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An Update on Reactive Carbonyl Species and Their Effects on the Formation of Chemical Hazards during Food Processing
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Abstract: Reactive carbonyl species (RCSs) are a class of active aldehydes and ketones. RCSs are formed in the body
through a serious of reactions such as lipid oxidation and glycolysis as well as through lipid oxidation and the Maillard
reaction during food processing. RCSs are usually kept at a low concentration level in the body, while high level of these
substances can cause diseases in the body. The intake of RCSs by the human body mainly comes from processed foods.
Furthermore, RCSs can induce the formation of other hazards during food processing. Therefore, controlling the formation
of RCSs in foods is crucial for nutritional health. This article reviews the formation and biological activity of RCSs as well
as their impacts on the formation of chemical hazards such as heterocyclic amines, advanced glycation end products (AGEs),
acrylamide, and polycyclic aromatic hydrocarbons in food processing. The aim of this study is to provide a reference for the
safety control of RCSs during food processing.

Keywords: reactive carbonyl species; food safety; heterocyclic amines; advanced glycation end products; acrylamide;
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Fig.1  Chemical structures of common RCSs
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(9-hydroperoxy-10,12-octadecadienoic acid, 9-HpODE)
13- %-9,11-4 )\l —J&fE  (13-hydroperoxy-9,11-
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wA2M AL, R T E 2 i SR A AR AR RN
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Fig.2  Major intrinsic formation pathways of RCSs in meat products under

high temperature treatment
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Fig.3  Biological activities and toxicity of RCSs
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FEC A B 34 T LA a4 52 MR BB RS T I AR R 55
3 )50 200 B 1 A el A T e B A 7 2, T A A
ABRAM, ELRIHOE AT LB IR FDNA S S 1%
SR G E I 2 5 22 PO 2R S AR A R A
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SRR SaG b, B SR AR Y M GO B 35 i
FrEm B AR5 £, FEuE T RERE . i pE A
Sy R PRI ERE AR, (RIS R I 2 2 2RO SR
FKIIMGOTH i Al g2 T F2 BB JR B . Hanssen
W T 1010 41996451 H 2200643 A #17 fI2
RS IR B, AT A NMGO. GOMI3-DGIKE
BEATREI, SRR, MR TEEATNS, BHEEN
FIMGO. GOMI3-DGE HHir2~4 5. #4:28 d&5 M
PESD K B S60 mg/ (kg « d) MGOELK K v i i
1 mg/100 mL MGO, 23 UK A A (195 %) 8% K~ 7+
R IR KSEI1.72 £, TS 5 2 32 A IR ) 2R v A
JIE: 7 200 0 v 8] 257 47 B 32 B 11 43R 08 43 Tl AR AIG 2 e HELAEL 1)
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JHL 8 FAE . Liu Dan™*H1Zhu Jinjin'"4&4E R 51 GOXS
MNERE B 2h i 4% & 7--xB (nuclear factor-kB, NF-xB)
SR R T, 4GOWE 0.5, 1 mmol/LAI2 mmol/L
I, p-IkBEFAMFREIZG L, 3 Hp-IxB/IkB LR &
ERIN . ACRAT @ AR W Fh 7 20k 0S40 il HNF-xB
g, HEMEHERAERERY: 1D SR RS TEEAS
PEA R A, Bl D BUENFBE B 2)
ACRH JoF 5 M A A4k 066 41 B S 185 i 2 1 40 B R g 3
BEIR -0 (tumor necrosis factor-o, TNF-o) (K142 I3
I, XA AT AR NF-«B

3 RCSsfrRMfMMILEEMRIE R

J¥F % (heterocyclic amines, HAs) . B FEAY,
2K P*¥) (advanced glycation end products, AGEs) .
PWIEIEZ (acrylamide, AA) LR ZILFHIE (polycyclic
aromatic hydrocarbons, PAHs) Z5J&m gl & ik /KAl
R AR B JERHE $in T R AR A R R o
faHEY . Ding Xiaoqians7F # 2 P hkd I 319 H- i i
[4,3-b]M5| Pk (9H-pyrido[4,3-b]indole, Norharman) . 2-

R 1-FIE-6- LK [4,5-p]0ERE  (2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine, PhIP) F1-F -9 H-nng
[4,3-b]M|Wk  (1-methyl-9H-pyrido[4,3-b]indole, Harman)

22 FhHAs. Xue ChaoyiZsP"7E 5 4= PA 0 i 0 21 V°-
BRI E IR (N-(carboxymethyl)-L-lysine, CML)
N-$8 L H W B (N*-(carboxyethyl)-L-lysine, CEL)
FHAGEs. Shi Haonan ek it KL, AAGRIA
F126 png/kg. FRRNT AR S A R S B ERHE S
TSRS R AT A A % . S & R IIRCSs.

