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Abstract

Oxytetracycline, tetracycline, chlortetracycline and doxycycline in honey were separated
by solid phase extraction (SPE) and determined with high performance liquid chromato-
graphy (HPLC) with UV/Visible detector. Analysis was carried out using following
conditions: XTerra Cs column (3.9 x 150 mm id. 5um), mobile phase composed of 0.01 M
oxalic acid : methanol : acetonitrile (820 : 80 : 100, v/v/v), isocratic pump at a flow rate
of 0.9 m¢/min. and 50 g¢ of injection volume, UV /Visible detector with wavelength of 360
mm, The calibration curves of four tetracyclines showed linearity (v¢)0.999) at
concentration range of 100~1,000 ng/mé. The recoveries in fortified honey represented more
than 70 % with low coefficient of variation ({10 %) for concentration range of four
tetracyclines. The detection limits for oxytetracycline, tetracycline, chlortetracycline and
doxycycline were 13.8, 146, 26.2 and 249ng/g In acacia honey, respectively, We also
monitored tetracyclines residue in domestic honey [n = 38, acacia (20), wild flower (18)]
and foreign honey [n = 22, legally distributed (13), illegally distributed (9)] using modified
Charm1I screening and HPLC confirmation' methods. Seven of the 60 samples (11.7%)
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were suspect positive using modified CharmII screening test. Chlortetracycline residue was

found in one foreign honey (illegally distributed) tested at concentrations of 0.22 ppm.
Conclusively, for more effective control of tetracyclines used in beekeeping should be

further survey for residues in honey and also national guidelines (maximum residue limit :

MRL) and methods should be obligatory.
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3 glen FYFL 20000 296,342kg,
20039 F=, "= F 167H=olA 671,237
kgo 2 Ha Frhsta slow o= AP F
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Fdstz S wgE B 4Rl o2
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29 E9 HdA EAV ST AT

FU oA HE] ARAIRLEE 23
23 o2 microbiological assay’”, im-
munoassay”'ls). thin layer chromatography
(TLC)®' %ol o™, FFYSEE high
performance liquid chromatography (HPLC)
162 capillary high performance liquid
chromatography24), high performance liquid
chromatography - mass spectrometry
(HPLC-MS)®? £o tjdt whyel W3
H1 Udoh T3 AE FAHIYLEE A

A2 (solid phase extraction : SPE), o
A% 29 (liquid-liquid extraction), AlEILA|
A EAAEY (matrix  solid phase  dis-

persion : MSPD) %9°] 9&dH, °l5 SPE
HE FHElZAE ol &, A5 AHA 2L AH
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Charm O ¥™ 22 count per minute (CPM)
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Table 1. Sample size of the experiment
Domestic honey (n = 38) Foreign honey (n = 22)
Item Le Total
. . gally Illegally
Acacia  Wild flower 44 ffed  distributed
No. of tested 20 18 13 9 60
% 33.3 30.0 21.7 15.0 100.0

& E Charmll S 0| &8 Zto|H A AL

2171 A BEFEAE o8& Charml
#7600 system (Charm Science Co. USA)
& AT

Al2F : Charm Science Co. (USA)2 MSU
multi-antimicrobial standard,
Tissue performance negafive concentrate,
MSU extraction buffer, Mg buffer, Optifluor
2 tetracyclineA kitE AH&-3tch

A=Z2l MXe| : Charm Sciences Inc.ol A
Agst AdHol wat opz et ol A3t
Aok, 2oFstd, HE O 1mset MSU ex-
traction buffer 9 mE 50 m¢ YA FE
3l T3 Z M, buffer ol g3t pH7F 7.5
7t HEE 2SR ol HA A A
kS "Wl AR WY Z=FSF 300 e 7t
el oF 102 Fot wHtE F A gFE9Y 5
mE 7}3tX, orange tablet® ¥2 % < 15
27 wwkstg R, 35C 587 A=A A
I F 3300rpmol A 53 AAEHEE A
S AARL FHF 300 & ¥l 10
27 st SAH A =

concentrate

[

Adde £AL 9T EYY o8, 187

T F

Positivezt A& & Charm Sciences Inc.ol
Al AlFE Al F FAHZARE oty
o o] Wyt AP At
O 24 EFE4 (negative control) : MSU
extraction buffer= Tissue performance negative
concentrate® 34 A7l & Z AUk
@ FAEFEZ (positive control) : MSU
buffer2 MSU multi-anti-
A A7l

extraction
microbial concentrate standard&
5 Z A9

@ &39 (buffers) : MSU extraction buffer
2 M, buffere 7zt &8 ghda|Alol w2t 3
Aste] ¢FAE A AT

