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Research progress of the detection methods for ethyl maltol in food
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ABSTRACT: Ethyl maltol is a common food additive, which is widely used in food processing because of its

significant effect on improving and enhancing the flavor of food. It is a good flavor synergist for meat products,

bread, cakes, jelly, beverages, candies, biscuits and other foods. However, long-term excessive intake of ethyl maltol

can cause adverse effects on human health, so the detection of ethyl maltol is extremely necessary. This article

reviewed the existing detection methods of ethyl maltol, and focused on the advantages and disadvantages of liquid

chromatography, liquid chromatography-mass spectrometry, surface-enhanced Raman spectroscopy, electrochemical

method and the application status of these methods, in order to provide a reference for the development of a more

efficient, applicable and accurate detection method for ethyl maltol.
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R XTSRS Hi T O E kI H,
SCEAE YT 7 S AR VR AN RS IR R, Ak
AN FEZE 2 AR FRY, S ER L4
SR NI A — e s, EIEA SR ECRR . %
O MR DRRR e, BRI B, AR EE
BORWSL, BEA ER A SO L SURI I B T A SN AL TR
INFEAZE RS 232 2R I A4 K 48 AR LU A
I ABEH N 2 mgke, MEMM TP THEN
100~200 pg/ke'®. [Hi, 25 2S8R MG artn
— NEZETEM 8.

A\
\

K1 23 2B A5
Fig.l Structure of ethylmaltol
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FUR, 2225 Wy poAe 322898 b IR . Pl
ah AL RERD. SRR POokE. R OBER . PR Ak
AF, R vk A AR @R AR G- R B
PO O RO - R R TR L kA
B RLEOERE | S Pk, X
SETTIENT CHAE ZF IR 5 A R RS AR R . A
SCEELER T I S IAGI Tk, DI T A
WG | R B Y IR ZF Ay L 4R S
A HE, e e AR PR S

1 MFEE

1.1 SHEeE%

S5 (gas chromatography, GC)J&F <4
TLBNAH I )2 4 B A B ik, HoA W R . REUE
L R SRR, TS R ML T E
R SLIE AT SRR AU T R AR -
R I e AT P 2 WY IR R, R
0~100 pg/mL ¥ &G N, Ltk R A, Bl A
1.9~2.6 mg/kg, [0 K K 85.8%~95.7%, ki % JE N
3.3%~5.1%, B A ST 2F TR 2 55 2B i A i
/NI AR 3 v 0 1 AR il v 2 S 2 2E
B &R, ZHEE B RAE 0.5~30 pg/mL JERE NN L
Z R, FHENE N 86.56%, RSD Jy 3.60%. SR, 4
Xof A 4 F SIS, 323 T 5 A B R A A | RE IR S Bk
S (A T R B 3 ARG I ) 1 A2 B A
1.2 SHEEeIE-BERIEE

S OM 3% - 33 BB i 7k (gas chromatography-mass

spectrometry, GC-MS)/2F| A €4 335 (1 = 8504y B e 1 5
TG AR | SRR R AT A5 AL S R IS B
Jrik, HARERME . T et BB,
SRR AR ST T A AR A BOR 4R B4 B O 2 SR £ 3 -
ER I T 95 I P DU 7 VR A e v 2 2 L AR 2R O Ik,
BERL 2 IE eI AR IR, R FH S SR AH ZE R 43 s e fk, de
J FRR R SR N ER PRI, SR BRI B . RO ik Az SRR
TN R R R, 1E 0~0.5 g/kg METEHEIN, 2HFE
ZEMAG I BR A 0.35 mg/kg, MNAREIEER N 95.2%~107%, Hi
WHEHN 0.9%~1.2%. PENG S5ZUR FH 02 [ 4K Bz &
ARG RIS | LB Wk v SR 2
(2 BEEA TN E, 12O R R 0.005~0.50 pg/g, IRl
RN 85%~103%. [AIAE, £1%F 5 24t dh i, %364 A b B
UN -/ S I T Y
1.3 RHEeIEE

