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Determination of thymol content in honey by ultra performance liquid
chromatography-ultraviolet/fluorescence method
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ABSTRACT: Objective To establish the methods for determination of thymol residue in honey by ultra
performance liquid chromatography-ultraviolet detection and ultra performance liquid chromatography-fluorescence
detection. Methods After the sample was dissolved in water to constant volume, it was filtered by 0.22 pm filter
membrane, separated by C;g chromatographic column for isocratic elution using acetonitrile-water (50:50, V:V) as the
mobile phase, and the flow rate was 0.25 mL/min. The content was determined by liquid chromatography-ultraviolet
method and liquid chromatography-fluorescence method, and quantified by external standard method. Results
Thymol had a good linear relationship in the concentration range of 2.0-40.0 mg/kg, and the quantification limits of
the ultraviolet method and the fluorescence method were 2.0 mg/kg and 0.2 mg/kg, respectively. In the representative
acacia honey, rape honey, wattle honey, jujube nectar and linden honey, the recovery rates of ultraviolet and
fluorescence methods were 93.6%-101.6% and 97.9%-105.0%, respectively, and the relative standard deviations
were 0.3%-4.9% and 0.2%—-2.8%. Conclusion This method has the advantages of simple, rapid and high accuracy,

and is suitable for the determination of thymol residue in honey.
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HRED, LABEEL, %304 “thymol”, HA W
JE Pk, PTLABTE DA AR A B, HE AR, TR RS
(Bl e I £ v 5 s DR PRGN (2 ST i e =Y 4
FE B, oF30e%E Xk kA —E R gL, it
BB, M EE A SO RREL T EE A
mg/kg, AT AR 7 A AR T FR bl e 4 B b
#E GB 2760-2014 (£ i 224 [ ZEhnif £ USR] ks
W) CULE B A DA S — Rl SR R, SRR
PRAEE LA B LE 2 v 0 BRI RO B PR B8 - 2015 4FRK
PR A 1 BL(BU)2015/1426, St & LA B 45 Sk 1 R s i
FIE . MR 2P FL A H R R 0.03 me/(kg
bw)(IRE), 2019 45 5 A, HAJEAS78h& HH 7 & dhis
TN B R o), R e B v LA % A B (S
i 30 mg/kg. NI, N IEE P HLA I AR DN B AR AT I
Ry 3 [ e 7 O R A KU A SR A S R, AT AR
1AL B ] P AR AR

H LA W R vk 3 A R ROH 5 5 (gas
M 8 1 - 5T % VL (gas chrom
atography-mass spectrometry, GC-MS)!'*"31 | Wi #H €5, 1%
(high performance liquid chromatography, HPLC)!*'" | %
AH €8 1% - BB 1 5% 75 (liquid - chromatography-tandem mass
spectrometry, HPLC-MS/MS)!"™%5 | 3 [ £ i 22 4> [ S b ife
GB 1886.139-2015 & i il v HAE ) Vgt A il
T A G KO 2 - fe A U 7 (gas chromatography
flame ionization detector, GC-FID), FHIaFIH—4ki:xf i B
A IATINE o AV FATIAREE NY/T 3137-2017 A}
TR E A B E ) UE T GC-FID A
R E BER, e w5 mgkg. IARA T bR
DB37/T 3614-2019 {{R-G BUERRA NG b i AW . &7
By, T BRI A R (0 R ) PO TR RO € - 5 A
Kz M (high performance liquid chromatography-ultraviolet
detection, HPLC-UV)7E KR &m0k 0 E B A, HE
=M 50 mg/kg.

GC-MS/F HPLC-MS/MS H A5 %5 &5 i) R U3 R 1,
R Ry A e v, TR SO 0 - S KM 8 e T vk
H1HPLC Rk 26 B B A B o) oy 1 o B2 . i T
GC Jy kTR ZE W R BT I AR, R IR Hss
O R 2 B 2, RmAFR LA HPLC
e, 45E R SR SN 2 (ultraviolet method, UV)FIZ¢
A #% 7 (fluorescence method, FLR)JEATINAE . 5 HAK

il

chromatography, GC)I*% |

HAITIEAALE, AOEFE TS oA 5 1k S A e b i L
By oy s o3, HABRAERE POk, WErh s i, 2 F
Tkl DUAH B Uk, AT DU P BR A R, R
30 mg/kge BUA RN IE 22 A G ek ohy LA I AG N )y 3%,
AT e AL b | A S R IE, 1 i
SN Gy R Ap, AR BESEEE BRI 15T 5, PR FResg )™ ah o i
Y, fa R P E AR e b B

