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Abstract: Problem statement: The influence of edible methyl cellulose coatingl lanching pre-
treatment in reducing oil uptake and moisture ldssing frying of starchy dough system was
investigated Approach: Potato dough cylinder of 60 mm length and 22 mamditer was used as a
model food system. Samples were coated with 0.5%hyheellulose film-forming solution and
uncoated samples were used as control. Compartkek toontrol samples, a reduction of 80% in oil
uptake was achieved, with an increase in fryingpemature decreasing the oil uptake due to the gel
formation of methyl cellulose which was enhancedhigher temperaturefResults. No effect of
methyl cellulose coating on the final moisture emtwas observed. The effect of methyl cellulose
coating on structural properties (diameter, lengtiume and bulk density) was also examined. The
results showed that methyl cellulose coating hasigaificant effect on dimensional and density
changes, as it enhanced the formation of crustlingato a buildup in pressure within the cylinder,
which in turn caused considerable puffing of thengke. Conclusion: Blanching pre-treatment
(100°C, 5 min) was found to be effective in redadihe oil content of the potato dough samples.

Key words: Edible coating, methyl cellulose, blanching, deapirying, starch system, physical
properties

INTRODUCTION potatoes, the moisture content decreases from
approximately 80-2%. This high removal inevitably
One of the primary objectives of food processig i leads to a considerable oil uptake which amounts to
to increase food palatability. Deep fat frying isigely  about 35-45% of the chip mass; this high consumptio
used method for preparing foods with an attractimd  of fat is a key dietary contributor to high blood
tasty surface. The soft and moist interior alonthwihe  cholesterol, high blood pressure, coronary heart
porous crispy crust provides increased palatabttity diseases and conducive to obédSityHence, due to
foodd*®. Deep-fat fried food constitutes a major part ofconsumer health concerns and the trend toward
daily food consumptidffl. French fried potatoes healthier and low-fat food products, intensive azsh
represent one of the major items in the food markethas been undertaken to reduce the amount of fat
either as a processed product or as a frozen jeaf*f. absorbed in the fried foods. Various factors affinet
However, during deep fat frying of French fried quality of the fried product, such as temperaturéhe
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heated oil, frying duration, frying oil volume, tgp of  Pedreschet al.*”) also reported that penetrated surface
oil, product composition, shape, porosity, moistureoil constituted the highest fraction of the total o
content and pre-treatment of the food proB?}/ct content, confirming that oil absorption in potatops is
Early results obtained by Pravisani and CaK&lo mainly a surface phenomenon.
showed that oil content was independent on thedryi Moreiraet al.*® exhibit the effect of frying time on
temperature, range between 155 and 200°C. Thithe moisture content of tortilla chip. They eludeth
result is in agreement with Gambet al.*** and that although the result shows a moisture decrease
Moreira et al.*¥ who studied the effect of different along the frying period (60 sec); tortilla chipsses
frying temperatures on potato crisps, tortilla ship most of its moisture content within the first 1% .s€his
plantain slice and plantain slices, respectiveljie T observation was in agreement with the work o
former found that although the early stages ofnfyyi Diaz et al.®! who reported a similar trend when
showed the lower oil temperature resulted in losér examining the moisture loss in the frying of diffat
content, but the overall oil content is temperaturetypes of plantain for different frying time. Thegund
independent within the oil temperature examinedthat the drop in moisture content was higher dutirey
However, Lisinska and LeszczynéRi found out that first 90 sec frying than with the long frying time.
