), as described by Singh, Kaur, McCart\igughan, and Singh (2008). The test conditions
used for the measurement were pre-test speed 1; t@stspeed 1 mm/s; post-test speed 1 mm/s; target
distance of 30 mm into the samples and triggerefas€ 2 g. Six potato strips were taken for each

experiment, and the shear force (N) was expressétbanean value + standard deviation.
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Texture profile analysis

Each potato strip was cut to a length of 10.0 mingua knife. The texture profile analysis (TPA) was
performed with the parameters set to pre-test spe&g8Imm/s, test speed 0.83 mm/s and post-testl spee
0.83 mm/s; a rest period of 5 s between the twtesyand a trigger force of 5 g. The maximum extént
the deformation was 10% of the original length. éwcling to the definitions of Szczesniak (1975) and
Bourne (1978), the TPA values for hardness (N)esoteness (dimensionless), springiness (mm) and
chewiness (N x mm) were calculated from the resglforce-time curve. Six potato strips were te$ted

each experiment, and the results were expressbe asean value + standard deviation.
2.3.Analysis of moisture content

The moisture content of the potato strips was nredshy drying 5g of the homogenised samples in a
convection oven until constant mass at 65 °C. Agialwas conducted in triplicate for each individual

experiment. The results were the mean of the ¢efdi experiments and expressed as - kg
2.4.Analysis of oil uptake

2 g of dried potato sample was put in a Soxhletagkbr for 4 h using petroleum ether. After extiatt
the samples were dried for 30 min at 100 °C. Theasitent was calculated by the difference betwiben
initial weight and the end weight of each sampie] the results were expressed as §-&0DAC, 2005;

Method 934.01).
2.5.Analysis of asparagine

Asparagine was determined according to the assa&SKAM) procedure of Megazyme International

2014. Briefly, 1 g of the homogenised fresh potsstmple was homogenized in 10 mL of water for 3 min.
Following centrifugation (1000 rpm x 10 min, 4 °@he concentration of the clear supernatant was
between 0.005 and 0.50 g/L. 0.1 mL sample solut®@2 mL glutaminase, and pH 4.9 buffer were

mixed and incubated for 5 min at room temperaftihen, 1.6 mL distilled water, 0.3 mL buffer (pH 8.0
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and 0.2 mL NADPH were added, and the solution wasednand incubated for 5 min at room
temperature. The reaction was started by the adddf 0.02 mL glutamate dehydrogenase suspension
and the solution was mixed, and the absorbandeeo$dlutions (4 was read by a spectrophotometer at
340 nm after 5 min and at 1 min intervals until #isorbance remained the same, indicating the £nd o
the reaction. Then, 0.02 mL asparaginase was adaedthe absorbance of the solutions) (as read
after 5 min and at 1 min intervals until the absoide is constant. The blank solutions include radl t
reagents of the samples without the 0.1 mL of sarsplution. The asparagine was calculated ag [(A
A2)sampie— (A1-A2)piand % 0.4949. If the sample has been diluted durivegreparation, the result must be
multiplied by the dilution factor. The results wesrpressed as g-kof fresh weight, and each sample

was analysed in triplicate.
2.6.Analysis of sugars

Fresh-samples (5 g) of the homogenised sample exéracted by refluxing for 30 min with 48-ml mL of
70% ethanol. The extract was vacuum-filtered, &edfittrate was diluted to 50 mL with ethanol. AL
aliquot of the solution was passed through a W&ders-Pak & column and filtered (0.4pm pore-size
membrane), and then 20 pL of each filtrate wascief into a Hewlett Packard series 1100 high-
performance liquid chromatograph (HPLC) equippethvei Beckman 110B injector and a Beckman
Refraction Index Detector (RID). The separation waformed using a Phenomenex Lunacolumn (250 x
4.6 mm i.d.), following (with a few modificationsfie procedure of Hernandez, Gonzalez-Castro, Alba,
and Garcia (1998). The mobile phase consisted etbaitrile/water (78:22, v/v), and the flow rateswva
1.8 mL-mirt". Individual sugars (fructose, glucose and sucresele identified and quantified using
external standards. Each sample was analysegiicate. The sugar contents were expressed as gfkg

fresh weight.
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2.7.Analysis of acrylamide

