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Determination of Thymol in Honey by Ultra Performance Liquid
Chromatography with Fluorescence Detector

QIAN Zhenjie', ZENG Xi"", CHEN Jing’, ZHAO Yue?, YOU Shuzhu?, HE Yongxin', FENG Jiawang’

(1.Guangzhou Institute for Food Inspection, Guangzhou 511400, China;
2.Gongbei Customs Technology Center, Zhuhai 519000, China)

Abstract: The presented method was developed to determine the concentration of thymol residues in honey by ultra
performance liquid chromatography with a fluorescence detector. The thymol in honey was extracted by 40% acetonitrile-
water solution. After centrifugation and filtration, the separation of thymol was performed on an Accucore aQ liquid
chromatography column (150 mmx2.1 mm, 2.6 um) with the gradient elution of acetonitrile and water (containing 0.1%
formic acid) as mobile phases, and quantitated by external standard method with fluoresce detector (excitation wavelength
274 nm, emission wavelength 297 nm). A good linear relationship (R*=0.9999) was observed with concentration ranging
from 0.01 pg/mL to 3.00 pg/mL. The average recovery of thymol was from 87.4% to 106.9%, the coefficient of variation
was between 0.7% and 7.3%, and the limit of quantification was 0.10 mg/kg. The developed method was applied to
determine residual thymol in 48 commercial honey samples, and the thylmol was only detected in one sample. The
presented method is simple, quick, reliable, and suitable to be used for batch screening and quantitative determination of
residual thymol in honey.
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B B AW (Thymol) X 44 )8 75 5L 1y, /275 7
(Carvacrol) Y[Rl 43- AR, A4 T H A B Y
T FLARBORG vl o, BAA PR . IR . s P
b, BURBEEE IR, B IREE Y R AR A T )
L PSR R | XGRS T R AL, AT R S s i
SRS, AEFRtgL VA . BRI H A WS
TICEEMET, SEE L ISR I SRR HoA
KA EE BREE (Maximum residue limit, MRL )., H ABf
H BRI ZT A IR GRS, e e b B
W BR B 30 mg/kg™®l, eAh, i T E BEAEEA
5 20 0 o BRAE, A ST HLBR BE B E A T 1.1~
1.3 mg/kg Z A, skt fpad 5 A A My 4% B 2R g
2 SRR, SR e v e B i Rk B
S 0.8 mg/kg!' M [P i oA X e P e BRI A
MR, X e 45 i v B 1y 4% BE A 7 vk 4%
EED ., FRESREE A TR ENY, S TRk
s A BT 2 A, RS i HY B B R
AT, FEST —FPREAE AT A PO | HERR I i e
LS S 5 o VY o n WA S50

H AT, £1X5 A A 05087 ik E2EA ik
S E SR WA A R AR,
mh, AL AL T ELS TR B B, I S EAA TR <
FH AT FH A KR S AR R AR IR, 75
TG P 4, sBC NS B 5300 BT A I 2R
e R ZRALAY TS SERERR Y SRR 2 A BRI IAR I =
PR 2 5 SR 5 T L H e o A A L SRR
60%~80%, fdi AR (k1 FH BA HLIESRI SRR, Sk
JOEHR BRSSP 3 DT UE | g, BRARERERUOR,
S T AAARTER A A ORI R A S KB BGRRN
PRSI RS e =iy B SN A i e e o 2 =T [ B R £ S
e B BRI 75 (Diode array detector, DAD) KR
TR, AR B B BTSSR R AT AL FE P A
AR IR B A 1Y RAEE . DGA I £% (Fluorescence
detector, FLD) LB £y . REUE SIS, B
WEAHRAE T AR B izt [H, B SOk
X AT AL R AN 3 28 S5 R AT BR, AR5 &
B4 Ze R m PR R BB )BT (AN AR 1 | AR 1Y
VR, SCEEEANEE X 3 H ULy S S A AR (-
L) MY, XMELL SEERSBRE S e B ) v
HERE T . BT . AT FEFUIR T A = 250 FH £
T - ARG 2 A X e v e B Iy R BE A T ARG o
AL ATANER T . (5B SR S5, gy —
FhTATEA. AIEE, BERFEPRAEAETE B ) D g T e A
P2 B T 72 AR 7 i, Shidesis vhr e LA sk BE
AR LA B AR S
1 MR5E*%