potato chips fried at higher oil temperature foshert Many approaches to reduce oil absorption in fried
period of time contain less oil than those friedoater  products have been reported in the literature, lwvhie
temperatures. Moyano and Pedreé®hiound out that focused on cooking technology (time/temperature),
oil uptake increased approximately by 32% as thengredients addition (chemical compounds) and pre-
frying temperature decreased from 180 to 120°C atreatment (pre-drying, osmotic pre-treatment and
moisture contentl g water/g dry solid. They also blanching?. Bungeret al.!*! reported that potato strips
reported that oil uptake was high even for shoiinfy  soaked in 3% NacCl solution for 50 min prior to frgi
times at the different temperatures tested (120:@B0 significantly reduced oil uptake from 0.13-0.10 ifgp
suggesting that oil wetting is an important mechani dry matter. However, soaking had no effect on nooést
oil uptake during frying. Ufheil and Esch&t loss during deep fat frying. Rubnov and Satjipdded
confirmed experimentally, that most of the oil is fructose to restructured potato samples which teduh
absorbed when the product is removed from theath b a change of the surface properties, with a reduaio
and suggested that oil uptake is primarily a sarfac absorbed oil. Krokidaet al.”” examined the use of
phenomenon. Moreirat al.* also found that most of osmotic dehydration as a pre-treatment to prodoge |
the oil penetrates within the structure of a tlartdhip  fat French fries, where four types of solutionsgésu
during the post-frying cooling period and not dgrin NaCl, maltodextrine 12 and maltodextrine 21) wesedu
immersion. They found that only 20% of the oil is The results showed that osmotic pre-treatment deese
absorbed during the immersion period, while 64% ofoil and moisture content. Rimatal.*? investigated the
the total oil content is absorbed during post-fgyin influence of osmotic pre-treatment, using 0.5% NaCl
cooling, suggesting that oil absorption is related solution, on the oil absorption in fried potato.€Th
capillary pressure differences. Diazal.! found that results obtained have shown the pre-frying treatmen
during frying, oil uptake have two stages; thestfir considerably decreased the oil absorption by 28%. M
stage remarked as considerable oil content betWeen Tran et al.*? reported that crisp samples, soaked in
and 20 sec and the second stage was startings#c20 sugar solution (23 wt %) for 2 sec before fryingdh
which noted as a decrease in the oil uptake rateabout 30% less oil than untreated samples. However,
Pedreschit al.*”! analyzed oil penetration into potato treatment did not affect the final moisture conteht
cylinders during deep-fat frying, distinguishinglween  crisps.
the different oil fractions that are absorbed dgrihe Recently, much attention has been given to the use
process: Structural oil (absorbed during frying),of hydrocolloids (long chain polymers), especially
penetrated surface oil (surface oil suctioned dyrin cellulose derivatives, as potential solutions byriimg
cooling) and surface oil (fraction of oil that remsion  a barrier to fat absorption during the frying pre€d..
the surface). They found that only a small amodimtlo Hydrocolloids have been used as multifunctional
is absorbed as ‘structural oil' during the immensio additives in food processing. They are added tdrobn
period, since the vigorous escape of water vapoand to improve functional properties like viscosity
precludes oil migration into the porous structtifbus,  water binding capacity and emulsion stabfiity
they demonstrated that most of the oil was pickeétu Hydrocolloids are of a special interest because the
the end of the process, suggesting that oil uptai®e possess good barrier properties to oxygen, carbon
water removal are not synchronous phenomenadioxide and lipid$”. Applicable hydrocolloids include
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proteins, cellulose derivatives, alginates, pectinsFood Slicer, Kenwood, UK) to give smooth and
starches and other polysaccharites perpendicular edges. Samples were then rinsed in