Papastergiadis I 71 2 B, A A1) LA A A ln T A A 1
s, HNE® S-FIEIL 110 pgkg, fm Al ik2 047 pg/kg;

TMIMDA & 83418 9106 pg/kg, fx k882 ugkg. i
MRS, BRRBR 2 T 5T SR B A 0 AR R IR C S s
5HAs. AGEs. AARIPAHsZ N T /& E W) I A %
VISR, —2RCSs 15T FIR N T F I i) #
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Fig.4  Formation of hazardous compounds induced by RCSs during

food processing
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p- IR RIS R 2 ) B L A HEHA s E B
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dimethylimidazo[4,5-f]quinoline, MelQ) FIPhIP%E, HE
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Z, FEABRAENE. Bustt. OUEMS. e,
DR L 32 1) it 2 A s o o P AR
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BREEMMEN, WA FHASTE 51 E 2 T
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3,8- UL BRI FF[4,5-f] R k-2- % (2-amino-3,8-
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Ji, MGOF 2 T M el Qx iy e ) R4, 7EPhIP
TR R, R R R A Strecker [F MR [ b AR K £
B VR R AE AL S AR RROULER IFF,  [FIR, RO H &
ok 4R g AR R RS A R, 4 OK 2T R LR T J
LB f5 — P, W28 B 5 K R 745 APhIP )
e, SR R 5E #E A PRIPAL 2 2 . Hidalgo%5 "4k
t, #EHIRCSsH] LA E T HASTE il .

Jing Meilin%" W 55 £ B, EPhIPHL AR AL o,
24 ACRMIKR E 40.16 mmol/5 mLIEf, PhIPAE B & H A
BN BN 7 622% . HidalgoZ“"BF % K BL, 76
PRK R, ACRFIMGOSE 1] LA 2 5 3 M el Qx ]
RCSs. ZamoraZs [\ Feth R 1, 45 Ak 2 i ik &
G G R AR AR, AR AAA R Pk A MelQIE ik
HidalgoZ I, 8 b 7728 B E Bk R 24 05 12
SERTHASPH AR, R AR LA 5 14 ¢ = ) A R 5
2 LA R 1

AR, AT DAV I — L) )5 K HI $9RCSs X TE i HAs
fIVEH . 1t Zhang LangZ5 VR 1L, TRIN2%4E 3 2 7] LA
> EXG R R R R (AR AR L
T T R €0 S I 5 Wi AR 5 5 B R AW I PhIP . Norharman
FHarman f) % B, HAN ] % G2 IA $]64.33% . 17.09%F1
39.36%; 0.07 mmol/L22 3% & ] LU i 42 ] FH I A £ i 45
RCSsY i kA 1,2,3,4- VY & -B-FRk-3-3R 1R, ATtk — 2
k% P Harman Al Norharman [ T 5. 5 bR,
T I 1 4 B - S BT AR T A pHARL L 3R FE AN B SR
IS ZH, T AT Rk 22 B 6 AT LIET 2 10 AR LA/ RO,
3.2 RCSsHF AN Lid 2 H AGEsTE B 5% MR
3.2.1 AGEs

AGEs 2 H i % W5 AR B SR o B s dt 5
JE T R B R b I Ui S R IR RS T A R —
RN NARH FERYFRC . AGEst 1] 43 Ky Py 5 I Al
SMETE, WIEYEAGEsZE AR . A8 IE
B AMEVENE MDD TR IRUTMEO RS &

