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Abstract. The aim of the conducted investigatiors wadetermine of the effect of different
frying temperatures and drying methods (in hotflaiv and microwave-convective at 240W, 360W
and 480W) on fat content, texture, colour and sgngmperties of potato chips. The material for our
investigation were potato chips fried in palm aitree temperature of 155°C and 175°C to 3% of mois-
ture and then post-dried using different methoda tooisture level below 2%. Control sample were
potato chips fried to less than 2% moisture. Tlhieiong parameters were the subject of determina-
tion: moisture, fat content, texture — using thstrion 5544 apparatus, colour — by Minolta CR-200
colorimeter, and sensory properties (colour, flaytaste and texture — according to 1-5 point $cale
The investigations proved that application of lofrging temperature and shorter frying time follave
by post-drying produced chips with considerablyrdased fat content, increased hardness, as well as
lighter colour. The worst sensory properties wdrained in chips post-dried in hot air, while thesb
—in those microwaved at the higher power level.
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INTRODUCTION

Potato chips, one of the most popular snack preduistained from potatoes,
owe their popularity to unique sensory propertielsey are produced from thin
potato slices subjected to frying at high tempemtand should feature gold-
yellow colour, specific potato-oily taste and flavpas well as crispy and delicate
texture. Another characteristic feature is reldgivegh fat content (33-39%) (Lis-
inska and Leszcagki 1989).
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High fat content and the presence of acrylamidesulastance of potential
carcinogenic effect in humans, which originatesrfrohips frying process, have
recently led to undertaking intensive researchhenimprovement of health value
of chips (Mellema 2003; Friedman & Levin 2008). 8pé attention has been
paid to problems connected with acrylamide fornraod on elaborating meth-
ods enabling either elimination or at least a rédanan the amount of this harm-
ful compound in ready products. A number of sohsgidave been proposed re-
garding the application of many blanching solutiagngoduction of pre-drying of
potato slices before frying, or the use of vacuuyers (Friedman and Levin
2008). Although those proposals were effectiveasab acrylamide content re-
duction is concerned, they often resulted in warsgnof other properties and they
were too expensive or time consuming to be usquantice. Therefore, the first
modification introduced on the industrial scale \Wwasering of the temperature of
frying — initially to 178C. Another option can be shorter time of frying dhen
drying (post-drying) of chips to appropriate moistybelow 2%), which addi-
tionally reduces fat content in ready product (Kital. 2004). The methods of
post-drying, already analysed in previous examomati either took too long time
(convection drying), or caused significant deteimm of the properties of the
resulting chips (vacuum drying and microwave—vaculnying) (Kita & Figiel
2008). An alternative method of post-drying carthmeapplication of microwaves
in convection (Portegt al. 1973).

The aim of this work was assessment of the effeftying temperature and
different methods of post-drying (in hot air flomdamicrowave-convection) on
fat content, texture, colour and sensory propedfgmtato chips.

MATERIALS AND METHODS

Potatoes of cv. Karlena were used for laboratotgtpachips production. After
washing and peeling (carborundum peeler, Sirmaly)Jtthe potatoes were cut into
slices of 1.6£0.1 mm in thickness (slicing machiMa-Ga 250.6, Poland), washed
in cold water, superficially dried (paper towelgddried in a fryer (Beckers, Italy)
until the moisture content was 3% and below 2%. pbiato chips were fried in
palm oil heated to 156 and 178C. After removing from the oil and cooling, po-
tato chips with moisture content higher than 2%ewgwst-dried using convective
dryer and microwave-convective dryer at three pdesls of 240 W, 360 W and
480 W (Plazmatronika, Poland). Next, 100 g sampfgsotato chips were packed
in aluminium foil packages and taken for laboratanalysis. All experiments
were performed in triplicates and the results shawthe present paper are the
mean values obtained in the investigation.
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Moisture content in potato chips was determineddiyyng 2g homogenized
samples in a hot air oven at 205or 2h (AOAC). Fat content of potato chips was
estimated using the Soxhlet procedure (AOAC). e extracted applying a Bichi
B-811 Universal extraction system (Buchi LabortechhG, Flawil, Switzerland).