Feeneyet al.*? reported the used corn zein as andistilled water to eliminate some starch material
edible coating in French fried potatoes and reploste adhering to the surface. Any surface moisture pitese
28% reduction in oil uptake. Mallikarjunan, Chinnan was adsorbed with filter paper and then weighedausi
Balasubramaniam and Phillip% found that a reduction a top-loading electronic balance (Denver Instruffient
of 59, 61 and 83% in fat uptake was observed foModel S-403) with an accuracy of +0.001 g.
samples coated with Corn Zein (CZ), HPMC and Methyl
Cellulose (MC), respectively. Rimat al.®*? mentioned ~ Osmotic pre-treatment: Potato samples were immersed
that 54% reduction in oil content was achieved byin sodium chloride (AnalaR, BDH Laboratory Supplies
blanching potato strips in 0.5% calcium chloride UK) solutions of 5, 10 and 15% (w/w) concentratfon
solution followed by immersion in 1% solution of 1, 4 and 8 h. Following the osmosis period, thepdas
Carboxymethyl Cellulose (CMC). Salvadet al.**  were removed, rinsed and then blotted with fil@per to
reported that methyl cellulose performed effecfiviel  remove surface moisture.
reducing the amount of fat absorbed in a wide taoé
battered food items (marrow, meat and squid). Syare Soaking in amylose solution: Potato samples were
Campanone, Garcia and ZaritZkgtudied the effect of soaked for 30 min in a 1.5% (w/w) solution of ansgo
edible methyl cellulose coating in reducing oilal@ (Corn Amylose, Practical Grade, Sigma, USA).
during frying of a dough system. The oil uptake Following the soaking period, the samples were
reduction was 30% for coated dough samples, with noemoved, rinsed and then blotted with filter paper
effect on the final moisture content and the qualit remove surface moisture.
such as color and texture.

On reviewing the available literature, it is evitle Dipping in surfactant: Potato samples were immersed
that extensive research has been carried out tessld in polyoxyethylene-sorbitan-monolaurate (Tween 20)
various aspects of the frying phenomena. Howeber, t (BDH Laboratory Supplies, UK) solutions of 0.1, 0.5
use of edible ingredients as a surface treatmedt arand 1% (w/w) concentration for 5 min. Following the
their effect on the oil uptake and water contenirdy  soaking period, the samples were removed, rinseld an
frying are relatively limited in the literature. &refore,  blotted with filter paper to remove surface moistur
gathering more relevant data is necessary to pmmot
knowledge, simplify and delimit the subject to someDipping in Carboxyl Methyl Cellulose (CMC)
extent. With this in mind, the aim of this studysmM®  solution: Two investigations were carried out: (i)
(1) Examine the relationship between moisture bos$ samples were immersed in a 0.05% (w/w) solution of
oil adsorption with frying temperature and time) (2 CMC (Aqualon Division, Hercules Ltd, UK.) for 5 min
Investigate the influence of edible film coating Following soaking, the samples were removed and the
(carboxymethyl cellulose) and osmotic pre-treatmenblotted with filter paper to remove surface moistu(i)
(NaCl, surface active agent, amylose) on the aiteat  samples were dried to 15% (wet basis) in a convecti
reduction and water loss phenomena during the dryinoven at 70+0.05°C, cooled and immersed in a 0.05%

of starchy food systems. (w/w) CMC solution for 5 min. Following soaking,eh
samples were removed and then blotted with filter
MATERIALSAND METHODS paper to remove surface moisture.

Potato: Potato samples (Pentland Dell variety), wereExperimental procedure: The frying experiments
stored in darkness at 4+0.5°C before processinterAf were performed in a commercial deep fat fryer
stabilizing at room temperature for at least 24ibrgo  (Kenwood) with temperature controller of +1°C. The
use, the potato samples peeled, thoroughly cleanedjl temperature was also monitored using a type K
washed and then trimmed, samples of the appropriathermocouple (Omega Engineering). The fryer was
size were cut using a cylindrical stainless stéel The  filled with 2 | of sunflower oil and set to one tie
samples were taken from the central medulla region required operating temperatures (135, 150, 165 and
the potato, due to the existence of a more unifoeth  180°C). The oil was preheated for approximately bne
structure. The samples were all cored along thé prior to frying to ensure steady-state conditioAs
longitudinal axis in order to provide one morphatay  pre-weighed, single cylindrical sample was then
cell structure. The cored sample (16£0.5 mm leagith  positioned on a metal mesh basket, immersed iahe
19 mm diameter) was then trimmed on a slicer (SL40®il and fried for a predetermined period of time5(0
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1.5, 3, 45, 6, 7.5, 9 and 10.5 min) to determine t data were most accurately fitted to an exponential
amount of oil uptake and water loss in the sampkes function with respect to time. In contrast, a linea
function of time. Fried samples were removed friwa t relationship was reported by Gambge al.**** and

unit and the excess surface oil absorbed withrfilte Reddy and Dids".

