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Braige ), b | 2 g RHE A BRA R D20, 81 [F]
{1 Z A7 (Cambridge Isotope Laboratories); DM-
SO-d6, I+ 2 vi Ak A= AL B H A PR W) 5 H s (2
jEali gl ), 3¢ [# Mallinckrodt Baker 23 &) ; A-HG Y
b A A RS (ODS), H AR R 5T YMC A BR 2
] A OB EE I LH-20(Sephadex LH-20), I [®
iR RA R, B 8 A HLE R
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1.3.1 ZHEBR-NEE P4 TE 150 mL
HIEHETE M T AT, iF 58 & P B R 5 T3 o

() 2 I B AB A 25 1 (A0 5 1) 2 1) B ) BP0 5R B 5 B
R, DAL SR FH 3 — B8] I AR 405 AN ) 2 Jik T S oy v
BB TE 50~80 °C % #5541 B B 2~5 h
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R 28 5 50 B 25 1 GRS AR 5%B KR, ik
0.6 mL/min, PEAERFUN 2 wL, 3 .40 °C, =9y
K% K 220 nm A1 254 nm,

I S A S - :Agilent InfinityLab

Poroshell 120 EC-C18; i sl 4 :0.1% F B2 K (A) |
TS B (B) s o 7 25 . T sh AN 5% B K i
W, E 1 0.4 mL/min, FEAERFN 0.5 uL, &1
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PR EE R 300 °C, KW AR E Ry 250 °C, B4
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Tofs FEE V-5 I, 5% Y It CRR AR T ) AR Sk 0 0 94k 458 2
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20 48 h (U T AN Wt | DR IIE 78 70 ik )P |, ¢
FET 25 mm x 100 em ZEHTAE T, 5% A S U6 IR
TRCS5 PRI R 0.125 mL/min , 356 M6 T80 1A FR
250 mL, %185 B 3 mL,
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D0 I Avance I YEig U #A5 E0E BRI .
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Fig.1 HPLC results of reactions Fig.2 HPLC results of reactions
between asparagine and acrolein between glutamate and acrolein
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Fig.4 HPLC results of reactions
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Fig.8 Full-wavelength scan result of reactions

between seven amino acids and acrolein
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Fig.9 Chromogenic color of the reaction products of glycine by DNPH
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Table 2 Structure identification of aspartic acid—acrolein
NMR SH 5C MR (L) ZRRER K (+)
1 - 172.87 HO@/\'
2 3.70(1H,m) 63.16 LNJ
3 2.38(2H,m) 34.33 Ho M"” oHo N
4 172.17 aeflote e
. oucﬂ;ﬂ)9 HCJ)\
5 3.32(1H,m);3.14(1H,m) 45.84 i e
6 _ 14972 2-(5-TEEE-3,6-= Az -1(2H)-) ne
7 9.39(1H,s) 13990  PHE miztes
8 7.00(1H,m) 192.79 HOWCL"
H
9 2.78(1H,m);2.59(1H,m) 27.86 N
10 2.72(2H,m) 45.86 e
R3 VEBR-FHEFUWEHMHNMR &R
Table 3 Structure identification of glutamic acid—acrolein
NMR SH 5C HHX (S 5) ZBRER K (+)
1 - 173.26 o
2 3.16(1H,m) 65.47 HOJ\/\-
N
3 1.84(2H,m) 24.20 P OHJ\)
4 2.37(2H,m) 30.86 Horb o e 196
6 N "
5 - 174.65 OHC}%)D g ©
6 3.28(2H,m) 4534 : ot~ hon
7 _ 149.91 2—-(5-wmA-3,6-—Amww-1 (2H)-%&) >
8 9.38(1H,s) 19320 %= 180
o
9 6.99(1H,m) 140.07 .
10 2.78(1H,m);2.56(1H,m)  27.83 N,
11 2.24(2H,1) 45.69 HE
R4 BEHE-WHESUEHENONMR &R
Table 4 Structure identification of glutamine—acrolein
NMR SH 5C MR (L) ZRRER A (+)
1 - 174.35 o
2 3.18(1H,m) 65.86 “2"JV\N'
3 1.83(2H,m) 24.71 o . OHCJ;J
4 2.08(2H,m) 31.98 A~ 195
m h, H NJ\/B\NHI;OH
5 - 3.39 OHC;\QJW 0 e
6 3.16(2H,s) 45.38 ° A~ on
7 - 14996 S5-# KA -2-(5-FBLA-3,6-= A wbwe -1
8 9.39(1H,s) 19322 (2H)-2)-5-A A K e
o
9 7.00(1H,m) 140.11 WS SN
10 2.78(1H,m);2.58(1H,m) 27.86 AN
11 2.39(2H,m) 45.65 1M
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Table 5 Structure identification of valine —acrolein