1.1 #MRI5SEE

e (S NRIEE . RS | X% WIS E
) WiHWEIRG; A HER  bRdEs, iR
99.69%, 1% [E] Dr. Ehrenstorfer 2> &]; FF 2y . T 35

Wy 5T EBAE T LB KT 99.0%, IEBHL
TowL O, FEE  Aigsl, 32E Thermo /A F]; FF
fig  Arbrel, ;N kRG] s SRR E A KO RSl .
Acquity UPLC = R0 A (%Y (Bd4s DAD
M FLD) . Oasis PRIME HLB %{k4E(3 mL, 60 mg)
2 [E Waters 2\ ) ; QUEChERS dSPE %1k 4 (&
600 mg MgSO,, 100 mg PSA,40 mg C,3) ¥ CNW
4y E]; ME203E 43 #T R 8édm 0.001 g, B AR
-FER|Z\H]; CP225 D 43 RF By 0.01 mg,
1#[F Sartorius 2\ 7); 2600TH #BFAIFBERY  LHEZes
N F; Allegra X-30R s B 0L FEE DL 5a 0w
MS 3 REIR w8 E IKA 2 Al Milli-Q Aca-
demic FBA/KHI AL FEESHEEAF]
1.2 SEATE
1.2.1 HRUEFFWECH]  #EFIFREL 20.0 mg(G i =
0.1 mg) & HAFEFRHES, P EEEM . IRSIFFER
%= 10 mL £, 15 R N 2.00 g/L FIbRAERS &
W, TR B 0.250 mL 7 B bR AEGH A VAT,
JHP BRI A ZE 50 mL, 5FH - 10.0 pg/mL
FIPRHET AR, T 4 °C VKAE R CIRAT, I R HERR
HICE AR T RIS, H 40% 2 NG /KSR
e, MUK I PR B > 0.01, 0.05., 0.10., 0.50,
1.00. 2.00. 3.00 pg/mL HIFRHERTIIERK o
1.2.2 FEMATALEE  AEFR PRIV AL S, 2.5 gORE 1A
#] 0.001 g)F 25 mL B ZE a4 b, InA Z & -7K
(v/v=40:60) I E 4, Y% 5 min J5, ] 8000 r/min
B0 5 min, B FVEWGE 0.45 um G HIAHBERE, {4t -
HLIE o
1.2.3 #fbirik
1.23.1 HAbttidfe KR 3 mL ZEF1 3 mL
JKXF PRIME HLB #4775 1k, B 1.2.2 2B88 Hh iTfs
3 3 mL AR, A 3 mL KB TIRGE, FEdsaubitk
W, e SRE A 3 mL ZAES T Ko iim
TE 40 °C TAMRZEIL T, A 40% ZJE- 7K T f#
PRI A E 3 mL, B FiEWE 0.45 um B HLAHYE
5L, A4k AL et
1.2.3.2 HibE i B 1.2.2 Ry TS EiEmR
5 mL, ¥ F QuEChERS dSPE k% h iR ie iR &
3 min, 7E 4 °C £&/F T, 8000 r/min &.0» 5 min, &
W 0.45 pm A HUFHERL, 4L ELI et
1.2.4 f¥#$4<1F Thermo Accucore aQ & AFH (4% 4L
(150 mmx2.1 mmx2.6 um); st A A 0.1% H IR
K, WLBAH B S L, BERRAES A 0~6.5 min, 60%
A; 6.5~7.0 min, 60%~10% A; 7.0~9.0 min, 10% A;
9.0~9.1 min, 10%~60% A; 9.1~12.0 min, 60% A; %k
394 0.3 mL/min; AE#RA 40 °C; #EFERN 5 uL; DAD
MSEP KA 274 nm; FLD #C& KN 274 nm, &5
W 297 nm,
1.2.5 M5E 4330 BCE B [ vfE 22 9 15 T Sk
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Ah B ARAR (O, 1 1.2.4 25 Rl . DA
B R AL bR, WETI B AR BRIVERRHERT LR, R
2R A5 2R v e B A Wy v B, AR B B TR
P, WA B .
1.3 #HIELIE