paper. Samples were then allowed to cool to room The effect of frying temperature on moisture
temperature for 5 min before moisture and oil cohte content is in agreement with numerous researchers
analysis was done, using the methods detailed én thincluding®71819:22:2430

following sections. After each frying test, oil Ewvas
checked and replenished; oil was changed afterofl h
frying time. The frying characteristics of the orical
potato samples were investigated with regard to the
operating parameters of oil temperature, fryingetim € 15] u
edible film coating and osmotic pre-treatments. Heac
experimental run was performed in triplicate.

30

dry hasis)
=
L]

il conlenl (%
.

Oil content determination: The oil content of the omt
sample was determined using soxhlet extraction ! . bcimiedy .
according to the method Aa 4-38 of the AOCS (1993). —

Samples were dried to constant weight in a vacuum
oven at 70°C prior to extraction. The dried samplesFig_ 1: Effect of emulsifier (MC) on the oil uptake
then grounded in a blender and extracted with 260 m during frying at 165°C (cylinder-60 mm length,
petroleum ether for 4 h. Petroleum ether was reeuve 22 mm diameter)

under vacuum at 60°C by a rotary evaporator. The
recovered oil was left for 24 h in a vacuum oven at
70°C and weighted.

| APotato  MPotato dough without emulsifying agent @ Potato dough with emulsifying agent ]

Moisture content determination: The moisture
content of the sample, raw or fried, was determined
gravimetrically by drying representative triplicate

"y
samples in a conventional oven at 105°C for 8130 h ! "ty .,

Muisture content (kg kg !, diy basig)

L ] L]
o+ ’
RESULTS 0 100 200 300 400 500
Frying time (sec)
Influence of methyl cellulose emulsifying agent: [ aPorate mPotato doush withous ermulsifying agent @ Potato doughwitk emulsifying agert |

Preliminary experiments were conducted using potato
dough cylinders without emulsifying agent (MC). Fig. 2: Effect of emulsifier (MC) on moisture conte
However, the sample was found to disintegrate after during frying at 165°C (cylinder-60 mm length,
frying for approximately 180 sec (at 150°C or highe 22 mm diameter)

Therefore, subsequent experiments were carried out |,

using potato dough cylinders fortified with methyl
cellulose emulsifier (0.5% w/w); the emulsifier edttas a
binder. In a preliminary study the frying charastiics

of potato dough (without emulsifier), potato doyglith
emulsifier) and potato at 165°C were compared.
Comparison of the moisture and oil contents of the
samples, as shown in Fig. 1 and 2, reveal an adde(
advantage of emulsifier addition to the dough.

03 4

00 +

Moisture content (kg kg !, dry basis)

A more in-depth series of frying experiments were 0 s 5 300 400 500
then undertaken using potato dough (with emulgifier Frying time (sec)
the raw material. As shown in Fig. 3, the experitakn | ® 135°C m150°C A 165°C x180°C |

results for the potato dough exhibited the expected
trend with respect to moisture content, i.e., thiéstare  Fig. 3: Variation in moisture content with fryingnte
loss was found to increase with increasing fryimget and temperature (potato dough cylinder-60 mm
and temperature. The experimental moisture content length, 22 mm diameter)
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Fig. 6: Effect of blanching treatment on sample oil
content during frying at 165°C (potato dough
cylinder-60 mm length, 22 mm diameter)