@ SANZEAIFES F£4Y] (negative control
for performance monitoring) : @ollA Z=A|
3 negative control 2 m¢ol MSU extraction
buffer 6 mME Yol FA&A EFF F A}
£t
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for performance monitoring)

Z 4| (positive control
@AM EA
3 positive control 0.3 méol negative control
6mE EFste] sttt A4 2mest
MSU extraction buffer 15mE Yo &3
g AHE T dos A2 zeHRE 3
At

® CharmII #7600 system2 2 positive
control-tetracyclines € &A% I #*
o] 20%E5 Y% S control point (CP)#L
E— 6]'AAJ— O}‘Iﬂ CP%}'EE}' wom o]:/\—] CP

AN —

#ET god SR st

X~

(=3

HPLCE ol 88t MUHZHA}

7171+ AH el o] &8 7|1712& Vacuum
manifold (Supelco), Vacuum pump (Savante)
£ AHE3I AYAAE 7 AAE QA
Zro}E 9 9 (Spectra system UV4000, TSP,
USA)E ol &33th

EFEE Y Al HEHFHA EEF
oxytetracycline (OTC), tetracycline (TC),
chlortetracycline (CTC) 2 doxycycline (DC)
2 SigmarHUSA) AEFES AHL3RAL, 4
o] Ab2 ¥ methanol, acetonitrile ¥ F /4
= HPLC#%&, NaEDTA, anhydrous so-
dium phosphate dibasic, citric acid mono-
hydrate, oxalic acid & Al g A48 XE
ANFE EF o4 FEE AU

ok

Solid phase extraction (SPE) cartridge
Sep-Pak tCis (500 mg, Waters Co.)&
Bakerbond SPE (COOH) (500 mg., J.T.
Baker Co.) & Ab&3l4 .

0.1M NazEDTA-Mclivaine buffer: Sodium
phosphate, dibasic 284 g& SHFFol ¥4 1
¢ 2 &3, citric acid 21.0 g& &5 =
o 1¢2Z 3¥td Anhydrous sodium phos-

ok

phate, dibasic €9 625 m$} citric acid &
A 128 EE3 F 01N NaOH =+ 01N
HCIE 7t8l9 pH 4020052 &AL
g9 1625 £9] NaEDTA 605 g& 78l
=gon, §942 vjF HEQ ALY
Exz2Y =M : HESHRIEZHA EF3
10 mgS 22 Hdsd 100 me 2N &%
ZA3e] Y3 methanolol $43]
< 100 wug/mt FEZ TEY IHFY
(stock solution) 2.2 3ttt ® EFHY
olEA £MWE FAdo 10 /Mt TEE
DEo] BEEENCT Eon, o)lF EFEE

a
)

2
=

Ql

tlo -l=°= Lo o

Be YARBSAA 1497 AHLE ATt

Ex=zM &AM gEsHNo|ZHA B 58
o (10 pg/mé)E 100 m¢ 2N £33 Fg23
of 10, 5, 3, 2, 1 mH H3tZL o|FHLE

BEAA7LAl A9 1.0, 05, 0.3, 0.2, 0.1 pg/mé
o2 A3t 671 vE FAE EFEE
A-g 50 w¥ FHdtd 4 AZREIY
oA ztzhe] HlEZN|ZFUA JFAEH
g3 2l FFRFE P X&FE F
T, Y&EE HHez 3ld EEFHE FAA
st o,

Alzel el - HE 50g2 FFstod 50
m YAFES ¥3I 01M NaEDTA -
Mcllvaine buffer 20 meol >xoA F3 3}
¥ methanol, %%, ¥3 NaEDTA &9
10 mMye=E vzl A3 A7l Sep-Pak
tCisoll EHAAFI L, Sep-Pak tCis& 5

2 AAS F AZAHAA 5587
methanol 10 M2 £&3 gttt o
Bakerbond SPE (COOH)E E#AIZ
methanol 10 mZ A3t 001M oxalic
acid®} acetonitrile EFEH (4:1) 5 mME
22337 045 um acrodiscE 33t
HPLCS Alggdoz A&3ldn (Fig 1).
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EM=x=d . XTerra Cs(Waters, 39 %150
mm id, 5 m) ZEE AHSSAIL ol &l
= 0.01M oxalic acid, methanol, acetonitrile®
EFLH (820:80: 100, v/v/v)& Whatman
045 mm BHE oAFRst ALsiAoH, HE

