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Formation Mechanism and Risk Assessments of
Acrylamide Generated in Heated Foodstuffs

ZHANG Gen-yi
School of Food Science and Technology Southern Yangtze University Wuxi 214036 China

Abstract Heating carbohydrate-rich foodstuffs could generate Acrylamide a human neurotoxin and
potential human carcinogen. Studies revealed that acrylamide is formed in the Maillard Reaction and
the decarboxylated Amadori product of asparagine with reducing sugar is the key precursor of
acrylamide. The amount of acrylamide generated in food processing is controlled mainly by the cooking
temperature and also affected by various factors such as cooking method pH water activity and the
resource of food materials etc. Methods of gas chromatographic-mass spectrometer GC-MS  or liquid
chromatographic-mass spectrometer with MS MS mode are generally used to analyze the acrylamide
in foodstuffs. The toxicities of acrylamide and the risk assessments of consumption of foods containing
acrylamide were also reviewed.

Key words acrylamide asparagine Maillard reaction risk assessment

2002 4 Margare- Swedish National Food Administration SNFA
ta Torngvist 100

2003-04-15 2002 —-05-22.
1968 —



92

22

Food Standards Agency FSA

FDA FAO WHO JIFSAN [IFST AACC
NCFST

acrylamide 1
a B-
Michael Addition
© U ks FRE 71.09
// 433 CH,CHCONH,
i 87.5°C
WA 125C
H,N

Fig.1 The molecular structure and physical-chemical

parameters of acrylamide

GC-MS LC-MS
MS GC-MS 5
~10 pg kg LCMS MS  20—~50 pg kg
13,
LC UV LC MS

Shodex Rspak DE-413 Hypercarb

electrospray ESI

precursor ion

product ion

multiple
M+H "=72
H,C=CH-C=NH *
=54 H,C=CH-C=0 " =55
M+H "=75 BG,
BC,H;0 * =58

reaction monitoring



4 93
3 Schiff N-
ELISA
Schiff Amadori Amadori
HH HH
# i
y —
EXT| EEETTAN Strecker 7
4 Strecker
BRI ’ Schiff
LC-M5/Ms] Bk, wal] > B A
madori C—N
5.
OH OH x OH OH
f
) VA )
R—NJ  + —
Fig.2 The procedure of sample preparation for acry- (v H CO OH OH OH OH OH
B
lamide analysis g A Clli l —HO
R
) TIER  THREEW OH OH
R—N OH OH
Schiff B
3
Fig.3 The initial reaction pathway of Maillard reaction
— (8]
Z_(':H NHz \\(F/Rr -HZO ]%[:?EN EC, R,
. . L 1
Maillard reaction 78 o*"on * 0"k O’CEO@C\R
2 | '
BEM g 1o
-co‘/
FANS
HZN\CH’RI H/C_N\(":/R‘
|
3 C.
Oéchz ﬁgﬁ’j H—0" \Rz\
3 "
_ R—CO—CO—R, +
I Strecker NH, + CH,SH +
Amadori Heyns Z—Csq B4 44 CH,=CH—CHO
g . ,=CH—COOH
N Schiff . HN NH,
Amadori o7t i CH A
) @\\ CH,=CH—COONH,
Heyns Amadori  Heyns tun, Y o
SC—CH=CH,
0
Strecker 7 45 T e
glyoxal glyceralde-
hydes ribose 4 Strecker
11
Fig.4 Proposed pathways for the formation of acry-
asparagine path- lamide through Strecker degradation of the
way . amino acid asparagines in the presence of dicar-

bonyl products from Maillard reaction. In as-
paragine the side chain Z is —CH, CONH,



94 22
N- N-glycoside
. . 3
Schiff A Amadori
AB
B
azomethine ylide 12
B 0~3 200 g ke
H
N (o]
o~ 1 I\
NH/\n/ 0¥ N0
0 H
12 HIW T e AmadoriF= 4 BEHIRE T A
NH?*\/ OH NH, R
)\)\ )\/ o ' ?:O
R P
o H/Y o ,
PR 4% K e NH,
OH
Atnadorif=¥)
T NH,
0 T AOH 0
NH, =" NH, I\,
N\ % R - R / -
o N o ’,‘/\( o
(w ¥R=CH,OH
: Q0 H (o] :
ScIlﬂ. % B Amadori™= 41
B
3 I
o/ U NH,
R _
P [Fmey]
OH | oH
o NH, H
L 3ed | HEPR RS AS
5 Amadori Oxazolidin-5-one a-
zomethine ylide succinimide niacinamide

Fig.5 Mechanism of acrylamide formation from a decarboxylated Amadori product of asparagine. R=—H CH

OH .CH, OH

n=0~3



1 6 7 .
Tab.1 The contents of acrylamide in different food products
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Tab.3 The results of cancer risk assessment of acrylamide
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