Fig. 4: Variation in moisture loss rate with fryitigne
and temperature (potato dough cylinder-60 mm

length, 22 mm diameter)
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Fig. 5: Variation in oil content with frying timend  Fig. 7: Effect of blanching treatment on sample
temperature (potato dough cylinder-60 mm moisture content during frying at 165°C (potato
length, 22 mm diameter) dough cylinder-60 mm length, 22 mm diameter)

The moisture loss data was further represented ipebnath et al.l’’ found that pre-fry drying had a

terms of the moisture loss rate, as shown in Fig. 4significant effect on the moisture kinetic coefiot

Three stages of moisture loss could be identifiethe during deep fat frying of chickpea flour-based snac
moisture loss rate versus time graph. food.

The corresponding oil content results for the fota
dough (with emulsifier) samples are shown in Fig. 5 Potato dough with varying initial moisture content:
The maximum oil content was observed within thetfir In order to simulate products with differing initia
60 sec, followed by a continual decrease as thagry Mmoisture content, but the same structural charatites,
progressed. potato dough samples with initial contents of 1L(h
and 2.0 kg kg (dry basis) were prepared and fried at
Influence of blanching: Blanching is a pre-treatment 165°C. The oil uptake and the moisture loss rateewe
method adopted during vegetable frying processes tsxp_ected to be higher for the samplt_a of higheriainit
enhance the frying characteristics and hence, pmdummstur_e content. The experimental oil content daea
qualitys). shown in Fig. 8.

Figure 6 shows that the oil content of the pre'fryPhysicaI properties:

blanched sample has less oil compared to the s@ndap;mensional changes. Potato dough samples were
sample (no pre-fry treatment). , fried at 135, 150, 165 and 180°C for different fiyi

As shown in Fig. 7, blanching also has a sligfé@f times and the dimensional changes (diameter and
on the final moisture content of the samples. Ti®  |ength) monitored. The diameter decreased as tierwa
agreement with the results "8 who stated that exited the potato dough. The cylinder was then edsh
blanching has an effect on the rates of moistutaaion  gently outwards by internal pressure. The resules a
of potato chips samples, due to starchtigétation.  shown in Fig. 11 and 12, respectively.
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18 During the early stage of frying, there is aniatit
16 . heating period when no water is lost. Heat is fiemned
8 4 * from the oil to the food via convection at the sgd
., - . ] and conduction through the uncooked solid and the
; o A . . temperature of the food approaches the temperafure
E A A a R vaporization of the liquid present, i.e., the food
E temperature approaches 108*C This initial, short-
S s heating phase was observed to proceed for
4 approximately 10 sec. During this period all theathe
0 50 0 150 200 entering the potato was used for sensible heatiitt,
Frving time (sec) only a small amount of expanded air leaving theymot
| ®10kgks! MISkgke? A20kgkg | Such observations are in accordance with those of

. . _ . Farka$'*" who reported that during the first stage of
Fig. 8: Effect of initial moisture content on samil  frying no evaporation of moisture occurred andHbat
content during frying at 165°C (potato dough \yas transferred in convection mode between theral

cylinder-60 mm length, 22 mm diameter) the sample. This period was followed by a suddes lo

o o . of moisture, characterized by formation of a larger
Density: The variation in the density of potato dough number of small bubbles, which form over the entire

samples during frying at different temperatures was . .
also examined, as shown in Fig. 13, where it can bgurface of the S"?‘mp'e anql Ieave‘ rapidly. Th_e rr’1ammu
observed that it falls significantly during fryingrying Water loss rate, in the period of ‘surface boiliegturs

temperature was also found to affect the densitychv ?ntcrggtsvtvaie?he3$1e:tn1ra%12?ersggéff-i|:i](lasntSun:'lgﬁ u'?noilmg
decreases with increasing temperature, at a gimen t , Wi

