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Factors Affecting Acrylamide Formation in French Fries
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Effects of frying temperature and time, presoaking in digtilled water, various pH buffer solutions, and storage
temperature of french fries on acrylamide formation were investigated. Acrylamide concentration in french fries
increased as frying temperature and time increased. Presoaking of raw potatoes in didtilled water reduced acrylamide
formation compared to those without presoaking. Acrylamide formation of fried potatoes after presoaking at 60°C for
45 min was about 16% of that without presoaking. Presoaking treatment of raw potatoes in various buffer solutions
showed acrylamide concentrations of french fries from potatoes presoaked in acidic buffer solutions were lower than
those from potatoes presoaked in neutral to alkaline buffer solutions. Acrylamide concentration of potatoes stored at
refrigerator temperature was much higher than those stored at room temperature.
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WHORE, 1) ofadoetvlol=e] M7A| S Fole W,
2) 7FE Al olmdolnol= S Eole WH, 3 A4E of
AYolule] =5 A|ASE WHOR Q9% F ti(14). 7tE
Al et oluto|= A Adlshs WHORE ofadolnfo]
= AEeE Ao o]Fo|XtK(1b). 7HEA SHIIE
23t ofu| i), o 2H|E, HEle|E, TE 55 HrlshAY
dtric adid, 2=vle] Sehuieol=, 27}, 3)e] Poleg A7)
ste ofmdolmlol= PAS AT 4 Ao, 28] Al pHE
W02 P4 AslE = Sl ofmdotute|= FAdo| &
£o] Jake Tt oladotvlo|=rt BT AlRShs =
SE U¥F o= fryingel AMRHE LEHT BOoHEF frying
of 9sle] o Hmo ofaHolulo|ue FAE 4 vl §l
th. Frying Al AREEE fAe mE ol T Holulol= AL
180°Coll A rapeseed GilE ZAE deepfrying dHIS o
1,060 ppb, high oleic sunflower oil& AFE-319S 1,271 ppb,
sunflower oil-S 2831995 852 ppb, pam olein oil2 A3}
RS o) 722 ppbSItH(10). Becdski 52 A AMEZS vl 7]
B4 T7I8oR 1087 HAS o AHE ol FHolrlo|= F
S BAEou, 2 e A Zpolzt IIEH9). AEA=
2E f#sh= phendic antioxidentsS H7}slS w) of=Ho}
ulo]= A§Ade] Zlol= §llen, chickpead] legume T
olmolulo|= AAS Zole Hl a3t UATHIE). o]
AE olaoprpol=E AAT ¢ U= YA CO, FF, UV
A, AR 52 7 21%2] monomeric acrylamide2] poly-
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Wk ot 2, AL BRI AE, AF WEHS] 4
A 5 O 7k 2400 oJsle] FFe e AR AR
ot otrto| =] S Eol7] flste] thFd 2] @A
Alell tigk A77F L83 Ao AlREn oo & Al
A ofadolnto|= o] e FHA FEtole] AR F
A2 APYFor AAsto] ofadolvlol= A dFE v
1= dAE E4asih

N

T
FHUX| F2}0]

AN A A7), AhE)E A wREleA] FlEke] A
2 44+2°C YAzt BRasie] A Y3ty BTt
Z27AE& Al o2 Alx, A7, EAEAL. RS ggt
T 08X08x43cme] FUT A2 dAotsle] gA MES T

i

Atk Nz AEE SHSE FAS F 3H 275 AlA
}aL, 180°C, 37} fryingstSitt. 7HE&=0l wWe oA doln}
ol AAF Wshs dud IHMIES SR HAthE &
TS AASI] 120, 140, 160, 180, 200°Col~ 3% &<t
deepfrying 3 - ofadolule|l=5 E48I3]th 71 A7l
e ofmdolnfe|= A FE WHsh= 180°CoIA 1, 2, 3, 4, 5
= B<F deepfryingdt & #4181 Presosking 2=k AIZH
o] mE olAYslutol= HF Weks 20, 60C LE| FF
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FREE FASL, SRS A 180°C, 3% B2 deep-
frying stk JAIY pHoll whe oA dotuol= AR st
= Az AAES ZH7ke] pHE A|Z3 huffer £4(0.1 M
citric acid/sodium citrate buffer: pH 3.0-50, 01M sodium
phosphate  monobasic/sodium  phosphate tribasic buffer: pH 6.0
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Aqua C,; ZE#H(2X250mm, Phenomonex, Torrance, USA)°]
A2re liguid chromatography-tandem mass  spectrometry(LC/
MSMS)= dectrospray positive ionization(ESI+), high-pressure
ligid chromatography, S2100 Solvent Delivery System(Sykam,
Germany), triple-quadrupole tandem mass spectrometer, Quat-
tro micro(Micromass UK Ltd, Manchester, UK), data sysem
(MassLynk version 35)& AR&-3F1aL Shaking incubator(KMC-
8480SF, Vison Sdentific Co., Kored), High speed refrigerated
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Fig. 1. Schemefor sample extraction (FDA, 2003).