The determination of acrylamide was conducted ¥ahg (with a few modifications) the procedure of
the gas chromatograph (PerkinElmer, 2004). 1 yapbhilized powder was combined with 10 mL 0.1%
formic acid solution and mixed on a wrist actioraledr for 20 min. The mixture was refrigerated for 4
min for easier removal of the top oil layer. A 3 raliquot of the clarified aqueous phase (beneattoth
layer) was filtered through a 0.45 um nylon syrifiifer and stored for clean-up and analysis. TRES
tube was preconditioned with 2 mL acetone, followsgd® mL 0.1% formic acid, at the rate of one drop
per second, and the acetone and formic acid wemadied. 2 mL of the filtered extract solution was
subjected to solid-phase extraction (SPE) (Carh@lPr200 tube, 6 mL, 500 mg) with only gravity flow.
The SPE tube was washed with 1.0 mL water and ¢ohéien was quickly passed through the tube.
Vacuum was used for up to 1 min to dry excess waben the tube. The acrylamide residue in the SPE

tube was eluted with 2 mL of acetone with usingriyeonly and collected for GC-FID analysis.

The GC analysis of the extract samples was perfdromean AutoSystem gas chromatograph equipped
with a flame ionization detector (FID) (Hewlett Racd 5890 series II) following the procedure by $un

al. (2012). The column used was an Agilent HP-FFAPilleap (length=25 m, i.d.=0.2 mm, and
thickness=0.3 um), and the analysis conditions veerdollows: the initial column temperature was
settled at 100 °C for 0.5 min, then raised at aligra. of 10°C/min to 200 °C; the temperatures ef th
injector and detector were set to 250 and 260&hactively; helium was used as the carrier gadlatv

rate of 1 mL/min and a splitless of 1 min, anditijection volume was 1 um. The results were exgess

as pg-kg of lyophilized weight (LW).
2.8.Statistics

The data reported was the mean of triplicate indéget experiments. The variations were evaluated
through one-way analysis of variance (ANOVA) usMnitab 16 Statistical software (MINITAB Inc,

State College, PA, USA). Differences between mealnes were evaluated using the HSD Tukey test

10



244  with a 95% confidence interval. Pearson’s correfatinalysis was carried out to study the relatigpssh

245 between variables.

246 3. Resultsand Discussion

247 3.1.Influence of frying temperature on acrylamide fotioa

248 It is well-known that commercial potato strip pration prefers to use the cultivars with lower redgc
249  sugar (glucose and fructose) and asparagine centlfthough an upper limit has not been specifigd f
250 cultivars suitable for potato frying production,A& (2009) advised the use of potato cultivars vath
251  reducing sugar content of less than 3 g.kgsh weight for use in fried potato productsthis study,
252 three cultivars were selected: one (Red Pontiatt) avreducing sugar content of more than 3 fkesh
253  weight and two (Agria and Kennebec) with conterfteess than 3 g.k§fresh weight. The concentrations
254  of the assumed precursors of acrylamide (glucasetdse and asparagine) are shown in Table 1. The
255  concentrations of glucose in the Red Pontiac andnkkec cultivars were 3.14 and 1.26 g.Kgesh
256  weight, while the fructose concentrations were 1ar@ 0.85 g.k§ fresh weight, respectively. The
257  contents of glucose and fructose in the Agria caitivere the lowest of the three cultivars. Theigalof
258  asparagine ranged from 2.03 to 3.21 g.kgsh weight, which is in line with the valuesi®-4.58 g.kg

259  fresh weight) reported for different cultivars biv&nti, Finotti, and Friedman (2006).

260 The frying time and oil temperature should be adifgd to avoid high acrylamide levels, and the
261  temperature should not exceed 170-175 °C (Vinal.e2012). Thus, in this study, 150, 170 and X90 °
262  were selected for assessing the effect of temperatu acrylamide formation. The acrylamide levdls o
263  potato strips prepared by frying at 150, 170 an@d ® are shown in Figure 1; the contents for sl
264  cultivars ranged from 1975 to 5563 pgkgwW for 150 °C, 3124 to 5814 ug:kd W for 170 °C, and
265 4424 to 6035 pg.kyLW for 190 °C, which are values slightly highearththose previously reported for
266  fried potato products in other studies (Pedresthl.e2004; Pedreschi, Kaack, & Granby, 2006) beea
267  of the different frying conditions and potato cudiis. The lowest acrylamide content was found & th

268  Kennebec cultivar. The acrylamide levels change®edawith the temperature and cultivar. As Figure

11
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1.A shows, the acrylamide content steadily inadasith the frying temperature from 150 to 190 &€ f
the Kennebec cultivar; it significantly increasedthe frying temperature increased from 150 °C7® 1
and 190 °C for the Red Pontiac cultivar; and ightlly increased with the temperature for the Agria
cultivar. Hence, a higher temperature results imigher acrylamide level in fried potato products, i
agreement with other studies (Palgimo et al., 2010; Pedreschi et al., 2006), butdbgree of increase
was not the same for different potato cultivarsjcivhwas attributed to the different contents of the

acrylamide precursors and moisture.