allows more heat to be transferred to the foodtlfier
DISCUSSION vaporization of watéf". The rate of moisture loss was
then observed to fall as the sample crust thicketie
As shown in Fig. 1, the presence of emulsifiermoisture driving force and moisture content deaeeas
resulted in a significant decrease in the oil contf  The formation of water vapor bubbles becomes
the sample. This may be attributed to the fact thalimited to a relatively small number of formatioies.
following gelatinization, which takes place after It is probable that these sites represent weak or
approximately 30 sec, the emulsifier acts as aitiba =~ damaged areas of the potato dough. It is worthy of
The insoluble, oil gel formed causes the oil tdudié in  note that qualitative evaluation of the operatiriy o
a counter direction (from the inside to the outsifithe  temperature could be carried out by observing the
food). Although the emulsifier accelerated thevolume of bubbles being formed during the early
formation of the crust, as revealed visually, thigst  stages of frying.
offers a barrier for oil penetration in comparigonthe The water loss rate decreases gradually until the
crust formed on sample without emulsifier (this hasbubble end point is reached and the potato doughatva
properties favorable to oil uptake). The final @intent its equilibrium moisture content (after approxintgte
of the dough (with emulsifier) was found to be 120 sec of frying time at 165°C). This is in agresm
comparable to that of the potato sample. This is imwith”?*??l who reported that the initial moisture loss
agreement witf®1317:23283234 o also reported the was rapid and this was followed by a constant rate
barrier effect which a crust has on oil uptake. drying period.
As shown in Fig. 2, the presence of emulsifier had  During the first 60 sec of frying the oil repladee
a negative effect on the moisture loss from thegtiou lost moisture, however, as the frying progresses th
sample. No effect on the final moisture content wasnethylcellulose begins to gelatinize forming a learr
observed. On comparison of potato and potato dougfprotective layer) on the cylinder surface, thus
moisture loss curves, it can be seen that theivelat restricting further oil uptake. The dependence f o
degree of moisture loss is much lower for the motat uptake on temperature is opposite to that observed
dough. This could be attributed to the sample streg  during the frying of potato, with an increase igitfig
with the dough samples having a decreased number témperature decreasing the oil uptake.
pores through which moisture can escape, compared For low frying temperatures (below 135°C),
with potato and also due to the properties of theting  although the oil temperature is sufficient to erdeathe
film. Methyl cellulose coating film acted as praige  effect of methyl cellulose (gel formation), a camta
layer reducing material loss from the surfate amount of oil is still allowed to diffuse into the
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cylinder. However, at high frying temperatures (X560 Table 1: Moisture loss equation an8ifer data plotted in Fig. 9
and above) gel formation of methyl cellulose wi b Initial moisture content (kg kg dry basis) Equation* R
enhanced, resulting in less oil entering the samplel'0 y=0.937€-0.002t  0.934
From frying temperatures greater than 150°C theg'5 y=1.42e-0.002 0.934
' .0 y = 1.92e-0.002t 0.968

barrier formed causes a buildup of internal pressur = Equation: y: ta x exp (-bt) where, y: Sample stare content
leading to the sample ‘exploding’ after a period of (kg kg™, dry basis); t: Frying time (sec)
approximately 420 sec. Lower oil content duringrfgy
at a higher temperatures is in accordance with the =
results of>273%

This is due to the blanching effect on potato doug
structure. Gelatinization of the potato dough prior

frying enhanced the resistance to oil uptake. Tifdy be 2 " \K.\N-\:
due to gel formation decreasingéthe pores on tlie[de?r E
21 3
s

/
[

surface. Selman and HopKii%s Lamberget al.
Debnathet al.l”!, Rimacet al.®¥ and Pedreschi and
Moyand®® also found that pre-drying increases the
crispness dramatically and significantly reducess afi 0 50 S A 200
absorption of the blanched potato slices aftenfyyi B

