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L-Cysteine Hydrochloride Inhibited the Formation of Four Harmful

Aldehydes in Cookies and Improved Their Quality
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Abstract: In this study, L-cysteine hydrochloride was added into the dough for making cookies, and the effects of L-cysteine
hydrochloride at different addition amounts (0.3, 0.6, 1.0, 1.5 g/kg) on the contents of four harmful aldehydes, appearance and volatile
substances of cookies were investigated. The results showed that the acceptance of fortified cookies was higher than that of the control group,
and he contents of four harmful aldehydes were significantly reduced. The addition of L-cysteine hydrochloride at 1.5 g/kg decreased the
contents of hydroxymethylfurfural (HMF), 3-deoxyglucuronone (3-DG), glyoxal (GO) and methylglyoxal (MGO) in cookies by 28.75%,
62.73%, 46.27% and 36.59% respectively. The results of micro-solid phase extraction-GC-MS showed that the contents of volatile aldehydes,
alcohols and pyrazines in cookies increased while the contents of most ketones decreased after the addition of L-cysteine hydrochloride. The
results of cytotoxicity experiments showed that the water extracts of cookies with added L-cysteine hydrochloride could promote the viability of
human gastric epithelial cells. The above experimental results revealed that the optimal amount of L-cysteine hydrochloride for adding to
cookies was 1.0 g/kg.
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EAKEM. EARMAER, & ERuE R,
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B, ARSI & S EY 2 ET N
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gt e, Wareg SRHEREE (HMF). o-—
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AIAEYEAL A S-TER R IE- 25 (SMF), JE&RElS
5 DNA KB R M H BEAGBESUETED ., e sy
558 AR TR R AR B 2K 724 (AGEs),
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iRt TP E, BRIEERRE T LA AR 2
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TEMHERFEN BRSO, LEE R R
EaEdg, FREEZ) 1x100 10, B — s ),
BE DT 2 19 52 201 9 I R T 580 B A R I &5
M, EEAFERT. LEREBRE . ki
PR s a) Z Fg,  HHE RASINRA Ig
60%LA bo [FIS, L-Phtaiic BTN, o
3 N A AN 25 A s U,

MR R AT AR 7T, FEARSR KA R Pt vT
L5 3-DG. GO. MGO. HMF FERUINEYIFER-k4n
MR, PRSI RRGE 60 5P, A L2
PR BRI/, B R E B IR E; L-2Phk
GIRERIR R T R A, ARAE =5 o s R

BES i & PR A EDURIAT SO ARA . L, A
FIERDR AN FEIA IR ) L2 e R SRR £ hn T i =5
t, WHFO A ST 4 B RS = A

BEPERIFZA .

1 MRERE

L1 AR5 A

/Ny, i B e el & i I G TR
AFE]; BRH. BRH, REEFEmARAR; —H
FEWN. FALEN. TERE. BRREAN, YA, K
ERRARAT; 2,4- "R, AR . FIRE,
R EBRTAFIE R AT 5-F FFEMERE (98%), b
A REEHERAT; 4. AR, BR300 40%
K, A RBEHA R AR 3- 4 6 % b
fiil, =K TRC A FRA A LR ERR L (99%),
e e L EMRH AR AR MTT, 425 BIOFROX
AT,

12 E5&%

LC-20AT FGRAH i . GCMS-QP2010 ULTRA
S ETE-FUECHAL, HAREAR: Centrifuge 5810
R B.0AL, #8E Eppendorf A ]; XW-80A A i
REAG R PE AT XES) s SPECTRONIC-200 43
FHELE, FEER K QTS MY, JEE Stable.Micro
System A A

1.3 SLIF %

<1 phEECR
Table 1 Cookie ingredients (g)

DEA W Rdbs BAE BEEA4N B Hkd K RFER BEAs

100 1.00 1.25 42 1.00

24 16 22 1.50 0.50

13.1 W3egHl &

ZREEE AACC 10-54" 7w EdZr. #h#a
JrnE 1 JREVNEMA S LR B
N, EACEEREEGESRE, IR T3, E.
TATHAT; 2SR BUR R . RS K, RAEH
AN LR R R AL (LIRS SR
TIE~ 0.0. 0.3, 064 1.04 1.5 ghkg) HIFHRATER.
K-S TR R 5], BT O BIBLE Py Rl 2
JAETIHA 45 min J5 EEFEH, 1200 'CTFHERS 15 min
GEETi
132 BN