centrifuge(SUPRA 22K, Hanil Science Indudrid, Kored),
Micro centrifuge(Marathon Micro High Speed Centrifuge, Fisher
Sdentific, USA)E AHE-&t9th B5E2S Acrylamide(Sigma
Chemicd Co., St. Louigs TY3t] ARSRL, Wi E=E2
2  BC;Labded acrylamide(Cambridge Isotope  Laboratory,
Andover, USA)S T-9)38te] 4+2°Coll W waste] Ae-3k9)
o AAE HA AR FEelE wE7] 9@ ol bah
(Samiltech, Sed, Kores)e} soybean oil(Cheil Jedang Co., Sed,
Korea)e AHE-8FiTE. ol dotulol= 42 FDACIA F31%
o R siitk(Fig. 1). #AWHe FUx] Fetolg 77}
o] 2710 = A|xg Fol| #Aslsle] 1g HFt. Internad stan-
dard solution?] =Cylabded acrylamide(200ng/mL)E 1mL %

FIAL, 9mL SHTFE Woleth o] AZES shakingdt - €
AtEste] ASd AEF] $7 5mLS 045um PVDF
Maxi-spin filter tube(Alltech Associates, Dearfidd)ol]l %7 THA|
AA 23t} OASIS HLB SPE(200mg packing, Waters Cor-
poration, Milford, USA) catridgeol] <39 % 15mLE
OASIS SPE cartridged]] £2]A171 &, ©]o] water 05mLS &
A7t} mAEe ® OASIS SPE cartridgeel] water 1.5mL<
SYAZl & 2 g2l B2t OASIS SPE cartridgedl] oY
< Vaian SPE cartridge(200mg packing, Vaian Inc., Harbor
City, USA)ell oAAIZITE o]3A] ozt AES vidol "ot
LC-MSMSE #A48kith. A= 2Hd& 918kl HPLC grade
waterel] of=Ldotute| =5 H7lsted 5, 25, 125, 250, 500 ppb
59 F=9| dandard solutions YHERIT). Caibration of=22
oluto|= w9} BC -acrylamide ¥ = HWAH|E H]wale] &3}
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Fig. 2. Standard curve.
S: Standard, IS: Internal standard.

o Mo, dandard curve= AZol Fi-E ofmHoplo|l= A
ol o] 835 Th

SAEN
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Inc., Cary, USA)).
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5, 25, 125, 250, 500 ppb =%=2| sandard solution
7} %% 9] gandard solution 1 mLol] £4] AZo

71t FEe} FUS R EFEH(BCyacrylamide, 200 ppb)
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TR Fgole] frying 227t 7 el wEF FAx] F8)
o]9] otagolnfo|= O] F7IEATHFG. 3). 120°CollA
A o] ofadolntol= FhEk2 13ppb, 140°CollA 28 ppb,
160°Cof| 4] 355 ppb, 180°CollA] 798 ppb, 200°CellA] 2,169 ppbe]
At} o= Holmlo| = A o] 160°CollA 180°C, 200°CE 2
T7}t ZoAHA] ol oluto|= AAo] F43] FEE N,
120, 140, 180, 200°C¢] frying temperaiure 7+e] -84 x}o]7}
AT B A A, oty xee] RYA|AELS o]
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ol Holuto|= AYGE7] AlFEte] 160-180°CollA Bol St
slou, 200°C o] ZedME A&Hozw 1 A0
F71E AT Taeke 52 EAZF A= 200°CA 7FE st
REe w olAHotmlol= FFo] ZUt 2L} AlFelA] T

= ¥ A IEE 160, 180, 200, 220, 240°CollA] 3% &<t
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Fig. 3. Concentration of acrylamide in french fries fried at
different temperaturefor 3 minutes.
Error bars represent standard deviations.