The oil content at a given time was higher for | ®lokgke! WisSkgke! A20kgkg! |
samples with lower initial moisture content. Thesdue ] o )
to crust formation and its favorable oil uptake Fig. 9: Effect of initial moisture content on sampl
characteristics. The 1.0 kg Rgsample has the lowest moisture content during frying at 165°C (potato
moisture content, thus crust formation was fastet a dough cylinder-60 mm length, 22 mm diameter)
therefore, oil uptake was higher. Therefore, it idou
appear that the effect of crust, which was enhaiged
the addition of methylcellulose, had the greatdeaf

than sample moisture content on the oil uptake ’ . * . .
characteristics. The corresponding moisture lods da 0.1 .

and equations are shown in Fig. 9 and Table 1.1Give

that the moisture content plots display similantie as o . 4 . . r

confirmed by ‘b’ values of equal magnitude (Tabje 1
this indicates that the moisture loss rate is rfifgcted
significantly by initial moisture content. om - - -
At a given frying time, the final moisture contést ’ * Frving thme sec) e
dependent on the initial moisture content and {yin '
conditions. Therefore, to eliminate the effecttw tnitial | ®10kgke? Wlskske! A20kgke! |
moisture content, it is more appropriate to comphes ] ) o ] o ]
experimental data by adopting the parameter, citerd Fig. 10: O|_I content criterion against frylng tinderring
criterion (k). This parameter is defined as the amount of frying at 165°C (potato dough cylinder-60 mm
oil uptake (g) divided by the amount of water I¢g}. length, 22 mm diameter)

The experimental data were recalculated on thissbas _ ) )
and the results are shown in Fig. 10. Visual observations were carried out on each

The initial moisture content of the potato doughSample after frying, by cutting through sample sros
significantly affected the oil content criterion.h@  Section to observe the internal structure. Thetatea
lower initial moisture content resulted in a higtwer  (very rigid texture) was clearly distinguished frahe
uptake to water loss ratio. The higher initial maie ~ inner core of the sample which was completely
content results in pores of smaller radius beimgnéml  gelatinized and rubbery in texture. This observatias
during frying due to the higher water diffusiong@f. ~ used to explain the similarities in the moistureslo
Materials with a lower initial moisture content afly  trend during frying at different moisture contentda
have higher porosity and have a greater tendency talso different frying temperatures, due to the ctfief
build up pressure within the pores during fryingus  methyl cellulose. The moisture loss was evenly
causing an enlargement of the pore size whichtesul distributed over the cylinder (visual evidenced foe
a lower pressure drop for oil absorption, partidyla bubbles) and the oil was forced to locate just withe
during coolingf. crust, since the gelatinized internal structure asarrier
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for oil penetration, along with the resistance ealuby

surface cracking occurred which led to no internal

the space between the crust and the gelatinizeztday buildup and hence no visible puffing effect (elh0°C
However, the higher initial moisture content dethye diameter result).

the formation of the crust layer. Mallikarjunanal .**
stated that moisture removal and consequent fatkapt
occur mainly in the crust and, therefore, the afl¢he
edible film coatings in retaining moisture and reidg
fat uptake was limited only to the surface.

This is in agreement wif#?**?7who reported
that crust is the domain of interest regarding oil
penetration since oil deposition during the frying
process is mostly limited to the crust region.

As shown, the diameter of the potato dough sample
was found to decrease at the onset of frying,
irrespective of the frying temperature, due to the
moisture evaporation. It was expected that the dtam
would continue to decrease as the frying progresseq:.
however, the diameter was found, in fact, to inseea '9
This may be attributed to the presence of methyl
cellulose, which gelatinizes during frying to foran
solid structure. Although the potato dough losses a
significant portion of its water content, the solid
matrix remains fixed and it is this structure that
ensures that dimensional changes are small.
Methylcellulose has the further function of enhaugci
the formation of crust which leads to a buildup in
pressure within the cylinder which in turn causes
considerable puffing of the sample. This is reveale
through the excluded samples when they had irregula
puffing in certain places over the cylinder suriace
in certain cases of sample explosion. Figure 1b als
shows that the effect of time on the diameter ckang
was more significant than the effect of tempergture
however, the effect of temperature was signifioamt
sample length (Fig. 12).