IR E RN NEL, INAE 12 LR (3 L3
A9 24tk 4E0E 21 2 24 ) I ZFRE AT VRN

STAINEI . TS, BR. SR, IR . FEAEK
JEWRGANRRE T BRI S B O B 0~20
gy, B 0~15 43, &K 0~15 43, EHk 0~15 45, 4H
JRUEE 0~10 43, ZEG/K 0~10 43, JEk~15 43
1.3.3 w3 P IEL MR A R b e

MRS s R ISl SR A AR L
TGN h B R o B S @ IR i 1 23 il i
A 40 mL TIASRAEH, T 60 CHEERZM FIRFAE
HU 30 min. WRPREEHE, KRR RI4E N AR -
JRAEBERAGERED, T 250 CHEHT 3 min, HEATMHT.
2. DB-SMS thitF: (300 mm*0.25 mm, 0.25
um); HA (B E: [HERHE, 0.8 mL/min; Jt
B2 VIl 40 °'C, fRE 3 min, LA 5 C/min A&

199



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

90 C, ZJm#%& 12 “C/min F+% 220 C, {£F 7 min.
FRiE A BRI 200 C, HTAER 70 eV,

B TSN T Celectron impact), JlEFFHTE

FEl A 30~490,

134 @, RHmE

K B FEVERT AR S I BT, DL L,
a*F b NELESE TR AT ORI 234 5 1 i
¥ (BLEHRSL TA11/1000 F1 TA90 “F-5), MIATE R 2
mm/s, flR SR 1 g, IREERE 2 mmystl.

1.3.5 W RKRM G H &

¥ 1 g WHE G AR FE A E T 50 mL & 0EH,
I 5 mL LB 77K, JWjE 3 min, 7E 10000 r/min
B50 10 min, W& BIEW, 5 mL ZEF/KEERE
WK, & BiEm, HEEFKERE 15mL.
1.3.6 HMF &9l 2

F A KR 022 um JEREE)E, 28 Huang
U T, BT W RO i o, itk N
Zorbax SB-Aq H. ViahHH: 5%HEEAKER: FEamit
FEAARA: 10 pL; E: 0.6 mL/min; KK 284 nm.
T HMF At 2 . HMF b 28 i (e )05
FEN y=101278x-145308 (R>=0.9992, £& Pt 10~600
pg/mL). FRALEEELE 3 K.

1.3.7 MGO. 3-DG & E.

X MGO 1 3-DG [Pl R H OPD fiT A1k AT
TERCRH EATERIN, B 1.0 mL AR KIEY S 100 pL
10% (m/V) AR R BEABIRE G, 60 CKifkE
FATA 24 ho BATAE SR RIEA I 0.22 pm BERE LT JE,
WEEIECR A HPLC 52 . YRAISIGTE 60 C/KHt
Hn#k 60 min, ZR/EHCHA 0.22 um JERELEE, Uik
FEWHREDHT . R Ou U7k, FEAESLE
Zorbax SB-Aq ¥ Fi#EAT, WishtH: AN 0.1%LEK,
B N, FATHEEEM, BEREFRE:
B=28%~43%, 0.00~15.00 min; B=43%-~75%, 15.01~
30.00 min; B=75%, 30.01~35.00 min. ¥ii#: 0.8
mL/min; #EFEE: 10 pL, FEiR: 40 C, KK
314 nm. L MGO A1 3-DG HIbrdE 347 E &,
Hr MGO %5 0.1.0.3.0.5.0.7.0.9 1.2 pmol/mL,
3-DG #Z N 104 30, 504 70 90, 120 pg/mL AL
I IMASARAERT 2R [0 5 FE: MGO S y=2128405.56x-
12276.93(R>=0.9996, £ H] 0.1~1.2 pmol/mL)3-DG
N y=21986.31x+3027.17 (R>=0.9999, £k Fl 10~120
pg/mL). FRALEREE 3 K.

