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Abstract: L-cysteine can significantly reduce the content of acrylamide and form new substances. To clarify the reduction
mechanism and apply it in potato chip processing, a high purity cysteine-acrylamide adduct was prepared. The target adduct
was synthesized by optimizing the reaction conditions, followed by reversed-phase column chromatography for separation
and purification. Its structure was identified by mass spectrometry, nuclear magnetic resonance and ultraviolet
spectroscopy, and the reduction mechanism was correspondingly elucidated. The cytotoxicity of adducts was evaluated with
Caco-2 cell line. Furthermore, potato chips were pretreated with cysteine solutions and the reduction of acrylamide was
detected by UPLC-MS. The results showed that the adduct with 95% purity could be obtained when the optimum reaction
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ratio of cysteine and acrylamide was 1:3 at 120 °C for 3 h. Its molecular formula was C;HoNO,S, with relative molecular

weight of 192.0641 and maximum UV absorption wavelength of 196 nm. It was formed by Michael addition reaction

between the sulthydryl group of cysteine and the alkenyl group of acrylamide. Compared to acrylamide, the cytotoxicity of

the adduct was significantly lower after 24 and 48 h treatment. Potato chips soaked in cysteine solutions of 3 and 5 g/L

before frying obtained over 83% of acrylamide reduction rate. In addition, a certain amount of adduct was detected in such

potato chips, indicating that cysteine could significantly reduce the acrylamide content in fried potato chips by forming

acrylamide adduct.

Key words: acrylamide; cysteine; adduct; reductive effect; cytotoxicity
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(D,0) Cambridge Isotope Laboratories; g & —
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14, 3% £% Atlantis T3(4.6x150 mm, 5 um) . Waters
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BT 10.0 mL HIERE NS T, %8, B 2.0 mL
afiZK Kz 2.0 mL 0.5 mmol/L AA ¥EWRAE R 2 A% IR
2H, PIZHZ R FE 160 °C [EIRMEE T Ik 20 min, B
HHRE IR A SRS 0.45 pm fFLIE
i g, B+ 1.5 mL BRI, &, 808 =R
1To RV AA S mEIE TR Yu S50 #2
I8 AORAR LG, IVERRHEITZR A AA WREEIKIR K
0.0.1. 0.2, 0.3, 0.4 F1 0.5 mmol/L. ARIEFruERTLE
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(25.0 mmoV/L)IEE T 3 P ANF pH Y MK R, T
120 °C VAN 3 h, R AW 35 2 e in &4 &
Hro RING AR s S AR RO S ] L g T A
ARIE B, SRk UG i i AR O I S AR R T /e 4k
1.2.2.2 Wi E M H pH7.0 19 AA Fll Cys
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J& AR A S 8 , RGPy g Ta AR
TR S s A3 T FR S5 56
1.2.2.4 Ykltk  f—xZ & pH7.0 19 AA Fll Cys %
IR, (EHM 57 1:0.5, 1:1. 1:3 F1 1:5,
120 °C A 3 h, SRR G0 e nG- 9
B, AR E R NI TR - B SR i &4
A= AR RN, 358 B B b R S & o
1.2.3 WAHEISEKDIEGY =% Jiang 517 1Y
TR E RN T ) o g S (%4 S Waters
Atlantis T3, 4.6 mmx150 mm, 5 pm. HPLC 43#7#8
JF: ishAE A N EEHFEE, B 20 0.1% LIR/KIG I
ST SR WRBIAH ViV p=2:98, #iiiK 0.4 mL/min, i
FEARFL 0.5 uL, FE7R 40 °C, KK 205 nm, #3500
B AR B B A T s R A AR IS —fk A
HWaiEE
1.2.4 &R S E
1.2.4.1 PERR SN EEEREIN &G E & RE
A LS FE e 530 14 SN SRS TG4, R FHVk
J Ve 40 5 48 2 N W R 4 ZE 24 4 3.0 mL, in A F|
20.0 mL F B, 3ihag; A 10.0 mL F EE 74% [E A RR
mi, TR, 48 2 A BN DRI G T, U HeAn, 1R dn