The increase in length is attributed to the
proportionately large degree of water movement iwith
the sample in the axial direction toward the cyénd
ends (visual evidence for moisture evaporation)cthi
caused them to swell. Therefore, the increase in
cylinder length is due to swelling at each end. As
shown in Fig. 12, sample length decreased durieg th
first 30 sec of frying, irrespective of frying teemature
(135°C continued to decrease during the first 1&).s
As previously mentioned, the rate of moisture Ipss
unit area is greater in axial ends than the radial
direction. The water movement within the sample
towards the two ends created a certain pressutbeon
internal side of the two plat ends which changexfidt
end to a significant concave shape. Therefore, the;j
sample length increased. The increase in lengthbeay
partially attributed to crust development. In sorases,
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Table 2: Equation and’Ror data plotted in Fig. 14 irrespective of the frying temperature and the abse
Frying temperature (°C) Equation* 2R of a crust. After 90 sec frying (for a temperaturie
135 y = 0.320e-0.576x 0.890 165°C) the crusts start forming (the equivalert28°C

150 y = 0.343e-0.518x 0974 s 180 sec) and thus an internal gradient pressae
165 y =0.238e-0.745x 0976  formed, hence, the volume exhibits an increase

180 y = 0.303e-0.613x 0.958 ' ' :

*Equation: y: #a x exp (-bx), where, y: Bulk degsiig cmi®), x:
Sample moisture content (kg kgdry basis)

The results are in contrast to thosé>Tf who

volume during frying. However, Krokidaet al.””
reported that as the drying time increases, theifpe
volume of French fries samples decreases, whicmsnea*

that the shrinkage phenomenon gets more intense.

Kawas and Moreit¥! and Taiwo and Baf# reported

an increase in the diameter, thickness and voluitie w
time during the frying of tortilla chips and sweet *
potatoes, respectively.

The relationship between moisture content and
density was also determined; as moisture content
increased the bulk density increased exponentialiy,
revealed in Fig. 14 and Table 2. However, it hasnbe *
mentioned that, while there were slight changethén
dimensions of the potato dough cylinder duringrfgyi
the mass of the cylinder decreases considerably.
Therefore, the changes in density can be considered
be controlled by the amount of moisture loss rather
than dimensional variations. This finding is in
agreement with Krokidaet al.*®, Kawas and
Moreird*® and Taiwo and Bai®! who reported a
decrease in bulk density as moisture content deedea °
during frying of French fries, potato, tortilla @lsi and
sweet potatoes, respectively.

Figure 15 shows the variation in volume during the
frying process. During the first 30 sec the volumes
decreased slightly due to the evaporation vedter,
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CONCLUSION

The following conclusions can be stated from the

reported no changes in restructured potato sampl@resent research in wh_|ch.fry|ng of coated staricioyl
systems has been studied:

Methyl cellulose emulsifier has been shown to be
capable of significantly reducing the amount of oil
uptake during frying of potato dough with a negativ
effect on the moisture loss from the dough sample
The dependence of oil uptake on temperature is
opposite to expectations, with an increase in ffyin
temperature decreasing the oil uptake. Increasing
temperature increased the gel formation of methyl
cellulose, resulting in less oil entering the sampl
Blanching  pre-treatment  process  affected
significantly oil uptake process. Gelatinization of
the potato dough sample, prior to frying, decreased
the pores on the surface and hence, enhanced the
resistance to oil pick up

The oil content at a given time was higher for
samples with lower initial moisture content. Tl8s i
due, to crust formation and its favorable oil ugtak
characteristics

The effect of crust, which was enhanced by the
addition of methylcellulose, had the greater effect
than sample moisture content on the oil uptake
characteristics

The structural properties were also affected by
methyl cellulose coating, which increased the
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diameter and the length of the sample, while thelO.

density decreased with time and temperature
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