2 HHSHE

2.1 4. AFI SR

Acquity H 7 74 15 33080FH €3 [0 A% 487 B9 A ) 4%
(photodiode array detector, PDA)EY 55 /MG 2 . D¢ A 2%,
2 [E Waters 23 ]; TXB622L B 4347 K-8 0.001 g,
H A S 28 wl); XP105 # AT K- (J&a ok 0.0001 g, Hit
Mettler Toledo /A ]); Milo-Q /& #4fi/K & 4 %% (35 & Millipore
/NF]); Vortex Genie 2 ZHHEEmIE A 4% (351E Scientific
Industries 2\ F))o

HOEF O b WY R (4 E >98.0 %, 1B [E
Dr.Ehrenstorfer AH]); HEE, 4FE. Gk, SN
A]); /K(GB/T6682 FLEM—KoK); Je iEMi(0.22 pm,
[NCIDS
22 EWHE
221 R EESRE

Xof JCZE S LI SRR, R AR S . S A
FESh, FEEMHELT, BT A 60 CRARTIRM, Tk
Vi, PR AT SRS, BHIEE. 2 0.5 ke fE
iRkFE A I AR E TR A R, B, IR AR
W T IR R A
222 AREBREH &

DA B 2 Ay 3 700 T 1 A 1A 6 25 WM 2 2000 pg/miL,
TEVKAR 4 °CHEM T HEfE, RAE B F AR E R A TER
Tk, MM RSNWEE 2 0.01, 0.02, 0.1, 0.2, 0.5, 1.0,
2.0 pg/mL WH BEFEBARMETAER R, HT2hbrE T 17
HE
223 HSAra®

FREX 2.5 g iRECRE A £ 0.001 g), B T 100 mL £s#fHh,
A 30 mL /K, FHBEESHREE PR 2 2, BB E
50 mL 2 EHH, ARG FEAH 3x5 mL K SERERR RS 2 ik
50 mL &, FKEREERE, B4, H 0.22 um 8
W PV U8 ARE SO RO (a3 .

224 RAREELA
6, % #1 : ACQUITY UPLC BEH C, fa i f

H
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(2.1 mmx100 mm, 1.7 pm); FEBIHN LI :7K=50:50(V:V),
SEREVEMG; JREE: 0.25 mL/min; FEJR: 40 °C; #ERER: 2 pL.
S ARSI A T K % A 198 nm,
D¢ G A I 1) 384 % 3 K (excitation wavelength, EX) iy
276 nm, & 411K (emission wavelength, EM)>4 298 nm,

3 HREDR

3.1 HmMAEFMGREEMN

M 2 A RE S AL T, AT LA AR B 2 B R R
M, RRART e, B Jr i i ) 2R S0P 0 o e B
T AR B HAT R K, X I v LA R
W, AT DA b B R R ERE O X, BERE T AL [ PN A1 ik
PR R, A REORIE vk MR, ) A5 5 Al Ak PR
YE+orfai bl . SCI0 54 T FE SR RRAS AL, A0 B Lh 3]
f8F 110V V), WeBERE A M IS B A, Sy
AR EGEAE I B — E R TS YL, BRI Ay, W
BEELBE T 1:220(V: V), NSk RIS, HiF
B m S Bmss REL A 2, W, A% E
VEFIRE SRR ECR 1:200V:V), TEZEMET, BEARIE ik
RN, O SAHER 1  EG Ye, SR AT
AT BTRICR
3.2 (USEEHFRMK
3.2.1  CEIMEW K K ek

KA PDA Killgs, BiH 3D F3i#, % 10 pg/mL
T W AR AT 2K (190~300 nm)dA A, 53] HE
T 1) 22 SN O TS 1], S5 R R B A e K R A I
Wi R 198 nme B FH R, SEBRAEE SR o
PDA B UV &4 0]