1.3.8 GO &z

ST GO HIRINR A 2,4- 3L pHT A5k

TR RO BRI . B 0.2 mL A KIEMIIIN 1.8

200

mL ZJEF1 1 mL DNPH G&EEN 12.5 mmol/L T 24
JEARERIR 9:1) TREIISIELE 70 CARIH I 2 h,
AHGHCGHE A 0.22 pum JEREEE, WIS
A Ou 25 59, FENAE A N 0.1% 208K, Hish
B NHEE, #ATERREEGENL, PR R E
B=28%~43%, 0.00~15.00 min; B=43%~75%, 15.01~
30.00 min; B=75%, 30.01~35.00 min. #EFEE: 10 pL;
J#: 0.6 mL/min; FEiR: 40 C. &K 435 nm.
2l GO MIbriE &k &, Hd GO Kk E
J90.01. 0.1, 02, 0.3, 0.4 pmol/mL, HIASZIGIE
GO bR ZR R R T y=3095277.65x-15928.29

(R*=0.99, ZMEVEH] 0.01~0.40 pmol/mL). b3
23R
139 fmfiEh

JEIE MTT Al th 27K S0 N BRI b R 4

(GES-1) EtE, ) 96 FLANMIRTFRARHMA 100 pl
10* cells/mL ) GES-1 4UMIEARAER, SRFEIIA 100
uL AT ZKIRMIE 37 CREFRFEHESFRE 24 h, BRREFHE
W, FH 120 uL &7 5 mg/mL MTT #RIIE SRR 502
Y, 37 CHkBEFE 4 h JG&RIbRE R, BRRERI,
FLIIA 150 uL DMSO &, B THEK IR 10 min,
SRJSAE 570 nm AT INR L . AL E S 3 IR,

L4 BdE AT

SEISHHE R FH Microsoft Excel #AFALEE, ffiH]~F
PEhriE 2% (meansSD) FoR, W SPSS 25.0 # At
BT 25T, FHEAE p=0.05 /K°F F#E47 Duncan’s &
EMZEF T

2 ZR5WHS
21 L-tptamamibxtdaAe. €F

H iy % vl

REPN ISR R 2 Fioc. WEIE. TES. &
MR, EER. 4ERUE. BRSBTS S
BT, IIN L2 s R £ IR 25 J5 23 (B PN 1S 20
TAH, 4 L ERERREL A INE N 1.0 g/kg I,
& R VPN S 5 B e

2 R ] LB = AN EekiE, B LHE.
a*(EA b{E, Hi LHERREA (0 /A (100D
Fifh, a*HERGEE (- /40 (), bMERRED
(=) /# (1) P, B L-2ERRE R R SN I
IMER, L*EEESE R, b E TR, IFsE T & L-
PR SRR ER A S5 2 A
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R 2 L-F B ERE RS A A R R B 1T HISG
Table 2 The sensory scores of cookies after adding L-cysteine hydrochloride

LR 28 2 B2 b /(g/kg) e & ERN ek IR E £ JEok
0 9.71£391°  933+2.67° 10.54+2.43" 1834+623" 541+1.92° 631+1.81° 9.82+231°
0.3 10324437 6.93+2.41*  10.28+2.52" 20.40+521° 6.83+2.13° 6.83+1.33%  9.69+3.03*
0.6 12.1243.53%® 9544224  11.73+1.34° 19.32+5.08° 7.58+1.24° 6.89+1.64° 10.11+2.01°
1 14.144324°  112+232°  11.1742.41° 20.63+4.13" 7.46+1.41°  7.01£1.02*  9.90+1.82°
1.5 12.38+2.81°  9.63+1.80° 12.11£1.21° 19.94+4.42° 659+1.77° 731+1.73* 1021+1.67*
E: BIERTHFIHMELSD (n=3), RIFEHERRATHERLEZEEH (p<0.05); TFF.
60r L f&#i#r+ 3-DG. GO. MGO & .
L S0 :;E;i_____;———————~"”/////!———~———~! 22 4 LB SR AT 3-DG. GO, NGO FORAIR (me/cp)
§ 40 - Table 4 Effect of L-cysteine hydrochloride on 3-DG, GO, and
*-'i 30l }—\;__—.\i_\‘ MGO in cookies (mg/kg)
% Lopk 2 as
R . . s . . ;;&jgéi; 3-DG GO MGO
1or 0 64.63£531°  61.61£0.62°  40.11+0.49°
%0 03 06 10 s 03 45214033°  56.7120.14°  36.42£038
L- PR R R 5 / (/ke) 0.6 47.9240.92°  47.73£0.73°  32.23+0.41°
1 LB ERR R B B AR 1 28.08+3.31°  41.02+0.39° 30.31+0.85"
Fig.1 Effect of L-cysteine hydrochloride on the color L5 24.09£1.78"  33.10+£0.37"  25.43+0.73"