A 2g sample was extracted for 180 min with die#tjler used as a solvent.

The texture of potato chips was determined usingnation 5544 connected
to a computer and equipped with a “share bladagciangular attachment for
cutting (70 mm x 3 mm). The velocity of the headhwthe attachment was 250
mm/min with a 2 kN load cell. The measurements waken for determining
maximum shear forceF{..) necessary to cut one slice of potato chips. Each
measurement was conducted on 30 potato chips ¢Kaa2007).

The colour of potato chips was assessed with teeofi® Minolta Chroma
Meter CR-200 Reflectance system. The device issamiulus colorimeter which
measures four specific wavelengths in the visialege, as specified by the Co-
mission Internationale de I'Esclairage (CIE). Tinsilus data supply a three-
dimensional value to equal perceived colour diffiees. The*, a*, andb* val-
ues are three dimensions of a measured colour vgnveha specific colour value
of the material. Th&* value represents light-dark spectrum with a ramgmfO
(black) to 100 (white). Tha* value represents green-red spectrum with the range
from -60 (green) to +60 (red). Th value represents blue-yellow spectrum with
the range from -60 (blue) to +60 (yellow). The meaments were conducted
after milling potato chips to uniform grind size &6 g chips samples from all
frying and post-drying conditions (Papadadtisl., 2000).

The sensory qualities — colour, flavour, odour tadure - were assessed ac-
cording to the five-grade scale (5 points — thd,ldepoint — the worst).

One-way analysis of variance was used for compaa$ahe results obtained
with fat content and texture of potato chips. Hoemamus groups were determined
using the Duncan test<f.05). The data were analysed using the Statitiga
software.

RESULTS AND DISCUSSION

Figure 1 presents the fat content in potato chipsl fat two temperatures and
post-dried according to the convection or microwewavection method. Lower-
ing of frying temperature from 176 to 155C resulted in higher fat content in
chips (on average by 3%). Similar relations wertaioled in other experiments
where chips were fried in different oils and affeliént temperatures (Kitet al.
2007). Shortening of frying time followed by posismg lowered the fat content
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in the final product by another 3% on average. pwsameters of post-drying did
not affect the fat content in chips. In previoupenments involving the applica-
tion of the vacuum method and the vacuum-microwae¢hod to post-drying,
fat loses were observed as side effects (Kita agie|l2008).
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Fig. 1. Fat uptake of potato chips fried at different temgpures and next post-dried using convec-
tive (C) or microwave-convective (M) methods

The temperature of frying, as well as the pararsatépost-drying, did influ-
ence the resulting chips texture (Fig. 2.). Chimsvjpusly fried at lower tempera-
ture and subjected to post-drying exhibited hateeture in comparison to those
fried at 178C. Similar results were reported by other authdne wompared the
effect of frying temperature on potato chips tegt(Gambleet al. 1987; Kitaet
al. 2007). Application of post-drying influenced chipardness. The hardest tex-
ture was exhibited by chips after convection metbbgdost-drying or the micro-
wave one at power of 240 W. Yet, as the power afrowave post-drying in-
creased, hardness of chips decreased. The mosatdeiexture, similar to that of
chips obtained without post-drying, was featuredchips post-dried in micro-
waves at the power of 480W. In another experimevilving comparison of the
effects of other drying methods on chips textuhe latter one was harder as
compared to chips obtained without post-dryingardess of the method applied
(Kita and Figiel 2008).
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Fig. 2. Texture of potato chips fried at different temperas and next post-dried using convective
(C) or microwave-convective (M) methods

Introduction of shorter frying time followed by geadrying influenced the col-
our of resulting chips (Fig. 3-5). Chips were ggjtiighter (*) as the power of
microwaves used for post-drying increased. Whigetémperature of frying did not
affect chips colour when traditional or convectimethod of obtaining chips was
applied, in the case of the microwave-convectiothow of post-drying the chips
previously fried at lower temperature featured iicgmtly lighter colour. Similar
relations were reported when the remaining parasetiecolour were concerned.
Introduction of post-drying resulted in a decremsthe value of parameter and
the least significant changes were observed inschgst-dried by the convection
method (at 17%), while the most pronounced changes were recdatethe mi-
crowave method of post-drying, at the highest po@80 W). The values of pa-
rametetb* increased as microwave power increased (Fig. 5).