SIZIG R P 38 1 R R H Empower 3.0 44 RAE,
Sl R AR R )5 % A SPSS 25 G it #45 Excel
2016 FRAFEAT B ZRAR 0 IR 25 i 5 40T (A i,
— LR AR Y (5 (H 95%, P<0.05 SN i E rh 2=
5o ATAREFN ST SR A g RSB AR R
FH 3 A FATRE S BRI E T, R 2 B R R
3 UREE, BRI BUE SR 6 BRI
VT R AR AR E R 2E RSD {HAYTTE .
2 RS9
2.1 RIRCIETS AR
2.1.1 RBUAFIMERE 725 RSP A
10.0 mg/kg F B EFMPRAES,, SRAK . HEE. 205 %
ZNE-IK (v/v=40:60) 55 4 P BOZ I T ISR 5
5, LERULIE 1, SRR, 2N -/K i RN I
iR 97.2%; HIEEEY EIRCRR 92.7%, Z NG FIZK i el ik
SREAFIICA 63.1% Fl1 58.0%. fdiFH SPSS 25 4R{4FXT 2
BTSSR BISCRIE B T B 2 R 53T, 4 FhHEE
Rz ] B o e 22 F(P<0.05) . kA, F SR EL
W23 ANER 21 TP 2% T i 5 202 0335 40 B 3501 .
RLERFE e, TR LGP LG - /KA E B
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==
|

kT WE 20
SR A
BT R IR A T2 (n=3)

Fig.1 Recoveries of different solvents for thymol (n=3)

2.1.2 Fer sk PE S LSRR S Thm A
10.0 mg/kg F B A My AR vE i, I 005 RTIeRe, W
# By vk (LLE) . PRiIME HLB [# #H #% B2 ( SPE)
QuEChERS #:45 3 Fludefb 77 =0y [ ie g5 SR DL IE 2,
fdiF SPSS 25 #RAFIEAT 3 P4 #r, 45 R E W] Qu
EChERS % 5 H At P 20 J7 SAF 76 S 3 M 25 55 (P<
0.05), LLE 75 SPE /A Z [AIANTEAE B 225 (P>
0.05) HF-3 MG B AT QuEChERS 5, 1HEZ
SPE VAT 24 S A4 MERAE, R BN H AR IHAE R &L
AHER . L5675 ISR ERAE BT PE AN B A%
K, R MG -7K (vIv=40: 60 ) A< B B354
eI,

100 1

75 A

50 A

M (%)

25 1

" LLE ' QuECHERS'

I
K2 AT R (n=3)
Fig.2 Recoveries of different purification methods
for thymol (n=3)
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2.2.1 @IEAERSESE  SEE PR O B E ML A R
TAAFHEE . T A S T AN T A AR IR
YR AR PRS0, LA e 1 AT e B 193 [
IrAaR s IR, 75 2T B A R AR 2] i
T I R A FZ N, AR S S SRR ARSI H H EE PEAS
W . SCEGHES T TURUOR AL (PFP)AL | #5508 C g 1.
SRZKAEH (hilic) BRI PE 38 i (aQ) XS 7 HL A& 19y A2
HAPI o3 B8R, LAy i LA i AR i v
PR S, 25 R ULIE] 3. Z5IRFRHH, aQ HEXT 5 Fh
B2 S 1 3 B RO A, ELX AR I A1 HL A 1y 1
VEPEVEANI], WA, A A TX0 i LA 3 (e e e
ERE, BOEH aQ AEAE T BLA N E Y (A

o
W

eI

...........................................
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0.0 T T T T 1
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e EIERE
Fig.3 Chromatograms of 4 kinds of chromatographic column
for mixed phenolic compounds at 1.0 pg/mL
The W 1: PRRE M 06 20 T A s U 3: S T A I; 0 4: AT
W 5: 7 HLAR I 1] 4 [A].

