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Development of an analysis method for acrylamide in processed foods
and a survey on the level of acrylamide in processed foods

Hiromi Nabeshi®, Satoshi Takatsuki, Tomoaki Tsutsumi,

Reiko Teshima, Hiroshi Akiyama

To survey acrylamide (AA) levels in processed foods, we developed a liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method to directly determine AA levels in various foods
without derivatization, and surveyed AA levels in 5 kinds of processed foods (potato chip, french
fry, biscuit, roasted green tea, and coffee bean; total 100 samples). The processed foods were spiked
with ®C;-AA as an internal standard prior to water extraction. The extract was purified with a solid
phase extraction cartridge comprised of hydrophilic/lipophilic copolymer sorbent and cation/anion
exchange sorbent prior to LC-MS/MS determination. Accuracy (recovery) of AA in processed food
fortified at 100ng/g (potato chip, french fry, and biscuit) or 300ng/g (roasted green tea and coffee
bean) ranged from 96 to 102% , and the relative standard deviations ranged from 1.2 to 3.2% . The limit
of quantitation of the developed method was 10ng/g for all the tested processed foods. In the survey
of AA levels in the processed foods, the level of AA ranged from 52 to 3,100ng/g for potato chip, 50 to
1,000ng/g for french fry, 16 to 570ng/g for biscuit, 120 to 1,600ng/g for roasted green tea, and 110 to
300ng/g for coffee bean. These results indicated that the AA levels varied extensively among identical
kinds of the processed foods. Among the AA levels detected in the 100 samples of analyzed in this
study, the AA levels in 7 samples of the potato chips, 5 samples of the french fries, and 3 samples of
the biscuits for infant were larger than indicative acrylamide values (1,000ng/g for potato chip, 600ng/

g for french fry and 200ng/g for biscuit for infant) set by the EU.

Keywords: acrylamide, LC-MS/MS, survey, processed foods
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2. 1. 2 W ¥EE

AAREHE S - BISALY (BR) #E8, fsor AT, FiEE
99.0%

12,3-%C, B #% AA : Cambridge Isotope Laboratories,
Inc. 8, #EE =980%, 123-"C,iE#E 99%
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wy7 4 V¥ —F 22— 7 : Grace Davison Discovery
Science fL:#, Maxi Spin Filter, 045um, PVDF

AA FGERE T A 7 : European Reference Materials £
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Materials #1:#, ERM-BD272
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Mix-VR
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Fig. 1IZ_ L7z, 7L v ¥ —TH#EE—1L L 72308 1.00
g% 50mL/ 0T 2 —7IZEDIY, SIS
H (PC#AA , 100ng/mL) 1mL % 700 L T 545 [ i
%, KImLZMA7z. AVFv 2 AIFH—T30PMH
RELZE, IFH =10 200MkRE S L, & L5
B (Avanti HP-25 ; 13064 X g, 4C, 15min) L7:. /&
& (b)) M5mLE®LT7ANVY —Fa—TI2k 5
721k, OB (KUBOTA 59305 840 x g, 5min) L
TAHBHE%E7/2. Oasis HLBA— M) v I H S L% A%
J—=l35mL, IRWTK3SmLTarysr4a=rr7L
otk LiLoAM15mL 25 L, BT AICAfT L.
AKOS5SmL THE#H#, K 15mL TAA Z % L7z, Bond
Elute AccuCath— b v TV Hh I L% A% ) —)25mL,
WATAK25mML T YT a7 Lz, Lo
W 15mL 2 4 J AZERT L7, RO 05mL 2
BT RO EETAABLRE LTHIRL, REBERE
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add 1 mL of 100 ng/mL '*C;~AA and stand for 5 min

collect approximately 5 mL of water layer into filter tube (0.45 pm)

Sample 1.00 g
add 9 mL of water and mix for 30 sec.
Extraction
shake (150 r/min, 20 min)
centrifuge (13,064 x g, 15 min, 4°C)
| Filteration |

centrifuge (840 x g, 5 min, 20°C) and collect sample extract((D)

| Oasis HLB column cleanup |

Bond Elute column cleanup

Sample solution for LC-MS/MS

load 3.5 mL of methanol and 3.5 mL of water for column conditioning
load 1.5 mL of sample extract (D) onto column

wash with 0.5 mL of water

elute with 1.5 mL of water ()

load 2.5 mL of methanol and 2.5 mL of water for column conditioning
load 1.5 mL of eluate ((2)

discard 0.5 mL of first eluate and collect remaining eluate (1 mL)

Fig. 1. Flow chart of the pretreatment procedure

AR 50 ul

HZ A 40T

[MS/MS 4:1F]