A ZALlE 360 nm, FEL 0.9 mé/min.C

tt
o
o2
58
it

o] 542 oxalic acid 126 g& FR/RF 14
of ¥ F o] £ 820 m$} methanol 80
ml, acetonitrile 100 mE & E§3 g &
) o3 A (Millipore, 0.45 ym membrane

filter) 2 A #3te] o] FA4LZ AL AT

Sample 5.0 g

! tlend with 0.1M Na;EDTA-Mcllvaine
buffer 20 mé

Sep-Pak tCis

| pretreatment with methanol 10 mé,
D.W. 10 mt, sat. Na2EDTA 10 mt

| washing with D.W. 25 m¢

} air dry under vacuum for 5 mins.
Elution with methanol 10 mé

l
Bakerbond SPE (COOH)

| washing with methanol 10 mé

Elgtion with 0.01M oxalic acid-acetonitrile

(4:1) 5 m
d
Filter with 045 um syringe filter
\

Inject into HPLC

Fig 1. Flow chart of sample preparation of
tetracyclines in honey

HE Z HEIMO0IZRN SUEE FEEY ¥ TFZA

HPLCSl E&EZ4

EZELYS Z+7h 100~1,000 ng/me %
¥ YoM HPLCoAl FYste] A MHZ
712 2489< 4 OTC, TC, CTC, DC 4
5ol ABASF 0999 o] FEF
A4 ¢ Jep A (Fig 2).

of\

E—O—OTC —W—TC —A— CTC —%—DC

140000 r
120000 r
100000
80000
60000 ¢
40000 r
20000 r
0 - .
0 500 1000 1500
Concentration(ug/mi)

Peak Area

Fig 2. Standard calibration curves of four
tetracyclines (v250.999)
OTC : oxytetracycline
TC : tetracycline
CTC : chlortetracycline
DC : doxycycline

HPLC 2 =0l HEL 58

B EH O ZUA 42 oo
HPLC ZAZwE1Y L Fig 394 He vt
ot 7Z+tet 4% EFEFEL YL 500 ng/gd)
TR olstAlolE B FsBol Hileto
2%, BAso HPLCE B89 o &
HAESY HIANE Aolo] BEEAF 5
¥ RIUES UBYS AAT & AAG
(Fig 3 2 4).
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Fig 3. Chromatograms of four tetracyclines.

Minutes

a: 500 ng/g of four tetracyclines standard, b: blank acacia honey, c: acacia honey
fortified with 500 ng/g of four tetracyclines. {OTC : oxytetracycline, TC :tetracycline,

CTC : chlortetracycline, DC : doxycycline)
-]
4
; 3
2
DI
o 2 - s s 10 12 14 16
Minutes
Fig 4. Chromatograms of four tetracyclines.
a: 500 ng/g of four tetracyclines standard, b: blank wild flower honey, c: wild
flower honey fortified with 500 ng/g of four tetracyclines. (OTC : oxytetra-
cycline, TC : tetracycline, CTC : chlortetracycline, DC : doxycycline)
Agd: 9 AHUEE A3}/ H3d S ALY Hg WHolAF(CV)E 32~
CharmI ¥ g 4AAd HEZDROEHA 4.9% HA A (Table 3).
gAEDo] FAFHA ¢ AR AL ol9} 7L A+ Codexe dWE$7t 3
olFtAlot & FeEE AE3td 01~05 FE&E2A4 100 ppboldd 4% 80~110%<

pg/g? FEZ F7ME 3 58S SHI
A3 olFtAlolE AN A OTC 71.4~81.1%, TC
71.2~85.3%, CTC 718~83.7%, DC 72.0~
85.0%2 JelstY AFHY HF WHojAF
(CV)E 43~66%°|AtHTable 2). 3=
ol OTC 73.8~865%, TC 76.6~89.0%,
CTC 73.8~84.8%, DC 73.2~85.6%% 1}k

H3 Oka 599 345% 837~99.6%(CV
09~43), 7 5% WTIAN 05 u/gd
FEE HJ/E F AYA HENER AT
A3 g 3ol ofFtAolE 868~
995%, JAI}E 768~97T4% 5L 7T w
g2 @ 358 Bgoy, 7% By
= 01~10 we/gd TEE HME F FH
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£°] OTC 78.09~871%, TC 7418~
88.11%, CTC 68.4~80.23%, DC 62.77~
79.44% 2 £ ZAS}E FAHE AAE B
ojs} o] 3FE& 9 Aol BEY FF, ¥
A dded 3 AANGE S FF

ne
o
3
(¥
>

QEAe) $UE 59 o7 9o BE 2
#2 Af gad By £ 345
7] AAAE £ A7 Y A
#es Yot

Table 2. Recoveries and coefficient of variation of four tetracyclines in spiked acacia

honey
Recovery rate (%, meantS.D,, n=5) Coefficient of variation (%)
Tetracyclines 01lpg/g  03pg/g  0bpg/g  Mean ﬂOg.} g u%:} . u%?g Mean
Oxytetracycline 714466  81.1+38 753%36 759+47 93 47 48 6.3
Tetracycline 712145 85326 799x40 788%3.7 64 3.0 5.0 438
Chlortetracycline  71.8+36  83.7+26  788+3.6 78.1+33 51 3.1 46 43
Doxycycline 72067 85055 824+34 798+H2 93 6.4 4.1 6.6