2.2.2 VishAHMGIERE  ASHF ST 18 B B2k . s
0.1% HER/K . ZIE-/KFIZNE-0.1% W ER/KEE 4 Fhi
BFEE IR IR 2SS R AN 42 e 7 (I,
El 4) . G5RZFEM, REAAPAEXT 5 Fhm Y000 53
BRI SEMAE, BEFH CNEVE R s AR A e iy AT e
H Wy 1 43 B RGBS L 5 FH R B i 0 AH o
BEAR, SEERAE S I S 2 AN [R] 2 Y e 2 h
A AR R A2 KL pH AN [ H BLEERS, T
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Kl 4 4 B siAxT B2 G0 (1.0 pg/mL) Y73 25 {1k 5]
Fig.4 Chromatograms of 4 kinds of mobile phase for mixed
phenolic compounds at 1.0 pg/mL

VBIAR IR ] AR R R i A A . (H T LA
By E4 25 SN 1 5 R B PR v R g 1 o b R ARG . AT
FEMTHAN IR R FE B K I A shA A, PEAG L
T My P B I Ta] M AN [R] R v B2 s T ARAR X T AR
Ff g T AR A A8 A3, SR ANIE 5 oo IR & i
TE 0%~0.2% I e i AU AR e i, =5 e & e KT
0.2% M7 HL A gy e v AR ARR I S Bk, DXL M 3 3
A BEREINA 0.2% LA 19 H AR, 1050 o0 72 v 2 91
0.1% W R B2 7R RE (I 11 FEL 75 19 Ot B I 8] F A e
T ZRE % I8 B | SRIBUASHI A 0 R e
P, 2% 0.1% HIRIK- RS NASIT TSI -

100.0 >— - 7.0
- —x— TR PR Ak %
_ \\\\\- (BRI
9504 x =
Jﬂ; 6.5 2
§ 90.0 E
%% ;6()§E
Qg_ 85.0 1(—_—"/——4—_—_—_—_—_‘ ’ %
80.0 T 5.5
0 0.5 1.0
R K MR 1 (%)
Fls ARPBREET 5 EEH(1.0 pg/mL) WU
P8 i) R AR 4k

Fig.5 Changes in peak area and retention time of thymol
(1.0 pg/mL) at different concentrations of formic acid

2.2.3 AHAHELBIIGE  FESZBRIGEEAE S STl

R, I Rk A T E EE Y R A AR -

W3, Y sHAH LA o AT e B My 43 B i s

FVEM . SEEE AL T SIAR o 25 7K A e

—HIER T AN A 0B R, a5 R 6
BN . S5HRFRHH, B T shAE T 2 el kg, A

T R B A W S0 R AR W R AN, 2 SN TR IR

45% I, I B RB R 7y 88 (R=1.5) . N[
5y SRR 43 BS AR AN 4E SR TN BT, S50 B 43k

P& 40% M CNEHSEAE T shiHAL Is Lh ] .

2.2.4 RAMPAAOEER: OB E AL 1.00 pg/mL
FRUEVS AL, 1 DAD ffi i i B A 193 1 Fae RIS 1<
A1 220 nm, 55 KN 274 nm, g5 SRANE 7 BT

&5]

0.5 T T T
30 35 40 45 50
WA R 2 He ] (%)

Bl 6 AFELLHIZNE T F i e B 5

Fig.6 Resolution of carvacrol and thymol in the presence of
different concentrations of acetonitrile

N A FLD X HSe 0 2 g Shu Kok i, 745
B AT 2 AN B B A3 & N & S 4350 M
274 nm F1 297 nm, Z5E UK 8 iR,