parameters of cookies
BEE PR B IR FR s, RERE ST A R
£ 1.5 g/kg ININEI RN T2 B # A, MHIEER
FIN. FeL, LA ai shi wh nl ot h 73 AL 1
B S ML AT ORI sN, A]{o8 3 11 RRAR A5 B IR
g,
7 3 L-F B ERRE AR E X BT B ARSI

Table 3 Effect of L-cysteine hydrochloride on texture in cookies

L-FBrEgER .
. Y v rgE
45 2 /(gke) %5/ g Bt /m]
0 6301.124£275.24*  27.2148.60°
0.3 6883.67£386.33"  34.07+7.43°
0.6 6900.33+£665.46"  79.63+18.42°
1 6593.18+650.56*  113.91431.04°
1.5 5684.114932.12°  212.54+38.13¢

22 L-$RAamBRExd Ty ZREMNE

U LR A

TEARSESG R, FRATHEFE T LR SRR b5
ZF 3 A ERFEL S (3-DGL GO MGO) 54 »
THIEAEY) 3-DG. GO MGO Sk et R AR S
W ST NREERE= A FER, AR5 R
IR,

HH3R 4 FIRN, L- PR aiRshme sh 0 ] 525 1%

Y LB E R SRR SRS IR 0.3 gkg B,
3-DG FEEE N, WD T 30.05% (p<0.05), [iE
TRINE4RS K, 3-DG. GO, MGO #5742 P4,
LR R SRR SRS IS 1.5 ghkg B, 3-DG. GO.
MGO &5 FHET 62.73% 4627%+ 36.59%

(p<0.05). PMERIBTFEH, Liu 25250 TR A&
AR R 4 BB MGO. GO & i 32.60%-
40.48%. SULEE AL, L-2P iR Shie #h RO 4T -
SIGLE R, L PR SRR £ th & e AR ) —
BB AP B B AIHIER],  BeA St PR
FEHF A RIAEY . XA RGN LR i i — ik
FALEPIRRR T a4,

23 L-fRtAER 3 B 3t HMF 8 %

R 5 L-F B AL ELER LT ET 1 HVF AYS2NG
Table 5 Effect of L-cysteine hydrochloride on HMF in cookies

LR B 3 B3 A& /(g/kg)  HMF/(mgkg)
0 211.34+5.66°

0.3 150.59+0.63¢

0.6 93.77+7.34°

1 51.2240.10°

15 36.02+0.24°

E: RO FERRREEZREE (p<0.05),
BRI HMF 7E =R E T~ RA s, iR
. _ERPE . R BRRURE A Y g s T,

201



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

TN L-P e R SR8 26 vl 2 3% Pk th 55 1) HMIF &
B MININEER 03 gke 5, HMF 53 NFF, FHIK
MEFEIAS] 28.75% (p<0.05). Ak&Emfn L-EiraEmeh
FRER NN, %R BER I, BINEZE 1.5 gke
i, HMF T 82.95%.

24 - PEam i B gh ot i 7 P 4F RO AUk
W1 o 19 % vl
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Fig.2 Gas chromatography of volatile compounds in cookies
after adding different concentration of L-cysteine
hydrochloride

E: oar FE; b L-FBERBMBREIRE 03 gkg; ¢ L-
FRR AR B RE 0.6 gke; di L-FMEEEEERE 1.0
gkg; e L-FALaBRibmhRE 1.5 gkg.

