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Effects of Frying Time and Temperature on Formation of
Acrylamide and Sensory Evaluation in French Fries
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Abstract The objective of this research was to study the effect of different frying temperatures and time conditions on
acrylamide formation, crispness, and sensory evaluations of french fries. Acrylamide concentration in french fries increased
as frying temperature and cooking time increased. The french fries treated at 165°C frying had higher crispness values than
those with other treatments. Frying treatments for 2 min 30 sec had the highest crispness values of the french fries.
Sensory evaluations in terms of color, texture, and overall acceptability, showed the better quality of french fries treated
at the frying condition of 165°C and 2 min 30 sec than with other treatments. French fries cooked at 165°C for 2 min
30 sec had not only good sensory properties in french fries, but also led to a reduction in acrylamide formation.
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WSk ofmgoluto]| =] NS ofm| At 3 59
Fo] 71 AHA] whgEPAA AAAEE HAYSe] BaEAnt
(10-12). Z22jA gstEo]l B vt AEFS J7AY we
HA A AAH oz WA= FrREQ] ofadolnpo|Es A&
AdolH, Brsta2 wol Fhstal ot @S AA et
A AFEE ZFBAY 7HAES 120°C o)/de] e
A dAE IR =E2AAES A AFETL SHATH6,13).
Park 5(14)2 JHdHS=E 79 french fries, potato chip, tortilla
chip, bread crust, crisp bread 5] 2]l ol Hotulo|=
o] &AL, A EFFvtt Tt oA opulol= A7t A E L
< B9 oplEl 22 AEY tE AFAME thFE of=E
ofuto]l = F2|7F FAEATE F, ofmdoluto|= P 2 F
FEA)E= acrolein, acrylic acid, oF7|3=Ate) oAb Fhitde] wl
oJof= Wh-3-E(maillard reaction products) 52| ofFHolrlo|= A
TA Gl oJg A Wk oft 2=, A7k HA7IES] 44, 4
F EE2S] 44 T v 7 270l ot s v
Aoz d#fA 7] W] ofFHolmol =] A F0]7] ¢
shod oheket 2719 Al tigh A3t ek Ao=m Ab
EH 3 59] B9 AF F olmdolnols Aol &
g 2 7k %, Ak met Atk xjeolzh vr] wiiEel] #A)
£ oladotnje|= #e]7|Eo] AAEe] IA Zrh(1,14).
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FUellA AH|E e FHR] FEolg e FE v=
Avciel A A=l S Hlagoes Jert 71 P07 ¥
Ho|E 7802 AREI glon, dF W 7HEY] 4
Hal ok et AAks AlFelA] s 1A $ete]d
HEE ARHE ¥EaAEA i, uths ARSsie
w WEaeA Basle] Aol ARSI A AES ¥
B2 Basie] ARgshs A ARbe Zwle] mEA B o
ol vl 7t HAES] ol ge] vk WEdAe A, Al
% 64x0.7 cm= YRS A7)2 Foslal &3 (blanching) ¥ <l
H] 2} (prefrying)dtd 27 & WEaldrh g 218 Al
WO = Alx, A, 48tk

FHY 299 FRe A8 TR Lde £l AU
sl 2 Aglox] AREE e AE A HEEFEARE]
T2 AFEY pam LYES ARESie] AES APt T2
LUE palm LY 100%E AHE-3IRC™ fryingAl AR HE
9 fryer % 70 2F AFE fryer §-F(DHA-520, Donghwa
system Co. Ltd., Seoul, Korea) &% 6.7 kgl potatos 208 g&
2 3] A3 AAEH. 2 Ao e dAl HEEFEH
A AREEE FEtelo] 71719 frEE SEtolole) Rte] gl
Hlgste] Ageiion Aol WolXH WAl wiel
Zo| 7NEex7t F43] "o 72 Y (recovered time)
o] AojA|A HER FAZReR fidsitiete A7 A, A
of EAIZE HAT & Avk. wEA fERFel diste] AP Ee] X
HolEE 2x9 A7 $AE xddl AR S viwds) sk
of BEgh 7HE 29 A7kl A Al diEFER 29
A BE 27 AR 34E olUlZ A" FHof Jlow g

I

o J

]

[e3

ARKE 342 ool Z2)7h ¢he Holof @) w7t kow
Fete A7kl HobALh EHo] Aol oy Ax, AEst F
7l sl Aziel Wold 4 itk £@ £E7b U wom
Feby Azl dold FAA Fejol AL AFHE AL B
AL WA 718 FR7t BobA HESAR 470 A3 2

QAT wEbA, 7t 2o wE ofAdopulo|E AT W3t
S 1] 98 28 30% <k 160, 165, 170 2 180°CIA frying
o, 719 A7t W ofmdolulol= YA S 245}
QA 165°ColA 28 30%, 2% 45%, 3% B9 71Hdsle] o=
doprtol = s BA4sisit

o[z Eoinlo|= EE =4

ol golulo|= F41.5 934 FDA 4] W% KFDA £4]
e 2 AR AP=EE FASATHL). £ A9S 25
A& 100 g2 9A7](Model AM-7, Nihonseiki kaisha Ltd., Tokyo,
Japan)Z #7243} - 50mL centrifuge tubedll 1gS FH 3}, W
FHF=EA9) 13C;-acrylamide(50 pg/L) 1 mL3}t S/ 9mLS ¥
3L 20%-7F shaking 3 TE 9000 rpmollA] 1587 LA E2] 51