Correlations between the acrylamide in the friethjses and the concentrations of asparagine aradssug
were investigated for all the tested cultivars thge and separately for the individual cultivarsd an
revealed some unexpected differences. There wagrafiant correlation between the asparagine
concentration and acrylamide level (r=0.423, p<p.0kable 2), but no significant correlations were
found for the individual cultivars. As Figure 2.Aa@ws, the Kennebec cultivar, with the lowest
acrylamide content, had a lower asparagine lekielasparagine content of Agria was the higheshef t
three cultivars tested, but its acrylamide leveswat higher than the content of Red Pontiac, widch
consistent with the report of Vinci et al. (201®)ho reported that the asparagine concentration is
generally in excess compared to the reducing stiy@ent in some cultivars, so that the reducingasug

content is the limiting factor in acrylamide for st

The correlation between reducing sugar and acrdaroontents is also shown in Table 2. Overall,egher
was a significant correlation (r=0.652, p<0.01)t tonsidering the individual cultivars, it was ofdund

in Red Pontiac (r=0.626, p<0.05). The differencesvbken the individual cultivars were more apparent
when acrylamide was correlated with fructose antta@ge concentrations. Overall there were significan
correlations between fructose and acrylamide (2D.4<0.01) and glucose and acrylamide (r=0.663,
p<0.01), and a significant correlation within theete cultivars was only found in the Red Pontidtvar

for fructose (r=0.614, p<0.05) and glucose (r=0,6%®.05). As Figure 2.B shows, the Red Pontiath) wi

the highest acrylamide content, generally contathechighest reducing sugar content, while the ciedu

12
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sugar content of Agria was the lowest of the thogldvars, but the acrylamide content was highanth
that of Kennebec, which is not consistent with salvstudies (Marquez & Anon, 1986; Amrein et al.,
2003) that reported significant correlations betwedbe reducing sugar and acrylamide contents.
Therefore, the mechanistic pathway of acrylamidentdion is complex, and it is not possible to say
whether this is the explanation for these contngstiorrelations without more detailed kinetic sasdof

the acrylamide formation. However, it may provitde hew evidence to prove the suggestions of Halford
et al. (2012), who reported that when the sugatectiwas relatively high, the acrylamide formatieas

proportional to the sugar concentration.

There was a significant correlation between sucoasgent and acrylamide formation (r=0.699, p<Q.01)
However, sucrose was not considered a precursoacoflamide formation because the sucrose
concentration was significantly correlated with ueithg sugars (r=0.610, p<0.01), so it may not
necessarily reflect a direct relationship. Sucroae been shown to contribute to acrylamide formatio

which may be due to the hydrolysis through an erationthermal or acid-catalysed reaction (Halford e

al., 2012).

3.2.Relationship between acrylamide formation, oil kptand moisture content

3.2.1. Oil uptake and acrylamide formation

The oil uptake is a complex mechanism that is testrty understood, and the initial product struefuhe
interchanges between the product and the heatirdjume and the variations in the product and oil
properties are the factors that explain this phesran (Ziaiifar, Achir, Courtois, Trezzani, & Tryam,
2008). The oil uptake in the three cultivars aftging at different temperatures is shown in FigarB.
The oil uptake decreased as the frying temperatareased from 150 to 190 °C for all tested cutdya
although this effect was more evident in previotglies (Moyano & Pedreschi, 2006; Pedreschi &
Moyano, 2005). Increasing the temperature from tb5090 °C significantly reduced the oil uptake only
for the Kennebec cultivar, as the extents of radactor the Red Pontiac and Agria cultivars weré no

great. This trend was similar to that of the aanjtie levels at different temperatures. The cori@iat
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between the oil uptake and acrylamide formation wigsificantly negative (r=-0.505, p<0.01) in all
analysed cultivars after frying. However, a mudorsger and significant correlation was found in the
Kennebec cultivar (r=-0.781, p<0.01). The crustnfation during frying may promote lesser losses of

water and then, acrylamide diffusion across thetpotissue may be possible—weak-correlations- were

rs. Oil uptake
reduction is also very important when frying potatdps. Therefore, the relationship between the oi
uptake and the acrylamide formation necessitataswe find an optimum frying condition to obtain

lower levels of both acrylamide content and oilaket

3.2.2. Moisture content, oil uptake and acrylamide forimati
The difference in the moisture content betweenciiiévars and temperatures was not great-{Figdre 5)
because decreasing the temperature necessitatessimg the frying time, resulting in similar final
moisture content. However, the moisture conteghsly increased with the temperature from 150 t0 19
°C, ranging from 572 to 697 g-kgwhich was coincident with those reported by Pschieand Moyano
(2005). Amrein, Limacher, Conde-Petit, Amado, arstHer (2006) reported a strong effect of the
moisture content on the activation energy of aomdle formation, which explains why lower

temperatures for longer times are known to yieldeloacrylamide levels in the final produet—t-wsaso

strong correlations were found in the Kennebec.@28, p<0.01) and Red Pontiac (r=0.595, p<0.05)

cultivars.