322 ALK

[ RESR MR EE N 10 pg/mL (0 B AFB R AR B ¢
SR I % e A3 e AR SR R T Ak, 0 11 S B R
BFWA, X & PR CE K AT, A R A
RS T, ST 0ATE R . S5REH: Eille
WA 276 nm T, SRR SR 298 nm; i £E [ E &

FHp K 298 nm 45FF, EBAREUE B H 276 nm. H, #
FEH LA B B K I A S AR R R R G K A e
276 nm F1 298 nm,
33 fERZSRUER. E=MR

R 4S5 i 1 28 PRV R, BGE 2 A B AR vV TR
FH KA BRSO A 0.01, 0.02, 0.05, 0.1, 0.2, 0.5,
1.0, 2.0 pg/mL ¥ R IR ME IR OV AR SR 0.2 ~
40.0 mg/kg), LAVETRAL(Y) AT, TARE M EE (X) A
ARPRZEHIARHE T AR LR, 1980 E AL . Lk
A RE L AR R A5 SR, SR AMG I 1k o ek
Wk rp, T AL AR R B (P) R T 0.9999, KW
RMERR R DL 3 H{E MR L (3S/N)XT R BE R Ty 46
PR (limit of detection, LOD), 10 £%{Z M LX(10S/N)Ret i ¥ B
Jr k@ m PR (limit of quantitation, LOQ), 5484 MIweé
FE AR BRI E R, W 1.
34 FFEEWERMEEE

SR 28 AR b AR 0 O 2, 6 AR 3k 1 [l e 3
W% BT %5, % T bRfE SN/T 0001-2016  H M
£ Akt dh BRI 5 R U g A SR Y, i
WS AR et as e 3 R L S T (PR L TR 28 L 4%
OB EEARE), AR, B w3 KT
SEHY ) EEAMEARINMEEE K 2.0, 4.0, 20 mg/kg, YEGEEN
0.2.0.4.20 mg/kg, HAUWEAKFEHAT 6 WOEATIE, 3R
507 3 0 Il R H RS % B0, ILER 2 IR 3. 4
SEFW, SAMEAT I (- ) MR E 93.6%~101.6% 22
[, HH X A5 HE i 22 (relative standard deviation, RSD) AN
1L 4.9%; DRI A3 ECRTE 97.9%~105.0%2Z
], X R A 25 N i 2.8%. #E— 25 X 7 i 0 H 1Dk
WREMATH S, W — IR mEE gL 6 d HEATINAE,
MEVEINEWH R FEEN 1.7% ~ 6.3%, KIHEEN
0.9% ~ 5.4%. ULHA 2 By 1 1 [ ISR AR 25 3 R AT AR
RG2S H . LOQ /K FER I . 5 il 25 5T v vl B VS I 1
AT A I € T L 1

#F1 UPLC-UV M UPLC-FLR ENERETEEFHMMLMTEE. &MEEHRE. BXAYK. BURMESR
Table 1 Linearity ranges, linearity equations, linearity coefficients, LODs and LOQs of thymol determination in honey by UPLC-UV
and UPLC-FLR

Rz LR/ (mg/kg) LRk A )y e MR B P LOD/(mg/kg) LOQ/(mg/kg)
UPLC-UV 2.0~40.0 Y=1.43x10°X + 6.77x10? 0.99998 0.5 2.0
UPLC-FLR 0.2~40.0 Y=5.62x10°X - 7.99x10° 0.99999 0.05 0.2
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0.020 -
0.48 A 10.00 B £ C
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Fisf ] /min fisf ] /min i8] /min
3.00 e
' ; 036 E 10.00 3 F
225 -
@ @ 0.27 a @ 750
5150 i B
= 4: 0.18 2 2 5.00
=075 g
0.09 = 2.50
0.00 E
0.00 A 0.00
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= g = = 2
0.09 E. 0.09 'E
0.00 A 0.00 0.00 A
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[FA] /min [t 8] /min 8] /min
0.60 12.00 Q
64.00 J K § L
2 9.00 ;
i 48.00 ﬁ - 0.45 e -
= ' = Y =
L::l 32.00 —é & 030 “ & 600
E = E
16.00 g 0.15 5 3.00
0.00 A 0.00 A 0.00
0.00 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 0.00 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 0.00 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60
i 5] /min i 8] /min i 8] /min
0.48 M 32.00 2 N
036 . 24.00 -
bl 1
z @ z 3
= 0.24 <@ = 16.00 £
E 3 E g
0.12 E 8.00 [\
=
0.00 A 0.00
0.00 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 0.00 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60
5[] /min s} 1] /min