TOOAF €2 3 93 2o SR FH 1 A% 19y X S 0 v
FE R BITELR RN, BA M FYE I SeE o B . i ahAr
WERTUIEIR . EE MR 2 LA R E R . %
24, 3 HALFE OB (435 7 (high performance liquid
chromatography, HPLC) Fl #8 & % W # 4 3% 32 (ultra
performance liquid chromatography, UPLC), GB 5009.250
—2016 (B LA R bR UE it rh L3 ZFE By I E ) b
K PR RO 5k B i R S & i, X
FrPaE TR BRSPS . DT AL KR
SO FLBRE RS R E . B REEEPIIR AR I
G, BT T BORORE R A I R S FL R ) £ B A 2R
Jrdk, RS NG SR I, B0 1k U R, % 7 ik
0.5~100 mg/L ¥ BV [l 9 26t o6 R R4, IR H
87.81%~98.82%, RSD 4 1.03%~3.27%. F {54200 37 T 1k
Bh 2 L 27 ZE R ) OB (RN E T, TR A R R
0.5 mg/L, ¥ [ 1~200 mg/mL, AR B U K Ky
93.4%~102%, HAXFRUERZE J9 3.56%  XIHaEE4ELT g T
R} 2 B S 2 B 1) SO €8 T D 3, T R T A
FEIUHEXT U | BRRTCRL . BB R R 1R 2
A AW IR AT IR BRI, TR VM VRN Uk o i RN A, 4
BRW, ZLWE RN 025 mgL, LEEE N
0~100 mg/mL, NIAREICAS) 88.6%~98.8%. HIHiis a2
ST T B O AR R BN 24 3R AR R 1A R AR
FEJT R, A3 BINGE T RRIRUCRE . DE TR R BN, IRIAK
R 0.5~2.0 pglg, LML 2.0~100 mg/L, “F-¥ s
ISR 97.1% X5 CAFPUR FH iy sbooR G T 52 11
W O HE 3 20 o i, IR 5.2 pg/L, R
A 17.3 pg/L,

55 VR AOROHE B T TR M B, R R R R R 1k 1 R A
FE LAY BRI B AT R A KR R, RO S AR
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T 30 2 9 e 308 A T 01, BT S P VR S TR TR SR okl
o T 2F W ) ORI i, YR R
CO, SURIIEL . &R EE CO, MR R il iy Ak
T OGS BT AT T A, S5 R TS Ao
A ZF RIS %% 80.61%~103.33%, RSD
2.20%~7.38%2 [8], fHflk HBR A 0.1~0.8 pg/mL,

1.4 HHEEE-RRRIEE

15 R A € 3 - B B SR 3 1 (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS)%5 &
WO TR s (LS, T LAVERR xS H bR b & Wik A T
ORI M, R = AR I DU BT BT A 22 g M
T R, % TR P B IS IR B A R ST
AR | R ESR . T BUME LA 5 Y. BIS 201708 ( 13
FHA P v 2R 22 2B I ) i SR FRTVBORH €20 33 - 53 6 o 1%
PO R . ZERRIRAIE . SR S R A 2 R
WS BTG, RIER R 25.0 pgke, FERIER
SOV ST T 1 AR € - R I DU T S R A
ZRRM . 2R AR T QR T, CHEEFE
HTE 4~166 pg/L BILBINAMCR RIF, ke mRA
4.0 pg/L, FEXEICRIF 510 86.1%., 90.8% . 88.8%; %k
R PRI, RMEOCER . BIBCREE, St A,
SZRRI 2 RRIR I £ FREE 2R e R IR 4 T AT
FE T o R A PR R ORI PR A 1 AR A
M 2 FEEE B, R E C bt R 2 i R SR B A
Yrmh i) S W, 2 Cg EAHAEBUNMES A, A5 3 Fh
FF 1 A o5 SIS [RD 5 8 19 £ K 22 2 W 19 S 2 el %ok
85.3%. 91.3%. 92.7%, %M HIR N 5 ng/ke.