Gamble, Rice, and Selman (1987) found that moidtss and oil uptake are interrelated, and both are
linear functions of the square root of the fryifmd. In addition, Ziaiifar et al. (2008) reportdtht the
more water is removed from the surface, the mdrés @bsorbed—Fhe-moisture-content-in-thisstigdy |

lost—Fhaatations
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However, A significant negative correlation was rfduin the Kennebec cultivar (r=-0.778, p<0.05),

which is in agreement with the report by South&iinpdong, and Farid (2004). As a result, the othip
tends to decrease as the final moisture contergases during frying, which is in agreement witheot
studies (Gamble et al., 1987; Ziaiifar et al., 20@8wever, the results also showed that there neag
characteristic curve of oil uptake against moistoatent, and the curves for the different culvaray

be distinct.

3.3.Correlations of acrylamide formation and oil uptaki¢h instrumental sensory parameters: colour
and texture

3.3.1. Colour, acrylamide formation and oil uptake

The colour values are shown in Figure 3. In oureeixpent, the final colour of the French fries was
visually classified between the standard 2 and SO0, 1988). The L* and H values tended to decrease
and the b* and C values increased compared to thigjinal values in the Red Pontiac and Kennebec
cultivars, but the change of colour in the Agridtigar between the fresh and fried potato strips wa
slight, which may be due to the reducing sugaremnin the fresh potatoes. L* tends to decreagbes
frying temperature is increased from 150 to 190 W&ich means that the potato strips get darker. b*
refers to the yellowness, and b* and C (positialgrelated with the colour parameters of a* andtbid

to increase, which proves that the frying strips gwre red and yellow as the frying temperature
increases; the H value decreased as the fryingaernpe increased. However, Table 2 shows that the
colour parameters presented significant correlatioith the acrylamide content of the potato cutsva
The correlation in all cultivars between the L* waland acrylamide content was significant and mesgyat
(r=-0.586, p<0.01), while the b* and C values pnésé positive significant correlations with the
acrylamide content for all tested cultivars (r=@4&hd 0.479, p<0.05, respectively). However, the H

values showed no significant correlations with #loeylamide content in all cultivars. Furthermotee t
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369 lightness of the frying strips decreased as thgl@oide formation increased, which was attributethie
370  potato strips getting darker as a result of Mailleeactions, while the changing of the C and H edl(C
371 increased and H decreased) as the frying temperatareased is because of the Maillard non-enzymati

372  reaction development (Pedreschi et al., 2006).

373  The oil uptake vs. colour parameters in potatovans fried at 150, 170 and 190 °C are shown indab

374  There is clear effect of the colour parameter &l the oil uptake in the cultivars: the L* and/&élues
375 showed good correlations with the oil uptake (r38.And 0.569, p<0.01, respectively); the b* and C

376  values showed negative and no significant cortatiwith the oil uptake in all cultivars—Fhis-shothat

377  thecolourofthe fryingstrips-gets-darkerasaikes-taken-up.

378 3.3.2. Texture parameters, acrylamide formation and dihke

379  The textural changes in the potato cultivars faed50, 170 and 190 °C are shown in Figure 4. Cozadpa

380 to the textural values of fresh potatoes (Tabletli®, shear force, hardness and chewiness decreased
381  significantly, and the changes in the springinesd aohesiveness were slight. The shear force and
382  hardness decreased because of the starch gelaimizand lamella media solubilisation during frying
383 (Andersson, Gekas, Lind, Oliveira, & Oste, 1994heTdifference in the textural values between the
384  different temperatures was not significant, whishattributed to the higher temperature necesgitatin

385  shorter frying time, affecting the final texturadlues.