Table 3. Recoveries and coefficient of variation of four tetracyclines in spiked wild

flower honey

Recovery rate(%, mean+tS.D., n=5)

Coefficient of variation(%)

Tetracyclines | 01ug/g 03ug/g 05upg/g Mean /z%} g u%?g ﬂ()g.? . Mean
Oxytetracycline 73.8+22 815+39 865+17 80.6x26 29 48 2.0 3.2
Tetracycline 76.6+1.7 839+55 89.0£52 83.2+41 22 6.5 5.9 49
Chlortetracycline 73.8+35 817432 848+35 80.1+34 47 3.9 41 42
Doxycycline 73.2:36  83.0+33 856+l6 80628 49 4.0 19 3.6

Az ¥ musy E¥ Vinas $'7¢ 15~30ppb, Oka £

HEA HEGRZAA FAER 43
of g HETAY FFEAL olFpA o} &
oA z+z} OTC 13.8 ppb, 22.1 ppb, TC 14.6
ppb, 23.4 ppb, CTC 26.2 ppb, 51.9 ppb, DC
24.9 ppb, 49.3 ppb, FF3FA Zz OTC
14.3 ppb, 22.9 ppb, TC 15.2 ppb, 24.3 ppb,
CTC 26.9 ppb, 53.3 ppb, DC 25.2 ppb, 49.9
ppbFEZ 28 $ YAt (Table 4).
T 50 At AYHAAE/NE oL w
EAYe HEFdA = OTCY TCx= 0.01

ppm, CTCS DCE 0.02 ppmol YT, &34

2718 o]&3% EAMAAME OTCS TCE
0.01 ppm, CTC® DC+x 0.05 ppmeo] ¥t}

OTC, TC 20 ppb, CTC, DC 50 ppbo.Z X
1&g

AERAE AAY we gdatd A
AYPPEe o&8E TLCYE 01ppm
FZoly} ABWO T capillary HPLCHEX &
HPLC® Eth 1008 o4 =& 7%(05
ppb)E HEolt, LC/MS® 2 1~4 ppbE H
L AT ol o) AZHRAY HF
A9 ztols HAAYT WEe =H B
A AER, dAY, A&7 £F 2 ¥
& olEA &ul 5 B4 z7o zold w
£ Aoz Woyw E AgzaRE I
ZAFS fANE A e B Yoo
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Table 4. Limit of detection(LOD) and limit of quantification (LOQ) of four tetracyclines
in acacia and wild flower honey

Acacia honey "Wild flower honey

Tetracyclines LOD (ue/kg) LOQ (ug/ke) LOD (ug/kg) LOQ (ue/kg)
Oxytetracycline 13.8 22.1 14.3 22.9
Tetracycline 14.6 234 15.2 24.3
Chlortetracycline 26.2 51.9 26.9 53.3
Doxycycline 24.9 49.3 25.2 499

LOD' : Blank determination + 3*SD, LOQ  : Blank determination + 6*SD, N=20

nE

4, =HE 240l9T HPLCE A ZAA
Az FUA FZ3E 1A OTC 0.02

E 3 " EgiAol 22 o4F BF

G B W, UG L Qe & ppm, BUHE HE AFLE 154 CTC
e FUT UE 3 60hE WEH 022 ppomeZ AU (Table 5). T
CharmI o2 ~Feld e 2% ¢4 428 FHL IHES FFVA 229 pob
WSS Hel WEBE opppAclE 1, ABE  olstelth

Table 5. Residues of tetracyclines in domestic and foreign honey

Domestic honey Foreign honey

Total

It - Wild Legally Illegally
eme JAcacla | dower  distributed  distributed (n = 60)
(n =18 (n=13) (n =9
Screening method 1(1.7) 4(6.7) 1(1.7) 1(1.7) 7(11.7)
HPLC - 1(1.7) - 1(1.7) 2(3.4)
Concentration of tetracyclines
oxytetracycline (ppm) - 0.02 - -
chlortetracycline{ppm) - - - 0.22