WANEAR, 25 P o LARAH AT 5357 0 e e 20 v A ]
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1.2.42 RAFRERALENTESEINGY SHRAR
AR [k, SR FRAR 2R BG4, e
FA A-HG RAHRERS . 5 3.0 mL 5.0% iy H B
ISR AR _ERE, 532k 5.0% . 10.0%. 20.0% .
40.0% F1 60.0% 14 FF B /K S W EA T4 BE e i, Wi
UM 53, FHTBOAR 0 335% 12 4520 43 H o & 0 4
1.2.4.3 ERUBAR GRS A ingYs  SRAMER&
0354 Ultimate XB-C g (10 mmx=250 mm, 5 pm)
TE Waters 2695 F—E4lifb Se AR AR )2 A 2 2
NG . BT VESIAH Vg V =21 98; Titid:
1.0 mL/min; #E3&: 25 °C; KT 1 210 nm; A
50.0 pL. FEAS[F] 4R BE B eI SR 2 4 25 A5
A(11.8~13.0 min) . ZH 43 B(13.4~14.7 min) . £H 4y
C(14.8~16 min) FZH 43 D(16.5~18.4 min), FH-LIIEF
B (LC-MS)MREIX 4 ~2H 53145 FHE -

1.2.5 JIEYIEE T FRAE

1.2.5.1 SrFEmfE B 1.0 mg ZifbEina
Ttk i, WO RSSO B S i gl B, I115 5
TN e 4% I LC-MS ¥l Hi—2% . — 2 ik
Tl B 4B IS (HRMS) I A5 AR X437 i
LC-MS &A% (a4 Atlantis T3, 4.6 mmx150 mm,
5 um; FLshAH A S EGEHHFEL, B S 0.1% LBR/KEE
Wi SIMTEAE: FEIAR V1 Vp=2:98, Jiii# 0.4 mL/min,
BEAEARER 0.5 pL, A6 40 °C, K< 205 nm; B+
5 HL IS 25 B YR (EST), 1E 85 71X, 3378 N
m/z 50~500; JFEHEEE N 300 °C, EEFMLIREE N 250 C,
FEYIE RSN 4000 V, #1000 Da/sec, filf
FERERN 15 eV,

1.2.5.2 'H FC iR B 15.0 mg 1b4&
WIEETF 0.55 mL SiAR R R, FHAZ ARG PR A 53 5 )
EALE Y B EGE ('H, 600M) | B3 (1°C, 200M) F
Dept-135 &l

1.2.6 MG EETESCE: SR MTT 35U 45
AWM E Cys. AA ZIn-EYxt NGIiE AN Caco-2 1)
AREFETE. FHEA 10% 64 175 1) RPMI-1640 5%
Fr FE B 7 Caco-2 4 i, HE 4 it %% B U8 15 1] 5.0
10° A~/mL & T I, 11 96 FLAHMEEEFEMR
A 100.0 L AHMEUE, dHpEak Lo 3 41, 53l LA
[l ) - e 2l . IR TRER . I ine & A A 2
FAXTRELH, e 3 B 3 N E AL ITs—dHas Xt
MH I =AEFL) . IR, 8 Zou 5P ks
FRANNL, B TR FEAA S SR IR 24 F1 48 h, JHiE 1Y
PBS W b XA G5B BR PBS W, FFLIMAS
A 5.0 mg/mL MTT i35 5L 200.0 pL, 37 °C 3%
F 4 h, KILIEFFE)E, BEE SR, A 150.0 pL
DMSO &, $£%% 10 min, ZEEFFRIY %2 570 nm
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1.2.7 IR TZEZEZHERIMT AN T
Cys X R AA FITHIAER, 43500002 B 25 v I
BRI Cys B WIACERAY A 2 A P&
AA 5 E.
1.2.7.1 FHhHmidiles  AfE T SRS HAERT [
IrE A TRTAC B, K E Ve i TR S 2, U]
VI 0.25 cm JERG 51, FREX 4 4y FE 5, B0y
150.0 g, e B F/KIG UM A R E ey, BAS
Cys /KW IE W S8 % 7 60 min(F K
Cys B S4351°4 0. 1.0, 3.0 Fl 5.0 g/L, X1 g5
SEH 10203, 4CHF 1 ES g, BlymyERT U
AR UL, Wi T oK 53 )E, 165 °C AEA: il kE
5.0 min, PR MEAITH, 25 -
1.2.7.2 2 R RPN IR A5 420 1 i BRURN 25 e )
EOOTHIFREL 4.0 g B, MR, 2 PR ERS I, -
43 33 20.0. 10.0 F1 10.0 mL 10.0% P EE/K ¥R 1E
HIRPRGHEEL 3 K, A IR EUK, 8000 r/min #.0», I
L FiEW, H 0.22 pm FLIEAR L g, S50 K| 4R
A5 1 FH 5 HPLC-MS ARSI AE, SR FHHAA R
HERM R S P 558 A MRM A HL AT 52 2 4 #T,
AT =R