A4 ML D ESIRY 747

Fy 7Y —EIL 06kV

A VEREE 0 150T

O — A A : 150L/hr

A 7 A 600TC

I s A it it 1,000L/hr

EBE=ZF—AF VI AA I ERAA VT255 (3 Va v
IAIF—:8V),
EMEAF 72227 () Vg vyt

LVF— 1 12V)
BCrAA t EBAF V7558 (2) Y rrih
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ZAONBFE) < —FZWHHPLC /1 5 2 2@H L7z Ew
SrEERE R 1R A 720, BLERBEAR D B4 X (N
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LT3, FlEoORBRERE H W CREI S0 % M
R LA R, A5 — VIREN20% D HIRMEE — 7 &
AADGFEENRBIFCTH 72T EN D XY I — ViR 20%
DEMRBRIRLT. S50, BFRY— 2 BRZ2H L7
DA T ANOHEAHEE % 08mL/min I27%%E L 7275, ESI
KBV TERRHEDPKETEDL DAL F AR E
Wb bEZ LN FIT, 7T 4505 0%MHE
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720, 139 UERERFa— —EEilk e Lze
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KAy 7= (995:05) RIBICEEL, 7T LimHE%E
04mL/min 2% E L 7-.

3. 2 Moo e il O E

WA 2 B HPH I SRR S OB~ X
DHIB L7z, MERRICZOMERICBH L2 SEm LY
Bon/zmEELE A L THIBS NS IRE ORI
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HEWLMIL, IhSEMNOBEHEEZPEREL . £
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HDHID, FAEO AA OTIEEL, R DGR IS
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Table 1. Accuracy (recovery) and RSD assessed by
recovery test of AA in processed food

Sample Accuracy” RSD
(% mean) (%)
Potato chip 99 3.1
French fry 98 1.3
Biscuit 99 20
Roasted green tea 96 1.2
Coffee bean 102 3.2

1) Spiked level: 100 (potato chip, french fry and biscuit) or
300 (roasted green tea and coffee bean) ng/g, n=5

MAB D7 v~ b 75 2A3FEML72AA, PCrAAICD
W, =t —GLUANORRTIE, NRYE—7 DB
HOPRIGEY -7 3R SN o7 (F—FRE
F). T—b—TFIZOWVWTIRPC,AADERA T D
0< b7 ACHEE -7 HBo 5N, PCrAA L5554
AT E R olzd (F—FmRET), BEE LT
W BIFCTH o 72 T2, BINEGERERE: 0 PC-AA
DOEIFIZ, KF bF v FATE ~108%, 754 P&
7 N T63~88%, EZX4 v METI6~ 139%, 139 L
KIETS5l ~57%, T—b—HT39~42%THh-72. 3.
SOBRHTRLELIIE, 794 FEFF, 135 U%
EROT— -G TRRBIEE T ORMEWIC LD 33 ~
51%D A4 + AMLPHIBIZE S Nz, 20720, FIED
EAMET L2 & LCid, BRI ICE £ 1 5 5k
WORENRTEENTH Y, WIS S PCrAA
DOEEIIKEL VDD EEZ LN

3. 6 FEREEEHESEL AT

RO ETHR LN S EOEEMEEZHERT 5720,
ARG EO SN2 ER L2, AR 7Y A
TT Vv FO2HE ORI EYE 2 AREI2 LY 36T T
GHFL, BFo7z AATREE & JEE % LR L7z (Table
2). T A OGHHAERIT A TRIMEDFPA NI E - 72.
=), ZVATT Ly FOGHHAERIZOWTULRERHED
HH L) BIRIZR R E o 72h, FOREII/NE
Motz FOERELT, ZUVATTLy Fhoi#L
7RRHETIE T A 7 IR L TR L, RETHW
ARE D HIHOATIIEEICAADHIBATE dh o7z
WHeMEDSE Z Sz, LA L, 550z E il iEaeas
IR Z /R L72FR Tl vz, FERAEICH
WBGHTEL LTRFRETELbDEEZ SN

Table 2. Concentration of AA in two kinds of certified
reference samples

Certified Concentration certified
. mean=SD H
reference trial of AA (ng/g) value
samples (ng/g) &8 (ng/g)
Rask 1 75
2 79 77x2 74x7
3 78
Crisp bread 1 807
2 855 829+24 98090
3 826