Table 2. MRM method parameters for acrylamide

A5 pellet Akl 2F 3mLE 045 pm Maxi-spin filter tube
of &7 F 7,500 pmoll A 2i27F A4Eegich odollx 1.5 mL
< #3] OASIS HLB SPE, Varian SPE cartridgeS <3H4o =2
S#Hste] #F 1mLE HPLOMSMS RAAIERE ARg-gh),
HPLC/MS/MS] 717] B4z 74e ol Table 13} 2rom, o}=d
opulo]= #4423k MRM(multiresidue method):= Table 20l 1}
BRI okl 7171 o= Al 23S 918kl HPLC grade
waterdl] o} Holulo| =& Hrlste] 5, 25, 125, 250, 500 ppb &
5=9] standard solution®ll 13C,-acrylamide®] 50 ppb7} =%=5 37}
sto] A#ME ZAEIAT) Calibration EFEHQ of=aoln}
ol= FA9} WRIEFEZQ! 13C,acrylamide ¥|Z AZXHE H]
aste] date] Fom, standard curver AZol oHFE ol do}b
ule]= 7ol o] &=t

3A2|An =3

2|29 (crispnessy= FRIA] §E10]E texture analyzer(TA-XT2,
Stable Micro Systems Ltd., Surrey, England)E ©]-8-3}] 743}
tH(15). S#x] FEFo|= blate set(warner bratzler blade)7} 72l
texture analyzers ©|-8-3t] F|2IN)E SA AR oH olu<
cross head speed= 2 mm/secZ 33T}

JlsE "ol
7155 Hrhe FHA FEolo] A, 2AY 9
FEE A 3 FElols palm LU
B B0 Al WUXEe 75 AAS &, 3 HAlel AAIskA
5072 Hde S Z 9 point hedonic scale® 244}, F& 7+ 2
14 712xE Hrkedh 71Ex 7t oide 20-354] A
olo] A=g A  tErIAS diites Mt e
2] SFold] digk A B F7PRS WSk AAF 2
W FEX Sefole] MRS Hlwekal 3 HAl e Al
& BT 3 dof el ¥l gk § A4S kst & A%
RO HAAR] 7|E5E FrFetnh o <o zhedzhe flof
I 39 EslEdS FHaskel] fsiA g AEE HrkeE S
= YAES & b 1% A= T F AEE
Hrksln) 3 A48 HdES Hr 1A7E ARE E 0]9]9
=52 S4E A3 59 ARR-E FElES st A2 Al

o] mlg- #oehe 18, TAE AAE XS 53, 2L vig-

Table 1. HPLC/MS-MS Instrument condition

HPLC Method

1) Instrument: Waters Alliance 2795HPLC system

2) Isocratic Mobile Phase: Water (0.1% acetic acid)+5% Methanol
3) Column: Waters Altantis C18, 2.1*¥150 mm, 3 pm

4) Flow rate: 0.25 mL/min

5) Injection Volume: 20 puL.

HPLC/MS/MS Method

1) Instrument: Waters Micromass Quattro Premier Mass Spectrometer
2) Eletrospray mode with positive polarity

3) Capillary voltage=3.5 kV

4) Cone voltage=20 V

MRM transition Collision energy (eV) Dwell time (s) Delay time (s)
71.75 > 54.56 10 04 0.01
74.75 > 57.75 10 04 0.01
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Fig. 1. Concentration of acrylamide in french fries cooked at
different temperatures and duration. ““Means in the treatments
with different letters are significantly different (»<0.05). (A) French
fries cooked at 4 different frying temperatures for 2 min 30 sec; (B)
French fries cooked for 3 different times at 165°C.
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o= AAH B Brhslel, AAA ol vhS- HolF 1
B, FAE YA% 2ee 5H, 3eT 3 Folge ogowm
B7ksteick
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BAEA2 SAS(Statistical Analysis Systems) program(16)<]
GLM(General Linear Model) procedureE &35l #4313, A
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Fig. 2. Crispiness values in french fries cooked at different
temperatures and duration. ““Means in the treatments with
different letters are significantly different (»<0.05). (A) French fries
cooked at 4 different frying temperatures for 2 min 30 sec; (B)
French fries cooked for 3 different times at 165°C.
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Table 3. Sensory properties in french fries cooked at different temperatures and duration

Parameter Treatments Color Texture Opverall acceptability
160°C, 2 min 30 sec 5.3440.05°Y 5.93+0.04° 5.9540.06°
Frving & ur 165°C, 2 min 30 sec 6.53+0.09* 6.44+£0.11° 6.79+0.09*
fying tempetatute 170°C, 2 min 30 sec 6.36:0.04° 6.060.09" 6.17:£0.08"
180°C, 2 min 30 sec 5.83+0.05" 6.31+0.08™ 6.18+0.04°
165°C, 2 min 30 sec 6.65+0.08" 6.57+0.09° 6.86+0.08"
Frying time 165°C, 2 min 45 sec 6.74+0.13" 6.3440.05" 6.56+0.09
165°C, 3 min 5.88+0.06" 5.93+0.07° 5.84+0.05°

YMean+SD with different letters within the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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