NMR SH 8C MR (8) =B (+)
1 - 172.20
2 3.14(1H,m) 73.16 J\N
3 2.44(1H,m) 27.54 - oS
4 0.89(3H,m) 19.72 ‘)3\;/1&0*‘ mizte6
5 0.87(3H,m) 19.16 "
6 3.17(2H,s) 45.00 OHEI\\”)D )\N(?LOH
7 _ 149.57 2-(5-FBLIE-3,6-= Ashwe-1(2H)- 4 )- ©
8 9.39(1H,s) 19279 3-TATH e
9 7.01(1H,m) 139.79 J\JO%H
10 2.00(2H,m) 26.34
1 2.76(2H,m) 45.70 e
£6 KEBMB-AHESWEHNNVR &R
Table 6 Structure identification result of asparagine—acrolein
NMR SH 5C X (4 5) ZHRHEAR K (+)
1 - 172.13 .
2 3.71(1H, 1) 62.92 -ﬁOH
3 2.39(2H,m) 34.69 HZNMOH »e
4 - 172.03 Q e
5 3.17(2H,5) 4531 o "y
6 _ 14949 AR IE 2-(5-F AL k-3,6-= Al ool
7 7.00(1H,m) 139.62 (2H)-2)-4-RR T8 181
8 2.77(1H,m);2.51(1H,m) 27.54 &
9 2.58(2H,m) 45.63 e
10 9.39(1H,s) 192.83 e
%7 FEBR-KEEFEHENGNVR &R
Table 7 Structure identification result of threonine-acrolein
NMR SH 5C X (S 8) ZBIRHER A (+)
1 - 171.77 .
2 3.05(d, 1H) 72.59 OH"UIZ‘O
3 3.96(m, 1H) 63.69 e h 320H0 .
4 1.08(d,3H) 20.58 w]@‘?;g‘
5 2.39(m,2H) 45.70 ’ T\;o
6 B a9 2T(-TEAS36-= Rabur-1(2H)-4) e
7 7.02(m, 1H) o7y S OETH mz 132
8 2.01(m,2H) 27.42 j-\g"
9 2.25(m,2H) 48.65 H
10 9.39(s,1H) 192.84 e 86
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Table 8 Structure identification result of glycine—acroelin-2
NMR SH 5C LMK (P 5) SRR ER R (+)
1 4.18(2H,d) 126.68
2 - 131.94 o
Ox OH
3 7.86(1H,d) 139.26 /A)VNV_
4 - 137.10 5
5 9.57(1H,s) 193.58 Ogs 13%0H miz196
2l N 2 " 42 OH o
6 3.82(2H,s) 49.17 S0 .
7 - 171.02 /\;VN o
— -3 A g B i =z ~
R —~‘#)~Z‘l‘_ —As T as ) 2 2 2 2
9 2.91(2H.m) 24.50 24— B-1- )R K) B RHA)RAK) iz 182
)73 o
10 6.19(1H,1) 149.45 o 5
11 3.66(2H,s) 48.85 /\)\/Nv"
12 - 169.60 -
13 3.36(2H,s) 56.93
87.p
2251
2,00 i ) o
1.754 e i)\ N [ OH )J\OH
L e ~
i mg 150 w165 wziss m/z 88 wz 60
ﬁ\‘? 1.25
E}‘ é 1.00] 1522
= -E 1700
= 075
824
0.504 66. 1242
0.251 01 79,
0.00 — {r r S W T— T —
0 10 20 30 40 50 6 70 8 9 100 110 120 130 140 150 160 170 180 190
JT i L
m/z
(a)
) 283.1285
7 Hit Formula m/'z RDB ppm MS Rank }
| (CuHisN:Os  283.1288 60 -12 1
6
ws °
By
gé 3
2
, 284.1323
) i i 1
o 274 276 278 280 282 284 286 288 290 292
JoT i L
m/z
(b)
B11 HEBR-AEBRFY1 RESHER(a. EBTEX) HER-TEESY 2 54 HRIZER (b)
Fig.11 MS2 results of glycine—acrolein product 1 (a: positive ion mode), TOF-MS results of glycine—acrolein product 2 (b)
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Fig.12 Reaction mechanisms of amino acids and acrolein