1) mean = 95% confidence range

3. 7 SHEOMLAEMIIBIT 2 FEREHRA
WHEEZHR L - RKEEZHNT, BF b Fy TR, 7
FANRT N, EX7 vy M 139 URERPT—L—
TOSHEOMLEMIOWTL 2030k (451100308
RN L7z, ZORESE, TTORE 2 S E s TR (10
ng/g) LD AANKB SN ZRENOIN AN
O AAGHIBEEGMIE K7 FF v 7 ZXT5H2~ 3100
ng/g, 794 FARFT FT50~1000ng/g, ¥A> > b
¥CT16 ~570ng/g, 139 UAHET120 ~ 1,600ng/g, T —
t — 5 CTI110 ~300ng/g ThHo72. B, KT bFv
TAVAR CERBHIHIIOMEE 22 572728, AMHFIZX D
FEREEFEHRL, 2%E L £ENWhOAAERIE
B (rhgufl) kL2 A, RFMF v TADNEKRD
AAGHIEBEENEL, RWTIEH) UEEE, 754 FRF
b, 2=k —%, A7 v MHDIHTH »72 (Fig. 2).
RIPAAE RN, FEMORFER DIEM L 72 B &4 FE g
A CPRLLS ~ 224RF) P THIBE S TWw b AASHIR
EOHPHE L =3 LTWw722% (Table 3), K7 bF >
TATIE, FHME, UL SICEKEORAE LD 30
~ 4% o T2, ThiE, —#A—H—TDAA
IR T 72300 FH o & B L T B I REMEASE 2 B
7o, BB LICAAGHIRERZ RS L, HEORMNT
DBRMICE > TAAGHIREIZKERENDH ), FFITK
T hF vy TARIT) URECTHELREN RO LN, —
J, A=t —H TR O AAGHIREAINE Do
7.
FZMLTEZOWTHE ORI L ICAA GHIEE S
W L7z (Fig. 3). /HBUCIR D 258 % 72 D {EE AL EE
THHD, RTMF v TATIE, AOUL 2P0 E2ZD
FIAFGAALTHELNDBAFGA AERT M F v TAD)
P, WIERT b Fy TR LD S AAEH IR AR V]
WD NIz, Flz, ATGAAKRT M F v TATHTIY
WCENTVERFHIFFICAAGHIRE ST, 75
4 FRF M, AbPL—1FFy M TREBOBEEEIK
EVWbon, VA=A y N, Ya—AMN) YT, A
ML=t Hho b, FF2TN00y FOIEIZ, THRbDEI
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Fig. 2. Boxplot of concentration of AA in processed foods

Each boxplot was made by concentration of AA determined in the processed foods (7=20). Box shows 25 and 75% percen-
tiles and the center line shows the median. The end of whiskers show the maximum and minimum values.

Table 3. Comparison between present data and survey data by Ministry of Agriculture, Forestry and Fisheries of Japan

Present data

Samole Number of | LOQ Sal;lntgr;;l;et:eﬁz y Concentration of AA (ng/g)
samples (ng/g) LOQ mean median maximum | minimum
Potato chip 20 10 0 830 690 3100 52
French fry 20 10 0 380 280 1000 50
Biscuit 20 10 0 170 140 570 16
Roasted green tea 20 10 0 500 380 1600 120
Coffee bean 20 10 0 200 200 300 110
Survey data by Ministry of Agriculture, Forestry and Fisheries of Japan'?
Samole Number of | LOQ Sal;lnt:)rlnel;etr)eolz y Concentration of AA (ng/g)
samples (ng/g) LOQ mean median maximum | minimum
Potato snack 541 20 1 1100 940 5500 <20
French fry 180 20 0 410 380 1500 90
Biscuit 30 20 1 180 160 460 <20
Roasted green tea 18 20 0 450 360 1100 190
Coffee bean 121 8 0 160 160 330 73

W7 54 FRT MIEAAGHIBEDSEWEINIRD 5
N7, ©XA7 vy MHTIE, #MABEATy P TH LA
ez X—ThrRFZHERLZ BREOAAZE
HT 5270 F—=01 BRI ENTVEA, EX7 v b
DD, 7y F—L0 b AAEHREDFHEAAID D -
7z, ARIEEU K Tl BES & BRI 5 O A RHAT40% LI B o>
DRI vF—LEDTBY, 79 F—DIBEATry

FEDBBEDDEARIZZNEE R LNDLD, HHTERK
EL77 v F—IZREBNIEADH Y, VT bR F
DLV E o722 s, EAT vy MeOBRES
WOENR ENAAGHREICEEL TS EEI LN
2. EXFZ v FThH, Ya—F7 Ly FOXHIJEAD
HY, BEEEOEORFEHIAASHEREMESIZ Sh
Tz 139 UAREER o AA AR, 3R XX
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Potato chip French fry
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roast roast roast
Fig. 3. Investigation of concentration of AA in the processed foods

Each processed food was classified into some categories depending on the property. Potato chips were classified into sliced
potato chips (@=13) and fabricated potato chips (2=7). French fries were classified into crispy cut (n=2), shoe strings (2=4),
straight cut (2=7) and natural cut (2=7). Biscuits were classified into biscuit (2=12; including 5 samples for infant) and cookie (2=8;
including 2 samples for infant). Roasted green teas were classified into leaf tea (n=17) and twing tea (n=3). Coffee beans were
classified into city roast (n=2), fullcity roast (=15) and french roast (2=3).
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