A, C. E. G, 1. K. MABATEMEZS . TEHLE LOQ /K-FHvim . #HL. ih3E . #ﬂﬁ\ HEpE, AL 20 mg/kg TRANKT-19 UV

Kl igE; B, D, F, H, J, L. N SR EERE S (1, FEALE LOQ ACEURIN, VERE. 3. &, MR . L% 2.0 mg/kg HNAKF
My FLR A6 00 €233 (&l

B 1 JERTAS L BEBT LOQ /KU ANAL 5 Firi B s i ) iR OB (3528 S (UV)FI G (FLR )R I 35 4]
Chromatograms of high performance liquid chromatography-ultraviolet and fluorescence detection of substrate blank, substrate LOQ
level addition, and 5 substrates addition

Fig.1
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# 2 UPLC-UV EEEHRHEE TR EETREEE (h=6)
Table 2 Spiked recoveries and relative standard deviations (RSDs) of thymol determination in honey by UPLC-UV method (n=6)

X 2 mg/kg 4 mg/kg 20 mg/kg
FE i 3 5
B /% RSD/% SR /% RSD/% [E1 e /% RSD/%

VR 97.5 3.0 97.7 0.8 100.7 0.3
TSR 96.5 47 98.0 1.5 98.6 1.5
EiF 3 97.0 49 99.0 1.9 98.6 1.5
AR 2 97.0 3.4 99.6 1.7 100.9 1.1
AL 93.6 2.2 101.6 1.6 100.7 0.8

%3 UPLC-FLR R ZE A mpy B RSB AR E W R FIHEE E (n=6)
Table 3 Spiked recoveries and relative standard deviations (RSDs) of thymol determination in honey by UPLC-FLR method (n=6)

v 0.2 mg/kg 0.4 mg/kg 20 mg/kg
o i 3 5
[T/ % RSD/% [T /% RSD/% [T % /% RSD/%

ML 101.4 23 100.7 0.9 101.9 0.2
HRE 101.2 1.9 99.5 1.7 97.9 1.5
biE3 105.0 1.2 103.2 0.3 100.1 0.3
et 2 103.4 2.8 102.2 0.7 100.0 0.3
HACE 103.1 1.0 103.1 1.0 99.7 0.7

3.5 SEPRFEmAG

BHAFGERE ST 57 10 T e 3L 200 HURE SR EAT
R, FEa ELIETEMLES | TSR | R | MR AR
IR . AURIEBI PR AL I I UL 20 X BT ARER T E
R HIER KA TG AR LR 3. SRR, SEBike
AR E LG R A F 46.5%, (HEEUR g v LA
BRE AR, SN L1 mg/kg, T H AR EIA
I H A BB RUAE 1 e B P ok B BB EOR (30 mg/kg), %A

10.00 }

8.00 -

6.00

M

4.00 +

2.00

0.00

WU, Hrh KT 2 mg/kg MRE S (LGP 2 . AL |
WEEE) L 424, i 21%, Hrb SRR T S mgkg, K
RS IR ER 6.1 mg/kgo iX LG R, M f i i rp
A S AFAE — 2 O T P 8 T LA T A 00 o (L Pl T AR 5 AG:
TREA KA >, AR SR 2205 T A 77 A LT A SRS
Al SRV /NI Al B O AR FRE S D, TR T I
A B 8% BA KT B R T L — A VA, AR AR
e A AR KU I 125 | S AT S R E A

>Thymol -3.371

0.00 0.70 1.40 2.10

2.80

3.50 4.20 4.90 5.60

ft ] /min

2 ARSRAESE B i A H T A I ) T OB B3 SR I (215 141 (0.37 mg/kg)
Fig.2 High performance liquid chromatography fluorescence detection chromatogram of thymol detected in representative actual samples
(0.37 mg/kg)
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Fig.3 Number of honey samples at different thymol levels
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