" Modified CharmI method, n=number of honey
Data is represented as number of detected sample and detection rate(%)

o
ZA8 AH o F 1%, A% 013~056%°]
doy WBANE 53%F L HEL H
olz UL, g HE Z HEHH Y
A GAEA B2 L 20029 AFNA 5%
2 OTC 37 ppb, TC 73 ppb F&°] HAE&H
Aom® 20000 AMuchilA AR FEE7t
2 gaoz A A% & 131%7 F 2%t
A 20 ppb7t ZFH HZHUZY,

Heering 7€ 1998 &%, okAlol, W%

EU2001)o0 A ZEFF 27 SAE
6%

F oA REE
ppboldh) el HERIE Ste F
oA AEHT gl

U FRAAZIHE ﬂ%iﬁlz}ii%az)’ A
Wop 20 zAdAME AEHA FRS
U 1% 1996 H o] wEw FFF
NN fBHE B 504 3 % 1630l 3

N

Foll Al 12%(50
ge 7t

. &(0OTC 0.09~4.0 ppm 94, CTC 01~2.0

ppm 77) At o]} o] HyAe] WE
ZAF A9 Aols AAN W FH FAAE
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a2 A7 T Aol9t HEZR]
FAEZol E3 el Bt I
A _‘?.EH BE3AA HAHY Qo2 A
B2 FUdAME qu Ea
| _9—‘§°] SHHI doen 53] oF
Al B U EE dEY HdAdol FA
2 gFIX do FHI FESEFY
cFRoT A AFAY Avte] AFE
H2 o] FANEY FEAd=olA
ZAFEA FAS A FEE A
Foyr 2 FYN F& EFok
st AARL @AM E AlF &
A AALE stodok & Zoint

2 AggA ol§¥ CharmI B2
AadtA 2 9 UdA (false positive) 5
343]'04 kA ) Z A & (Positive Control) ¢
& HAsld Ag3dth Charm I ¥ A
/‘}"]Z_ o] 20% oW E A&3% AAE &
F doy AP F HIEo]Ao] LAFHY
Zrol At o2 AEEHw HIZ Al HPLCH
5o AP 93 HF HAF HaEt
U g g o)) o]l WE F ARIE
Aol &2 HEZRo|ZHA JFAEF F
OTC, TC, CTC, DCE #sial=z glol FAl
of EAs7] sl SPE cartridge AA 5
AAY, A&7 FF/F 2 #3, 58 &
o 5 M A g Bo g AFst
o]Fojxol 3l WEe Wi IHEF
F3LNE 2 HAAEY AHe] HLaso
&zl k.

 fu oy
2 X

-}

O.

oZ

of

=

wi 0% 2 o o
o
¢

rIOoia_\,L
é

2 £

HES HEZSR|ZHA FAEF 4F
(oxytetracycline, tetracycline, chlortetracycline,
doxycycline) ol th&te] Sep-pak cartridgeE
o] &3 Alg9 AHA, FEHAHE AA =AY
AAE717F AFE A2 EINIHZ
SAEHE AT BP9 XTerra Cs
(Waters, 3.9%150 mm id, 5 m), °©154 &)
+ 0.0IM oxalic acid, methanol, acetonitrile®]

F HIERMOIZUN BYBTe| FURM % IRZA

E8-H4(820:80:100, vv/v), AEoFE
360 nm, &% 09 m¢/min22 A3 E
) BEEAA AFBASFT 0999 °liFe HAHAA
< vER AT

01~05 pg/gl2 73 HESY H#3
FE&2 o}FtAolEA A oxytetracycline 71.
4~81.1%, tetracycline 71.2~853%, chlor-
tetracycline 71.8~83.7%, doxycycline 72.
0~85.0%°1R2 ARAY FF HWHo|AF
(CV)E 43~66%°1%od, JIEAME
U4 2 35EE B AE9A 2 HF
FAE olFtAolEA A 77 oxytetracycline
138 ppb, 221 ppb, tetracycline 14.6 ppb,
23.4 ppb, chiortetracycline 26.2 ppb, 51.9
ppb, doxycycline 24.9 ppb, 49.3 ppbel3i 2
W JgEAME olFtA ot ER FAIG A
E BEXh

JA AHeAM fFEHE FHAL EE 38
A (otFtAlobE 20, #EE 18)F dBAY
Wl Ha AdHUNAEFEAA FY3k =4t
E 134, 39 A3A6 o8 29 F5HE
= B 94 F F 604 ¥WEHE Charm
Oy s HPLC AA 23 E¥AF% I 9
ZAF 1Z9M chlortetracycline 0.22 ppmol
AZ AT

i
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