ARgh ofmEotutol= S BTt By A|2" g
A ZFNE 7HEeETE F7HERE ofadolntol = AJAdo]
AEH o R F7HEAeh 2] MEEAR ] hdEHErt
HE 4= 9lon, AFe HAAEE 7|5 xRt W v}
S730] Utk Wgk AF Fo] FEo] Tt FHdd ¢
g AF BFHEE Aetel oste] ofmdolmto| =t A E=
FHAM O L& VgLl e & 9lon o2 Qlsty
200°Ce] 7E2EoIME A&HQ] oA dolutol= A ks
Ao] & Aoz AlgHTh
71dA|ZHof| w2 of3Zlofoto|=o| MME st

AAE 1E7F frying s19S ®f AP ofmdotulel= §
22 96 ppb, 287} frying 31S ™ 497 ppb, 37+ frying 3t
P& W) 1,268ppb, 4%-7F frying 3H1S ™ 2407 ppb, 5E7
frying 3l%1S = 3,393 ppbelSict. F#x] F2to] 718 Al 714
AlZko] F7VErE FAlX] fefole] oA Yolmtol= A4 ol
A& S7keted, 17 719e Ay} 5 7FEdeh Age bl
FrolA ztol7t AATHFg. 4). 7FEAIZF ol dotuto|= A
Aeste] A dig = g Aol wlo|azg o]
H=Z 50, 100, 150% &%t mash potatos 7MEsS w <5,
47, 4400 ppbe] ofdofrte|= S RIS om(23), o A
Ie 7HEAIZe] FTHERS ofadolrto|E Aol FA3] F
7tete FAMES ERIE & AT
Presoaking =2}t AlZiof| 2 ol3EoHjo|=e| Mgk Hst

Presoakings aFA] @& thzte] ofagoulol= ghgke 1,469
ppbolSom, o] SHFTE 1, 15, 30, 4557 presoakingst
Aol Ha-e Zhzt 1,001, 1,043, 902, 913 ppbelFTk(Fig. 5).
60°Ce] TRTE 1, 15, 30, 4587} presoakingdt Aol o}
Adojrjo|= ke Zh7; 841, 744, 387, 234 ppbel ATHFig.
6). 22 xd A zole frolFe® vehton,
60°Ce] SH-= presoakingst Ao A= presoaking A7+l
oM oA 2 eI S, presoaking®] AlZke] S7t
245 X F2to] We] ofadotute|= A wko] Al&H
o2 Zhaste], iz HasklS W 60°ColA 457k
presoakingst A 2o] ofHolmtol= AYTS 80% o 7
2EA ols AR L] B3 ou|Ate] Aol oste]
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Fig. 4. Concentration of acrylamidein french friesfried at 180°C
for variousfrying timeintervals.
Error bars represent standard deviations.
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Fig. 5. Concentration of acrylamidein french friesfried at 180°C
with potatoes presoaked in distilled water at 20°C.
Error bars represent standard deviations.
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ZAE 7] wiol] WA sHgel 9t ofadolrle]
Jo] TAa® AoF AIEHW, preveking &5 S 714
oz olmdolmlo|l= XS Y & IS Zoz IdEd

XY pHof| [HE ofzEotOlo|= MME Hst

AAE presosking® ™, A pHell whe} 742} fryingt] oF
Aolmto|= §Fke] Z}o|7} 9Tt pH 3.0 buffer solutionell
A presoakinggt A +9] ok doluto|= FHES 422 ppb, pH
40 huffer solutionell A 475ppb, pH 50 buffer solutionoll A
537pph, pH 6.0 buffer solutionoll Al 497 ppb, pH 7.0 buffer
solutionell 4] 607 ppb, 22]22 pH 8.0 huffer solutionollA= 752
ppbelATHFig. 7). S, pH 3.0014 ofmdotulol= AJAJege] 7t
& AL pHZE SRS ofmdolrtol= Aol A S
o™, pH 30, 40z pH 80 buffer solution 22 o=
ofuto|= AT frolF zlolE vEhlth BY AJZLE slof
A olxa@ ) F TS huffer solutionell A 718 ste] AAH
ofadolutol= WIS A4S Brown(23)e] Adel ofshd,
/304 ol dotutol= PAdo] HN O, pH 6,004 of=
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Fig. 6. Concentration of acrylamidein french friesfried at 180°C
with potatoes presoaked in distilled water at 60°C.
Error bars represent standard deviations.
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Fig. 7. Concentration of acrylamidein french friesfried at 180°C
with potatoes presoaked in different pH buffer solutions.
Error bars represent standard deviations.