The influence of thermal parameters on chips coleas also observed by
other authors. Pedresattial. (2007), frying chips at different temperaturesQ-12
18C°C), observed that the colour of chips was gettigigtér as the temperature of
frying decreased. Additional lighter shade of chgmdour was observed when
pre-drying of potato slices was introduced befoyeng. Tronsocoet al. (2009)
confirmed these observation results while potaipscivere fried using the tradi-
tional and vacuum methods.
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Fig. 3. Colour (L*) of potato chips fried at different t@eratures and next post-dried using convec-
tive (C) or microwave-convective (M) methods
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Fig. 5. Colour (b*) of potato chips fried at different tperatures and next post-dried using convec-
tive (C) or microwave-convective (M) methods
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The results of total sensory assessment of chpslwn in Figure 6. The
temperature of frying had no significant effect dmps quality parameters, al-
though slightly higher notes were obtained by cHijpesd at higher temperature.
Application of post-drying worsened the quality afips obtained. The lowest
notes were obtained by chips post-dried in hotoairusing the microwave-
convection method at the lowest microwave powef (24. The quality of chips
increased as microwave power increased. In anettpriment, when chips were
post-dried by the vacuum or microwave-vacuum metlagplication of post-
drying did result in worsening of the quality ofigh (Kita & Figiel 2008). Simi-
larly, application of pre-drying prior to frying dliworsen the quality of chips
(Tronsoccet al. 2009).

CONCLUSIONS

1. Application of lower frying temperature and deorfrying time followed
by post-drying considerably decreased fat contefihally produced chips.

2. Chips obtained using the post-drying processewararacterised by
harder texture as compared to those fried in Hdittonal way.

3. The hardness decreased with increase in therpewa in microwave-
convective post-drying.

4. Post-drying affected chips colour which was tigghthan that of chips
fried in the traditional process.

5. Among chips obtained using post-drying, chipstyiied in hot air fea-
tured the worst sensory properties, while the best observed in chips micro-
waved at the higher power level.
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Streszczenie. Celem przeprowadzonych haado okrelenie wptywu temperatury sma-
zenia i rénych metod dosuszania (w przeptywie cieptego pawaei mikrofalowo-konwekcyjnie)
na zawart& tluszczu, konsystengj barwe i cechy organoleptyczne czipséw ziemniaczanych.
Materiatem aytym do bada byty czipsy ziemniaczane stmme w oleju palmowym o temperaturze
155°C i 175'C do wilgotndgci 3%, a nagpnie dosuszane tymi metodami do wilgotri@i ponizej
2%. Prole kontrolm stanowity czipsy ziemniaczane ustmae do wilgotnéci ponizej 2%. W czip-
sach oznaczano: wilgotéi zawarté¢ ttuszczu, konsystengi- przy wyciu aparatu typu Instron 5544,
barwe — przy uyciu kolorymetru Minolta CR-200 oraz cechy orgapdyezne: barw, smak, zapach
i konsysteng — wedtug skali punktowej (1-5 pkt.) Stwierdzone,zastosowanie 18zej temperatury
i skrécenie czasu srzenia a nagpnie dosuszanie czipsow obaizawarté¢ thuszczu w produkcie,
jego twardéc i rozjasnia barwe. Mikrofalowe dosuszanie przy wgzej mocy pozwala uzyskazipsy
o dobrych parametrach organoleptycznych.

Stowa kluczowe: czipsy ziemniaczane, dosuszaniwaies¢ ttuszczu, tekstura, barwa,
ocena sensoryczna