ez v] LLB I BRI N AE A Bk X
R, RN L2 IR R AR RS, ih 2 P A% R P
REFNENGE B BT, BRIRRIR 71 K 2 B o & &
e WK 6 Fw, KR & i FH I AR —1k
VRIS . ML T AE T R ZH RS 1) 2- F S IEE s |
2,5-HIBEMER | 2,6- T FEERIEE, 2-2 FRNEE, NN
T LRI R SRR RS 3G N 1 2,3- R, 2-(1F
PI3E)-IEe . Frhasn 1 L-F R IR SRR #h Je 2-F
MR, 2,5- T FRIEIEER . 2- 2GRN R A BN T
72.51% 92.54%-. 40%, 2,6- . HIFLMLEE & B
11.18%. P25 £E 0T B2 bRy I B8 i . 2B
REZR B 3-PRIRFAEE. -, 1-220E. 1,2-8
B, 3-FAEE-4 RJA-1 WL 2,3-7 B, HHEE, SN L-
PP ERIRER S 1,2-0 . 3-HHEE4 -1 B
=BG 72.22%. 100%, zi:Eﬁ@‘“ LSRRI RER
CBE, 3-PRMEHEE, MRS BRI E 80%. 25%-
8.15%- 4.65%. @@%’é%[ﬁﬁﬂﬁﬁéﬁqﬂmm 1B 28, T
M OBERE. 2,4- T HEEIORFIE. SRR, WRIN Lt
QIR LS8 1ok . |eaX-2,4-28 AARE . R
Mg, 2-MEWY RS, AN T LR R SRR LS, LA,
24- WL IORHIEE . SERERE S E R 85.71%.
728.57%- 66.67%, L. B S & 1K 88.24%.
43.59%. P45 AT HRZE A AR 21 1-583E-2- P
3,4- 5 -6- S 2H- ML IR -2-H . 5- 2.3 A -2(3H)-Ik
WA 2,3- 53,5 —FR5E-6-HSE-4(H)-MEig-4-Ff . 3-
HIE-12- 30l 158 8E-2- TR 2-BRi. 3-[3-1%
HIE)-7-5-3,4- A -10-F36-1,92H, 10H)-1Y g i+
2(5H)-MeMEglR . 5 -5- R FE-2(H)- R, 5- T R
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H23H)-FRIEHA . —5-5- I HE-2(3H)- PR . 5- Ak
TE2(3H)-PRREER, ASINATEEA SR EAAAE, A&
HRHEA, ERNT L ERERERE S 3-3-
TRORFE-7-80-3,4- &-10-322E-1,9(2H, 10H)- Y i —
Pl 2- B 2(SH)-WRIEER , 5- T % 5 -2(3H)-PRMREH
TE-5- KR -2(3H)- R R S & A R 200%
17.24%- 7.69%- 46.27%- 176.14%, 1-§23E-2-TAH.
3-FBE12- A 12T A5

-2(3H)- Pk IR R 4 o3 75 B 0 ) PR AR 4.75%~ 61.90%
79.31%- 42.67%. X 1] feSe RN S R AL AR )
SR S B2 B AR IR e B 358 (1) 7K P05 1 R o S A AT
BEFRIIAL S, BB, S Bl & -MEw) 2 P Ak
R B AR IR 4-FFE-5-(beta-F2 2
FoMERE, FEUNIN L- MR iR SRR S0 T 2- 22
IEIE, 2- 2 FRIGEIE .

7 6 L-H B EEREERER X B IE & M R B A 220
Table 6 Effect of L-cysteine hydrochloride on the volatile flavor substances in cookies