Hoprjol= HYAJo] FHaE|o], pH 50 o|stol|A ofmdolmto]=
o] B3] A FATE ung T pH 4080 M 1M
phosphate buffer solutionell o}~ 3t2k71(05mmol) 3 E=9
(05 mmolyS 7Fate] 150°CollA 37F 71d3te] pHell we o}
AGolno|= AT WHele AmEgEd, L A3 pH 409
Al ofadotutol= AlAdo] pH 8004 AAE FETh zHast
ATH24). ¥ AFoM+= buffer solutione] pH7F Srolbdldl] whet
olmidofrtol= Aol ZHAE ) o]= Brown(23)% Jung 5
(28] o]FofXl 7 AF mF 2o Al2H] Sjof] o]Fojlon
2 pHoll 93t o] & A vis] A velhd Aoz 3t
G ung 5(24)S Maillard reactionel] 218l dicarbonyl 315t
Eo] REAHoZ FHS we cabonyl B9} ofAuEzle)
nucleophilic amino Z&F°] A2 Wrsko 22X schiff base 2 o}
AYolulo| =7t FAEBR S pH A|AHE o] &3le] ofx
32}719] nudeophilic amino ZZ&(-NH,)2 nonnucleophilic pro-
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Fig. 8. Concentration of acrylamidein french friesfried at 180°C
from potatoes stored at different temperatures.
Error bars represent standard deviations.

tonated amino “Z35(-NH,")3} &P ofmdotrfol= A4S oA
&= okl Baskin:

ME=2zo mE oi3ono|E B2 M

A2 9 SA] fryingst $R1%] FEfole] ofadopute|= §
2 569ppb, F2olM L7 AR § B4 A 7
zte] olaolule|= ek 285, 122, 190, 72, 62, 122, 136
ppbel™, 4+ 2°ColA 1-757F Adet & S AF 2t
otz olulo|= 2 638, 835, 1,395, 1,101, 2,221, 2,358,
3189 ppbelATH(Fg. 8). 45 o 2 Adet AR, tRd,
37 ol WA AAe Ao ofFdolnol= FHEe 9]
2 zpol7k ATk 58] 557 A AAe AelA AEE
ofmgotute| = g2 thxrol] Hls| AAaEden, 7 W
A7e ApelA] AdE ofmolmtol = R thxtel H]s)
5o o] SUIEIRICE &, WAR 717ke] dojd s $3X)
Sgto]o] ofAolntole L FEEE FUIEE W,
2 BRI AS, AT A% Asith 2 o] ThA
7t F71slsdtt. Vatem 5(16)2 Amrein 5(25)2 8°C ©]3l=
AAE Badte AL T3 HFe] S TS| molBn
2 ofmdoelutol= AN JFeA S ol 4 ok 7
sgon, B Ay Axw a5 Axet AU A%
717k whE ofmHotuto| = Fhge] Wshe A gl W
3} W Folgta A9t} Brieley 5(26)°] ¢t 43 A%
o o}xwielrl ko] 2.07+0.24mglg (fresh weight)2lel whal
o 25 7+ 5, 10°C 747k 2&ox] A7gek 7xte] ofxuet
70 e 7.27+1.10 my/g(fresh weight), 9.31+1.36 mg/g(fresh
weight)© 2 F7H=lom, 7 1S ahof o3 A% whalg
o] &l =7] woltt. Marquez 5(27)2] 1l 2lshd FCe
A AR 2Ake] ghlde] S ARAE Al Sddke] A
“Zntel] vlel 55%7H4 S71eFAAL, Nourian 5(28)%l <] st
A717HE Eol7] S8l W Rae st 7Rkl Hdito] 3
dgo g Mg o=r ghgaro] 43 STt Hiske]
th Aol A AAet kel A el ojdte] FrbE $
F B oopuAte 2 e TFEEIS W olaHolmtol= A
o] S/t & AeS HoFAL Qlrh

o

o ok
S =

7HER%E, 7FEAZE, presoaking ], FAY pH A, A%

o FEE WA= Aol HSF AT 861
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7FEAIZE B 2] A7 9FE WOBE o)F HFORH
AFE W ofFdotrlol= A EY Atk ofFAdovlo|=
T 160°C olde] oM Aol & TTHERR HF
S 27 A 7MEeEE TFed WA 2dske s of=d
ofpfol= S EY F USSR AT 60°CY] THT
ol 4527 FASIE w ol doulol= A Rko] oF 80% 4
aEer JAMYE FRA] Foo] A AlFe] AE
A 371 S8l Az T EE Jlenw IAewe A
AAZEE 2hske ZoR ofAdolulo|= AFE wE 5 9
& o= wag.
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