HPLC {35 454 23545 (Waters Atlantis T3,
4.6x150 mm, 5 pm); TishAH A: i g B, i34
B: 0.1% L FR/KVE W WILG LB V 1 Vg=2:98, Jiik:
0.5 mL/min, #AHEFN 10.0 pL, PelFLF: 0~2 min,
2.0% B~100.0% B; 2~8 min, 100.0% B~100.0% B;
8~10 min, 100.0% B~2.0% B; 10~18 min, 2% B. J&
P45k ESTT, 2R 2 S Wil (MRM) A5 5C; YR R R
300 °C, EIFEFIMLIERE 250 °C, B4 K 4000 V,
FH#HE 1000 Da/sec, MH#EAERN 7.0~23.0 eV, Dwell
time ¥J°4 100.0 ms. PNMEERE RG4S+

[SISTNTNINTSTNT

ron
—oibkunaarbbo—ivkrnaaroo—whuaaxios

-
PR £

AU

Sooooooooo

XTREPEE FXTUNR 1 s . AA PndfEhZeny ik i
KR K- 0. 10.0. 20.0. 40.0. 60.0. 80.0, 100.0 pg/L;
Hinm-GWtrEth L&y B224: 01 10.0. 20.0. 40.0.
60.0. 80.0. 100.0. 120.0 pg/L.

1 NI AN B0 S P T

Table 1 Qualitative ion pair, quantitative ion pair of AA and
target adduct
(GRIEY] AR E T SERET SETEET
NIRTERE 72.10 55.05 44.05,27.10
Hpray 193.10 130.10 161.05, 104.10

*%ﬁ%——iﬂ \

1.3 R

YK JH Microsoft Excel #b3E, -8 bRiE
2% (mean=SD) F/R, 7 2Z40Hr 1 Duncan's b Z P25
SR SPSS22.0 HRAFALT, FR2H SEu H I =R .
2 HBRESHh
2.1 FHEREXRGEEZAYER &8 &I

Cys 5 AA 7£ 160 °C A% 20 min Ji5, FH HPLC
MEHES BTN, RE ST AA & BH SREAIG, O i
h 61.87%+4.3%, AA E IR UERIZ N y=82.947x—
1.8369, R?>=0.9998 .,

53 AN, 78 AR Y 0 AR 3 R R B T
Cys Fll AA IIgESN, B HBELT 1 A8 vig, LR B )
[ 13.5~14.2 min([& 1); @i HPLC-MS(ESI") £
AT, T BRI S m/z 193 BILZH 43 i SCRRHR
ER[FIP 72, Y Cys 5 AA KAE /RIS N, 7]
FR TR 192 BIMITE .
2.2 MEHIEFHRL

TE AR 3% & LT A A B T AR R FE A,
FRESASTRI S AR ZR L IROSIIRLRE . I B Rl A e} LX)
nEwIE R, 5R WoR (& 2), 78 3 MAR
71, pH7.0 4% Z& HrmT As I 00 4 g g e R R, JHE
KJ& pH6.0 ISR MR ZR, W] Wb P 4544 3 )
TG A il BEAE SV B TRIAN 1 h 35 m %8 3 h,
AA B, NG g T AR UL O, {H 4 h