R 1 OB £ 1% - BB R T % 9 (ultra: performance liquid
chromatography-tandem mass spectrometry, UPLC-MS)# il
£ 32 TR I S I BT AN ) A7 ) A2 2 v oA,
WA T, 58 R I i AH L, UPLC-MS 7545
PR, AT Uel /> b 91 PRI VA TR i i IR 20 Rl
mhEPUE R E A —, THE KR, R GB 5009.250
—2016 50 5 ¥ v i OB 5 TE T s I N 2 5
0 IR B 5 2R o R v O €0 13- FR T BT 3 1 P %o 22 Ao
FEAE S HEATINE, TR S B IE B F R R T H
R U, H B[R —Fh N AR AT E & 2 Fh s A
oo SR AL TVH N T R R SRR £ - R T T
BEWMREN CREZFM GRS, REHCE
PRI, Cig BIGH R, B T2 5 & F Rl &
HEFBmIATRN, EREW, CEEFMERE
0.04~2.0 mg/kg JEFAINZNME R R REF, HHKREK0.99, K
HFRA 0.01 mg/kg, 5ERFRYIN 0.04 mg/kg, HAREICR N
89.3%~99.3%, HIXTHRMEMZE N 1.4%~2.6%. tptEtEnY
SR PR e S50 81 - R I BRI T RS L R T A

W ORE KK LI R KE B 46 6 2 30 3Rk b 2 32 2 i
TR, SR RPIBEAHZER C g NVEEN AT 5 R 1) 2 332 24
T AR B, T EURE A R 20 - — IR IR R A Y URL Y
SSH2P /NHEXS & B6242 2R w8 e AR, 1270 L BE 22 2R Ao
FRK 0.01 mg/kg, JNbREINCR N 75.8%~116%, B FT L F
Rf i B RGN & = 7 5 DV N e O A i - S R
T I AL LB By . B AL
WOk BUES B 6 FRILETRE S IR I S R T I,
G50 5 RS OC R B KT 0.99, Jr ik i iRTE
0.9~16.2 ng/g ZI[A], 7£ 3 ARAKFT B2 [EICR Hy
80.1%~106.0%, FHXFHRAENR 22 KT 8.9%. W& il = 550K
AR 2L - 5B BTG A R SRR K, RN T — R e &
oAUl Esa N A
1.5 FEEER SHIEE

2% | ¥ 9 L% % 7% 15 (surface-enhanced Raman
scattering, SERS)J&7E i i/ 2 il A1 22 1H BE 5 B AR (1 It
R AR M RIS TR, B 2K Fae e T4
FoEtEsm . R . SREELr . AUARBEMT R . JOHTR NS
o, O Zis ARl P A dA FY AR pi i
P 2O A R e, SERS HARSIHL T X AR
Wy, W E ARSI A B RO 104 SR RO T
—FPEE T b N TR i SR U N 4, DA
BB F(F ) MRS, WRIRIA J5 0 4 R ) 45 ) 4 A0 K T
SR SRS B HO SR, ST R - UGS R, R
RS S R ) O 2, £ HEFE R I SR ARG Y PR
5% 0.01 mg/mL, ZEMEVEREIN 0.05~1.00 mg/mL, [FNHTE
89.9%~103.5%Z 1], %5 A R AR 5 . BRVET7 i, wf
XA R SRS 2R E TR R E

SERS HARK MMM | FF  Fi b FEAR X B, RE SR
EX/\B705 V12 N | === ol IR £ s mE2/\B 707 S8 v = < A P2 (A 25 =
5%, [HHAT SERS HARLE B & e Ak i 1) S5 by FH o 4 4k
FRAW B, ZRMAEE . SR R, HAEARR S
AR, HESmESf 2R ik, SERS £ AR/EH
WA . A2 A T AL T I A A Bk o
1.6 HLEFEZE

HAL SRR A PR E R o i R . RBUE R . R
PEAF . T RN A D SRR S, R TR RSN A A
I HA Bt (0 0 F 04 CHEN Z515fGE T —Fpit F
A BRI B A B Tk P R ) R A S T I B R 2 2
(A 3, 3207 5 ) B I Ek AR P 0 ML 14 2, B 52 2
8 1 mol/L NH;H,O-NH,Cl ZZ /i (pH 8.0)K Ha fif T,
G MG AR L A — AU B A AL, A fbig
LU 5 2 22 2E R B R B AE (6.0x107~1.0x 107" mol/L Y
JLBI N LR, KR 1.0x107 mol/L, MA ZFH7%
FHELAL 2 48 T R(L- RN R i i B e r A, @2



o5 8 1 SR, S B AR SR RN Ty vk i g ot 3269

TEIMR LIRS T B2 2R ER AEAE i s AR b A LAl S,
Mg T HERE . MURAILI R 2R S S, IR
RN 9.5x10  mol/L, AR N 95.2%~101.4%, 12420
R AR AR TR A S Rl bl b i 203K 22 25 ) 25
WA IE IR NG A A BIG T L-AR A IRIE AR B i 7E
EmR AR R, LR L5 R/ A BRI i H i, 2%k
TR EFIR . AP RTAR . MUE ARG 5 233 2
M o i, S5AERI, KL EB A HIAE 0.951 V F10.852 V
Aib B AR A, ARG I 43 S 7E (6.00%107°~1.00x107%)
mol/L % (4.00x1075~4.00x107*) mol/L & [l PN 5 B B 47 19 2%
PEXZR, KRN 4.0x107 mol/L, TN p iy 2. 3%
%2, SRR