0.050 4 7 =220 nm
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LHNIOERE (AU)

0.000 T T T 1
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Fig.7 UV absorption spectrum of thymol
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Fig.8 Fluorescence excitation-emission spectrum of thymol

2.3 FEFWIE

2.3.1 LRMERHR EEAE R 905 LIE A
e o (B PR TR RR R PR AR AR (Y ), LAE B AR MR 1 5T
HERBE AR AR AR (X)), 3l b TAERDZR, 7558 i B
iy IZAE ] LRI R E 225G LAMs
3 AEAE MR LU X B 19 B A 1 YA RE A SR A A Y BIR
DL 10 515 W b X I % 71 B A T A B8 A A A 2
R, g5 2R WL 1. g5 R RN, T AWM AE 0.01~
3.00 pg/mL ZRMEE FE N P E REL(R?) ik 0.9999, £k
M FR BAT, 77509 LOD F11 LOQ 43524 0.03 mg/kg
11 0.10 mg/kg.
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Table 1 Linear range, linear equation, correlation coefficients,
limit of detection (LOD) and limit of quantitation
(LOQ) of thymol
B YoE RS KR EER

LT
(ug/mL) - ®) (mg/kg)  (mg/kg)
0.01~3.00 y=1.537><107X*3196 0.9999 0.03 0.10

2.3.2 [MIBCRSKEREE  SUIE IR fREE | B
B LB TP OS5 PR o
FESRAE IR, AR e EIR . H AR R IR IR
JeHfs AR UEBIR A 3 DK TN BEICSE 5, i
BR300 0.1, 0.8, 30 mg/kg, 455 0L 2. 4EE3%
BH, HE 5 e SRR i 3L 0T v 09 S 0 el i 2=y
87.4%~106.9%, JTIFAEHE N 0.7%~7.3%.
F 2 HHEABRINER BIBCREFE % (n=6)

Table 2 Spiked recoveries and relative standard deviations
(RSDs) of thymol (n=6)

FTAE BIEEE(mgkg)  CEIIBRIIRCR%)  REE (%)
0.1 98.1 5.7
TIREE 0.8 98.3 3.2
30 96.9 0.8
0.1 89.5 43
e 0.8 1003 2.1
30 87.4 0.9
0.1 106.9 6.0
KB 0.8 96.4 2.1
30 91.1 1.8
0.1 95.2 5.8
PR 0.8 103.2 1.3
30 89.5 0.8
0.1 98.8 7.3
HE 0.8 96.8 1.5
30 96.7 0.7

2.3.3 SEBRFESRSMAT  FIUHETEST Tt i
HYEENY 48 HEUR M EEAE S EL AN, o A & 355
JERMEEE 15 A~ IRGAEPMISEE 13 4>, sp—JEPhlees
20 . Z5REIRN, A 1 - EAEERRE T BE
FREE, MBS 0.20 mg/kg, FLBLIRI AR EIUNE] 9 R,

30

SEERIE (EU)

i 10 Thymol

N\

0 T T T T ]
0 2 4 6 8 10

PREFIFA] (min)
B9 B i A
Fig.9 Chromatogram of positive sample
3 Hig
AR S T — o B T HL A 5 Bt

SR 33 AR AGIN 7732, XTHEHGAT L ik
7 AW AT A T ORAL T XA S50 T B A e
P T T A0, 2 =R 0.10 mg/ke,
HHEFMTE 0.10~30.0 mg/kg BHZKFET, [l
87.4%~106.9%, JTIEHKE R BN 0.7%~7.3%, H Rk
A 5HFS R TPas B3 o2, i X i
AR P i B IN, A — P HEUCRE S A HH R B L A Iy
SR, ULEH E N T e A b LA 5% B KR
o ATTIRERAERT R SRy, HrTPirkss, v
S H T AE g v i B 15 B e e 1 T 2L,
BE TR E e i BT R 2 4 KU P R R 7, A
TR H 0 R e ] P B AR

S 3k
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