2.0 4.0 6.0 8.0 10.0

(=]
P L L L L L L L L L L B L B L

120 140 160 180 200 220 24.0

PR EA ] (min)
K1 SRR B ek &l

Fig.1 Liquid separation chromatogram of adducts
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A Sr Km0, A2 10% FR e s AR RE CAE R, IEE G
N 2 H5r NG Al AT 38 60%, K A1 45 (g i 0k
g 0 —spalif s, WEFIRY 4 205, 4153 B R H AR
z3r : EPIRILEIE Tk 95% LA Lt 534k, 7E414) D sk
=y WE 53— T A 193 BILLSY, (HIL o R e, Aefig
gl SYBSARE S A T A S
232 HnIMEWIEEHRAE RV URTRIETS
0 6.0 70 8.0 g ARG P2 B SR, s MG it iR Rl
pH PR 196 nm, IR EATHGE; Ham sy 3emig (& 3)
. FI5r T FI6h 193.0645 [M]', #IA15 5/ 50T
a N 193.0641, 53T C(HNO,S, HREFIEE N 2.
4+ b c
g 1 066 193.0645
x3r 9.0e5
X & 8.0e5
=2t & 7.0e5
& o 6:0e5
1F % 5.0e5
d i 4.0e5
0 _— E 3.0e5 176.0381
90 120 150 180 2.0e5 215.0467
FVIREE (°C) 10e5 | s [94-0675 0o
0.0e0 =il i
C 5r SRS SS2I822E
Nl a b JFfar [ (Da)
g - B3 BARInGYE  BEm E (ESIAR )
X3 Fig.3 High resolution mass spectrometry of the target adduct
= d (ESI" mode)
=y
g 1 I H NMR (] 4A LK 2): 75571
I A 3 I ISE S (6,=2.62, 2.86, 3.06 F1 3.18 ppm),
0 ! 5 3 " 1 DR IS 5 (64=3.95 ppm); K H-4 Fil H-5 AHH.
S5 R R ] (h) G245, ¥ d W H-2 5 H-3 RAEMAG R, B
D 6~ J% dd U4, (BTSSR, TR, C NMR

WA AR (x10°)

(=3

a
b b
4k
2k
c
1:1 1:3

2:1 1:5
S LA (AA: Cys)
B2 BROBLAEAEXT G P s s
Fig.2 Effects of reaction conditions on adduct formation

H: ARVNE R RER B, P<0.05; # 7 [F,

Bk, i a0 4 T AR AN G 2T 3 h Bk Bl R T
XA B A RZ IR, 2 S RTE)E A 120 °C B, i
B AR R, 150 F1 180 °C i )m, Hom&#
PIEIEALT 120 °C TR IN; 24 AA 5 Cys 194
kLGSR 1:3 B, BARIESagEm AR R (ULIE 2D) o
LRGSR L, SO, JE 22 4 S5 E N pHT.0.
120 °C.. ¥ 3 h, ¥kt 1:3.

23 MEYINESERRIE

2.3.1 ERURAR OIS aif HAsin&% 4 HPLC

1 DEPT % (&l 4B~&] 4C 13 2) BBt iEss 171k
HEWIHA 2 AIRIER (0.=177.23, 172.81 ppm), 3 4~
WEFF3E(5=32.08,27.02 F134.66 ppm), 1 TMKFF(S =
53.54 ppm); Hi il 3L 6.=34.66 ppm IV IE 6=
53.54 ppm DR ER S 1A, 6.~177.23 ppm
PR IEAR IR U i TR S s 45 i e A
BT a SR (& 5, 32 2) FISCHRHRIE RS2, iZ H bR
& W5 R s 2-80 3k -3-(3- 2 JE-3- 50 - T
IO Wi FE-TN IR o

Zamora 2P FSE T 2 LR -5 PN BRI N 1)
AL, 2= 8H T 38 08 v R S A A M Es I B DY
SRR A, T P= A AR Y AY 3- (R 32038 ) N A% o
FH DEFEI S R W AHLER (E] 6): e n) st A
PRRALIE, (E—E A AT 5 o, B-ABEFIEREAL
(DR ) & A IR N
24 MEPHIARSYE

AA MIFESGE T I AT, BRI,
Cys A A3 RN # s 75 bR s i T & &L b i AARS;
FH 3RS E n] I E TR LERE: Cys 5 AA JTEAUING
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