5 ARSI Ty A B, AR AR A G 2 R
T RsEN, B 88005 A RN GE A 0T 1 7 RO
b5 o157 VN S S U D PO o RO 73 A ] Al
WERRE . DRI, 5 BT IF R R A ARSI A R, DAY
Dl R TR
1.7 HAuN 5%

BT BRI E WITAN, st SOt A Sh
TESH b 2 6 F T b P A 23R 32 2R A ARG It A5 AR i
WOHRIE o 430 i R e W A A R B KA s —

P A S RN G A W IR, X 32 0 R R A T T A E A
O3 IR XA S BRI . Rk, (R JCk R E
e Z R SR, B SR S S BOAN FRE, X85 53R 15
Mg WS g 2 WIS T FeCly BB O T
MSE S h O ZF B O i, IR T MMk S o2
T3 I o A R AT A A, PR o B oh £ 32 2R
Frh, TR REEFEWE N (1x107°~1.4x1072) mol/L i il
W, WO S 2357 ik i 2 RIFIMZRME G R, RIL1E
SR BR A 38.34 pg/L, SFEIENLE 94.9%, RSD
3.49%. CEEAZ AR R A G TR Ab A RO FE G o
PP, B £ A2 2R B vk B i 14 LW o' i 1 1
SR o 2%y S OV I 5 W A L s vy T I
wi P I SR S TR, R E T R A
B IR E R A, IR Bk 98.3%F1 95.6%,
I 55 1 GEARME I VA TR RS G, S5 R 8 TshiEgTH ik
2 R 6T 2 FE 3 2 1y AT S 3 4 S K -k AR A R
RINEICRIE, WiE I3 W, KR P Mk
SR AR A, R HA D DR R sh i Sk kR ek
METRHPCEZFHETE, FIEHEBERY
1.1x107 g/mL, [HIJCRTE 94%~108%Z [f] .

1 BEE TS C B SRR VR R YT L

F1 BAPZEEZFEHHRNSGE
Table 1 Detection method of ethyl maltol in food

b 5T LioRlpR7S Rzt B g EE BTN
AT GC 1.9~2.6 mg/kg 85.8%~95.7% [19]
& HIED I GC / 86.56% [20]
TR GC-MS 0.35 mg/kg 95.2%~107.0% [22]
WA Yiky GC-MS 0.005~0.50 ug/g 85%~103% [23]
WASFL HPLC / 87.8%~98.8% [25]
Yokt HPLC 0.5 mg/L 93.4%~102% [26]
ok HPLC 0.25 mg/L 88.6%~98.8% [27]
POoRL, BET . AR HPLC 0.5~2.0 pug/g 92.0 %~102.1% [28]
BN HPLC 5.2 pg/L / [29]
ZRRIN . 2 RRIE HPLC-MS / 85.0%~91.0% [33]
£ FE Y HPLC-MS 5 ng/kg 85.3%~92.7% [34]
6 Fi & i UPLC-MS 0.9~16.2 ng/g 80.1%~106.0% [35]
2 AR UPLC-MS 0.01 mg/kg 89.3%~99.3% [37]
6 Fi & i UPLC-MS 0.01 mg/kg 75.8%~116% [38]
5 Fh ERIRE2S7N 4.0x10”7 mol/L 94.0%~103.0% [1]
MY ERIR=2e7N 1.0x1077 mol/L / [46]
AL MU, 2Tl IR 9.5 x10* mol/L 95.2%~101.4% [47]
A SERE 0.01 mg/mL 89.9%~103.5% [6]
PET . A P s 6.754 ug/L 95.6 %~98.3% [50]
Ok S &Gk 1.1x107 g/mL 94 %~108% [51]

TR AR B AT
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