gp  RENE Hetth 7% ‘ ke A
/min 4] 03 0.6 1 1.5
12.01 2-F stk 1.7140.15 1.81£0.06 1.90+0.39 2.29+0.25 2.95+0.06
13.53 2,5- = HotkoA 0.67+0.09 0.56+0.01 0.87+0.27 0.82+0.07 1.29+0.09
ok 13.74 2,6-=F H otk 1.5240.01 1.00+0.01 0.99+0.05 1.04+0.05 1.35+0.04
13.82 2-T kot 0.35£0.05 0.41£0.01 - - 0.49+0.01
24.67 2-(iE A 2Ltk - - - - 0.05+0.01
14.08 23-=F vk - 0.16£0.01 0.18+£0.01 0.22+0.01 0.270.02
6.93 173 1.02+0.01 - 0.07+0.01 0.11£0.01 0.12+0.01
10.45 eSS 0.77+0.44 123+0.25 1.60+0.39 1.89+0.09 1.43+0.31
16.44 L3S 1.17£0.19  0.99£0.01 0.79+0.02 0.66:0.03 -
21.41 24- =9 R FES 0.07+0.02 0.18+0.01 0.40+0.18 0.52+0.07 0.58+0.09
. 12.60 FheEE 0.15£0.01 0.24£0.06 0.35+0.01 0.23£0.01 0.25+0.06
o 26.03 Mo - - 0.48+0.01 0.75+0.06 0.75+0.18
15.84 2-+—tHEs - - - 0.4120 -
15.84 B2-+ Helk - - 0.32+0.01  0.40+0.01 -
21.32 B X245 s - - 0.2140.01 0.25+0.04 0.32+0.03
17.41 E S 0.62+0.01 - 0.5140.09 0.52+0.07 0.70+0.11
19.89 27K B - - 0.06£0.01  0.09+0  0.16+0.08
22.02 KB 0.15£0.04 0.10£0.02 0.14+0.01 0.27+0.02 0.12+0.01
12.44 LA RBE R B 0.7240  0.90+0.01 - - -
19.43 3wk 1 BE 3.1940.40 3.35+£0.02 3.58+0.53 3.66+0.35 3.45+0.18
_ 11.58 -8 0.37+0.04 0.54£0.01 - - -
18.04 -2 0.24+0.01 0.28+0.01 0.20+0.03 0.21+0.01 0.23+0.02
18.51 1,2-A B 0.18£0.09 0.13£0.05 0.05+0.01 - -
17.34 3-F -4 K b1 B2 0.13+0.04 - - - -
17.72 23-T =B 0.47+0.37 - - - -
15.04 ot 0.86+0.12 1.48+0.15 0.92+0.04 0.92+0.04 0.90+0.02
12.78 1B -2-F R 4.00+0.44 4.76+0.03 4.55+0.86 3.86+0.19 3.81+0.20
18.56 3,4-=5-6-F HL-2H-rttwg-2-BF 0.08£0.01 0.08+0.01 - - -
20.03 5- LA = R-2(3H)-k R 0.07+0.04  0.07+0.04 - - 0.08+0.01
Lo 26.01 23-Z8:3,5 —HE-6-F A -A4H)-bh-4-80  0.16£0.04 0.49+0.24 0.54+040 0.70+0.13 0.89+0.23
21.59 3-9 H-1,2-3F % = 0.21£0.10 0.12+0.02 0.10+0.02 0.07+0.01 0.08+0.01
14.67 - 2.-2-T A 0.29+0.06 0.23+0.07 0.12+0.04 0.05:0.01 0.06+0.01
9.56 2- B Bl 0.87+0.14 1.83+0.13 1.05+0.05 0.98+0.13 1.02+0.11
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Gk 6
g REERE LA , ek sl
/min z4 0.3 0.6 1 L5
15.78 3;;?‘9%]}175;{)3:‘;%}_%0 0.1240.01 0.21+0.03 0.32+0.01 0.37+0.01 :
20.56 2(5H)-vkeh R 0.52£0.01 0.51+0.05 0.43£0.05 041+0.01 0.56+0.06
ERES 21.32 Z&-5-AA-2(3H)- K R 0.75£0.07 0.41+0.08 0.47+0.13 1.04+0.07 0.45+0.06
2251 5-T AR = £-2(3H)-"k 4R 1342072 1.5240.32 1.95£0.64 271025 1.96+0.37
23.70 ZA-5-RAR-2(3H)-"k h A 0.88+0.04 1.6130.35 2.60+0.87 3.27+0.30 2.43+0.25
24.90 5- T = H-2(3H)-k R 0.09£0.01 0.42+0.08 0.76+0.62 1.41+0.19 1.46+0.29
26.41 4-F J-5-(beta-#% LA ke 035+0.27 045:0.11 0.63+048 0.64+0.13 0.69+0.18
SEfes 2032 2-T kv - - 0.07£0.02  0.09+0.01 0.12+0.01
1931 2-LBtked - 0.69+021 1.07+026 1.73+0.08 2.40+0.12

E: HAERTHFHELSD (n=3).
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Fig3 Effect of water extract from L-cysteine hydrochloride

fortified cookie on GES-1 cytotoxicity
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