386  Only the shear force of the textural parametersemied a positive significant correlation with the

387 acrylamide content (r=0.749, p<0.04)-but-a-netificant-and-negative-correlation(r=-0-375,p=054
388  with-oiluptake-in-thecultivars{Table 2). The atge and significant correlation of L* with the esdr

389 force was found in all cultivars after frying (r=6@8, p<0.01). In addition, there were negative
390 significant correlations between L* and the sheacd in the Red Pontiac and Kennebec cultivars (r=-

391 0.777 and -0.439, p<0.05, respectively).
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Therefore, when frying at 190 °C, the potato stigse harder and darker and contained less oil and
higher acrylamide levels than potato strips fried20 °C in all cultivars, which agreed with Pedfés

and Moyano. (2005).

4. Conclusions
The composition of the fresh potato cultivar is ghignary factor in the formation of acrylamide. Fny
temperature is also relevant. Frying potato staip&90 °C resulted in more acrylamide, less oibkipt
more moisture, and darker and harder strips thasetfried at 150 °C. However, apart from the retyci
sugars and asparagine, there are otherfactorstasgféecting the acrylamide formation. In curems

study, sucrose and oil uptake may play a role & fthal concentration of acrylamide—Fer-the-Agria

may—cause—acrylamide—production. According to asults, fried strips at 170-190°C, that contained

moisture and oil uptake higher than 650 and 15@§-tespectively, may give rise to higher contents of
acrylamide. However, for the cultivars with loweducing sugars content (Agria), it may be posshée

the hydrolysis of sucrose during the frying prodessl to increase the acrylamide content-Addillgna

and-harderstrips-than-thesefried—-at-150 °C. Taificant correlations obtained between colourd an

texture, colour and oil uptake and texture and laomide content indicate the intrinsic relationship
between the properties of the fried potato stripd e acrylamide content. Further studies are etted
with potatoes that contain low sugar content toficwnthese relationships and establish the possible
limitations of the frying process, regarding theytamide content. On the other hand, the estimadion

the acrylamide content on low sugar content posafimam the instrumental properties of the friedapot

strips may be a possibility.
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Tablel. Texture, asparagine and sugars content of freigpsamples

Texture parameters Sugars (g.kg FW)

Cultivar L Asparagine
Shearforce  Hardness  Springiness Cohesiveness Chewiness (g.kg!FW) Fructose Glucose Sucrose
(N) (N) (mm) (N.mm)
Kennebec 31.22+2.34a 227.20+3.90a 0.61+0.10a 0.020 15.41+1.37a 2.03+0.08c 0.85+0.02b 1.26+0.02t874D.05b
Ilzggtiac 30.15+1.09a 265.31+5.62a 0.53+0.08a 0.15+0.0l1a 022.82a 2.54+0.13b 1.76+0.03a 3.14+0.15a 1.48+0.04a
Agria 35.40+2.16a 230.20+4.70a 0.54+0.10a 0.1444b01 13.95+#2.88a 3.21+0.04a 0.69+0.0lb 0.69+0.01c 1+D.B6a

Values are expressed aanmvalues * standard deviations.
One-way balance ANOVA hyrRey’s test was performed and the mean valuesdiffterent small letters are significant in colun(f’s<0.05).



Table 2. Pearson correlations between the studied factors

Acrylamide Oil uptake
Asparagine 0.423* -
Fructose 0.621** -
Glucose 0.663** -
Sucrose 0.699** -
Reducing sugar 0.652** -
Oil uptake -0.505** -
Moisture -0.163 -0.224
L* -0.586** 0.738**
b* 0.420* -0.026
C 0.479* -0.007
H -0.284 0.569**
Shear force 0.749** -0.375

Significant values are expressed:<*f.05, *p<<0.01.



Figure captions

Figure 1. Acrylamide levels (A) and Oil uptake (B) of fried potato cultivars prepared by different temperatures.
a-c: Means with different small letters are significant (p<0.05) in different cultivars at same temperature. A-C:

Means with different capitals are significant (p<0.05) in different temperatures at same cultivar.

Figure2. Acrylamidelevelsvs. asparagine (A) and Acrylamide levels vs. reducing sugar content (B) for fried
potato cultivars prepared by different temperatures.

Figure 3. The colour parameters (L*, b*,C and H) of potato cultivars at different frying conditions. a-c: Means
with different small letters are significant (p<0.05) in different cultivars at same temperature. A-D: Meanswith

different capitals are significant (p<0.05) in different temperatures at same cultivar.

Figure4. Textura analysis parametersfor different potato cultivars (A/Kennebec; B/Red Pontiac; C/Agria)
caused by different frying conditions.
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Highlights

French fries exhibited more acrylamide content when the frying temperature increased

The hydrolysis of sucrose during frying may produce acrylamide

The contribution of oil uptake in the acrylamide formation should not be neglected

Colour and texture may be related to acrylamide in low sugar content potatoes