E s Y h AGEs & BOm i TR A
H #1525 AGEs K F 80 R 4 40 310 & 5 &
10~100 15", AGEstH#RIIE W] 5 Lo A 220 55 DI AR 9%
AGESsTE P & F AR 2 23 i 5 53 45040 B 0 2038 %358
P2 B 2R K, AT S BT B R A, 51 o 2 HH B
Z RGN L O T B PN ISR RE AN B B 3 s R0
CMLACEL /& 5 Fh 81 B [ AGEs . B H M A %
(76.04+15.3) mg/100 g CMLF (436.94+88.1) mg/100 g
CELY MR 1 Wistar KB, 30K R PR 14 I35 7 267 7
JES R REKF TR, MR, 2R AKCTRERET,
N ARSI R I, AGEsHIARINAES 51 /N R
2R B SO0 B0, T BN SR T R ek A
W1 W RN . =k B AGESTE 4 N I5 23 5| ke AR 4L,
NI BB REREAL DL K — U2 s 5 At s
322  RCSsHIE S0 Tk F8 rh AGEsT R 1 82

AGEs E BB SR B R N TR, IR 1B A
i
TG, B BRIE AL JRRE 5 A R S R I Ui S
QIR AT R, T AR E IS R, FiE RBm &
WA IR 5P EHE, H AT e I Amadori H HE
P, AR RS PR . /N 4 Amadori R )
A LLE I Hodgei&: 12, &AW Atk . IRk Bk it
2, BEEHANAGES™; B4 Amadori H FE = 4 AT LA
WK AR SR L NGO MGO. 3-DG
Fla- NGV EAGESHIAYI T, XLERCSstL &)
5k A B O 4 A R IR N IRAGES' . [,
I JERE I R EAL (WOIFBRAR) & JM i S8 1k 2L i
(Namikii@&2) ML &4k (Acetoli&fE) FILLE
FSAH I P o= 8 A A ) S v TR A, e v ] A g —
b N B 28] T A GEs! ™

ARk, A e RFIL % e 1202 AR R 2R
AGEs"®, RCSsH[ 2 5 jin #hid F2 o ) 3¢ $7 18 & 3 i 5
AGEsHE R, i, {EEhExpEfEs, MGOS 5
SATRYR KL 2 M A2 B CML,  3-DGHJ LA -5 i 2 ik ik 32 2 i A
MCEL. Bgitz4h, 0T & &HiE/7EGOLD. MOLDA
ML IR ST A IAGESs, ‘BRI SRCSsH —E 1%
RN, ARG ST SO A G R I, MDA RS
PP AGEs & & R —E IEM XK & . Liu GuimeiZs™
JE A A IR - A AR AR R ORI, R AIT100 umol/L
Witz &0 B R GOMMGO & &, Rl 3k — B f b 1
AGEsA R, S50t FAHEE B T GORMIMGO & 2 5AGEs
TE R I B R
3.3 RCSsHI & fboin Tk FE i AATE B 5
331 AA

AARE KA G SR AR 9 b A S N T
AR —MAER Y, BAEBENSUEN. EEE
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PEFIRRZ B, WA PRI, WAL, SR
B AEET, JohnsonZEB VR, M KRBET
2.0 mg/ (kg +d) AAR, MEPERBEILR. FARME.
XA RS SV 7 B R R R R R R
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N A B w22 15 M AL 5 4 i 2 B ) S R
AL BEERA S FPE AR Sl I RS 1 8
E X EP SN
332 RCSsXF AN Tk #2 s AATE i) 52

SR I B R A TR & AR SR AATE ) £ BB
T 2R A8 SR Fp (I B, R A% Tt M v P U 5 2 /K o 4
Wi, SRESBARIENHEERE. RBEMGOEFRCSsH]
G T B AT 8 IR R, % F K 42 Amadori 2 HE
A EHEY, AR — D KRN B U R )
FEAL S WEERCSs, SRJERCSsiE T Strecker [ fif 8 42 5%
N-PEHF BRI RAAS . 5K, AAKRAT @S H AR
JS7 38 A3 AE B o T 22 B R O 0 P R S BB R AN
GOZERCSstb &4, RCSsitt— 25 Fl| FH R A Bk i it T 1k
AA; BRI J BRI Amadorif= 4 AT LU ok 7 i3 -4 2
PRI i 1) i ) 7= ) B e e e A R AA™Y

Yaylayan5 " 50 R B, FEAL 2RI R R IR IR IEAL
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Gih AAERCR AL RN 19 pglg, 73 AL ININAT Rk 2 6 4
AN SREI (93,5 5 A02.4 50, Vr et augt RidE
RCSsH JACR, GOFIMGOR] LA T i il Tl 2 AA
(1 A BT
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