F, JFE T HIEE T HPLC-MS/MS A9 K £ A |
MRM 53 B 25 4 « 5 5t 25 1 XF - 227/168 (il 4 fig &
20 eV, §E B AR A 220 ms) ; /8 M B F X227/
181 (fiff# AE & 22 eV, B BT[] 220 ms), i
SIAH A FH/B AH K/ O (5 0.1% W R ), it i 0.5
mL/min, ¥&W T :0~2 min,2%B~100%B;2~8
min, 100%B~100%B ; 8~8.01 min, 100%B~2%B;
8.01~18 min,2%B ., 45T U], WAl LE &) 5
TR DR A% T e — P A T 5 400 % 5= 43 301 O (1.89 +
0.30)pg/ke, (1.46 + 0.19)ug/kg, KT y-&A & T
TR - I 5 ) & i, R AR -TR AR N &
FEAE S R P FELE LB, D) A T A
o, ARG S SR B E SRS G R
WAL T B R PR R 22— AR5
G A Ay £t L R R - TR N G Y
K4t T 5%

3 it

ABIEGE o3 B Ak 8 Fh = LR 5 TN s 1 s 1
FE Y IR AT A R, AR R,
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Characterization of Typical Reaction Products from Seven Amino Acids with Acrolein
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Abstract Acrolein is an endogenous food toxin produced during thermal processing of foods. To investigate the signifi-
cantly reduced reasons of acrolein in fried potato chips, seven amino acids (glycine, asparagine, aspartic acid, glutamic
acid, glutamine, valine, and threonine) with high level in potato were chosen to react with acrolein under different re-
action temperature and time. The structures of reaction products were identified after purification, and the scavenging ef-
fect as well as the mechanism of amino acids on acrolein were correspondingly studied. The selected amino acids were
found to effectively eliminate acrolein and eight new main reaction products were identified for the first time. The sup-
posed reaction mechanism is: one molecule of amino acid reacts with two molecules of acrolein via Michael addition,
and then forms a more stable ring (similar to the structure of pyridine) through aldol condensation. However, the sim-
plest amino acid, glycine, generates another major product composed of 3 molecules of acrolein and 2 molecules of
glycine. The reaction mechanism was speculated as follows: after one molecule of glycine undergoes Michael addition with
two molecules of acrolein, one of the two aldehyde groups in the adduct reacts with another molecule of glycine to form
a Schiff base, while another acrolein in the adduct undergoes aldol condensation with the third molecule of acrolein, re-
sulting in a conjugated structure. In addition, an HPLC-MS/MS analysis method was developed and it was found that the
reaction adducts exist in fried potato crisps, such as asparagine—acrolein, indicating that free amino acids in potato may
play an important role in the reduction of acrolein in fried potato chips.

Keywords acrolein; amino acids; elimination mechanism



