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Analysis of Tetracyclines Using High-Performance Liquid
Chromatography for Fishery Products
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An analysis method of tetracyclines for fish and shellfish products containing large amount of low molecular
materials and pigments was established. The recovery of the established analysis method for four tetracycline
samples was 72-100% and higher than other methods reported. Especially, proposed sample treatment protocol
was shown to be effective for the removal of low molecular materials and pigments that tend to interfere
with accurate analysis. The detection limit of oxytetracycline (OTC) and tetracycline (TC) from the sample
was 0.02 ppm, and the detection limit of chlortetracycline (CTC) and doxycycline (DC) from the sample
was 0.1ppm, To examine the efficiency of the established method and identify tetracycline usage in fish
farms, tetracycline group antibiotics in the flounder being cultured was monitored. The improved method
can be used for fish and shellfish products effectively and all surveyed fish farms have used tetracycline
all the year round. The proposed method was adopted as official method for fishery products by Korean
Food and Drug Administration in 2003 and it is being used by regulatory authority as National Fishery
Products Quality Inspection Service.
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20059 @A S JREE of 0dF g BES ARAWL ASHRL = o2
Bo] 4§08 ARHT gom, o] F tetracycline  ©f al, 1992). W FAEL] TF P H4FS AHHE
Al BAQ oxytetracycline©] 7F3 2ol ALg-s 3 lc}. 1) AHE A5 AA FliA T AT FaEL S
3 Sjollae] JHEAe] AEE ARE E3 tetracycline Al 7} SHAA A A5 2A Y daede] 84S doj=g
A7k oF 800E L2 WA AHEH 50%S AASI UrkHa L HPHIE AR B7Fssl € S 7] el 45F
et al,, 2003). Tetracycline”] FAAE polycycle T2 7px & FTFAL WEEA] A2 ofor AFAYFA AL 21
T Y= FJYEAZAN BT MARE StAELL A =i ﬁlq(SOng et al., 1994). wela] A& 2o gaEd 5H
AVYSFE 7} Streptomyces aurecofaciens5-E] chlortetracycline = W=, EUR RS AA BE S7he 28 A4S
o] A2 AL o), Swreptomyces rimosusZFE oxytetra- #943)(CODEX) oM Hth8]-§2F7]E(MRL, maximum
cycline®] 2] %1 2™ (Huber, 1988), democycline, doxy- residue level)2 AAsto] PAStA ot
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cycline, minocycline 5-& T#lo] 2/MFE tetracyclinel A Al SHH AE A HRFE Al A AF Foll EAlSH A
o]t} E3] oxytetracycline< tetracycline] YA FollA] 7} 3L Qg3 FRista Hrketr) fste] AEA des A%
7 A P HAE UERY, ol /Y HlBRF, A4 Hel] o] RAAHT $AHoE dYsojoF Fhrt

FEF L ophIRATH 2L AT A Awol AL Bl wwncyclined) A T2l B FR AL B4
93 Qo olsh Ro) S8 FREAL PG 2] ofF  ATE o8 PIUETH PAMY, ME 2=rhE 1oy
A9l o e AE 5E BH] PO AE FW PAs SAVLE o &5KE charm I DY, FLW A

of ZA FRE st A, B7IS AMS Ee 2FE0E Wy 8 HPLCE ol 83 V7| EAY Feol Basa 9tk o
Z HAETE dalg oy v a2rtE e dA]d
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(Kang et al, 1996). 9 GCY GeMSE NEZHA &4
391 2 Aol S A HAY7} BFH] FA
we 5o ARE BAS] olel g Mol AHHT grk wet
A Alge] AA7) Bl folaka AMA] HS HPLCE
o]-&3 &40l 7H de] AMSHI ok FHEA B4
o] HPLCE AH&-E 7 Bl ZAH AHIE e A7l
AU BENEAAE S 7 A7) Wil AEF T FaEd
of #3 AFEH ol FADT oA dE] AMEEI ot

FH AF7A AF T FHER ASo Wy sl
B AT A UFE FAAEFS e R o]Foix fe
), tetracyclinel] A FE3F ol9]= oAt a8y 2d
o ol F¥A 71wl wEH viEo] FAo|F ALIE] YAt
2 AH7F FoHe ue) FHojRe B8 AR %A
o2 U I T A B4 Ue AFANE i
AL gastk AHo Bastthe AT S/
wet o AFAEC] oHF Fo FHEA AE #3
Zl& M 232 A&EFog Bustn vkBjorklund, 1988;
Rogstad et al., 1988; Ueno et al., 1989; Segawa, 1995; Fujita
et. al, 1997; Namdari et al, 1999), 12|} A F71A] Rug
Alg BEAHES] R 2L TS Al Ao 93t Als
Fol EAske 7 7HA) dEEAT A 4 i, A9l

b e o7 Foll EAT AEA FFEol Y& Fo

o
AR skl JUsn AW g PAANE Q)

oglg APl Jd' AOE IotEY

wetA] B AFgMe daEge gk 54t E YAk
EH Al FA ol Foll EABE tetracycline Al 3t
A 4FE B2 AFPLZE FAl AT & sle AEY
MWEE AEstgon, dE BAuygg AMEshe] AgkEl
oA LB 2] FAoF T A I FUEH
Ai#E HasEaat ok
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Alel 3AIR

E oM A" FAA e EEF oxytetracycline (OTC),
tetracycline (TC), chlortetracycline (CTC), doxycycline (DC)<
SigmarH(USAYE AH83tH o™, A8 F9] dAA FEd <=
n-hexane, acetonitrile, methanol, chloroform (Merck, Germany),
oxalic acid (Sigma, USA) 5& ANt th 12)ar A|F oA
F&3 FAYA AT Sep-pak Cis FHEZ | (Vac 3 cc, 500
mg, Waters, Ireland)S AF&3FG T}

G2 F F9 tetracyclineZ] A A BUE L A AF,
45 g B FEAY FAA FAFR ol FE e

sttt

Sur EE2Y TH Y EEIM I

Stock solution: Tetracycline, oxytetracycline, chlorotetra-
cycline ¥ doxycycline EFF 27} 10 mg®-& 100 mL &
Felmae] #Hstn FHRFE %] 100ppm FE Stock
solutione AT}

Working solution: Stock solution 10 mL-S % 33| # 5l
100mL &% Zelaz0) 712 FHFFE ZANAA AL
o 2 £t REGAOR ARSI 10 ppm RESY
< 48t 01, 02, 0.5, 1.0, 2.5, 5.0 ppme} working solutionS-
uHEo] AHESHA T

HPLC ©]54+e] A Z: Methanol, acetonitrile, 0.01 M oxalic
acid €42 1:2:7 (pH 2.0 with ammonia water)?] H-&2 &3t
3t ¥ 0.2 #m membrane filter (Millipore, USA)3}S] o] EAC

Z A,

Tetracycline ] SHMX| =&

oA F 59 tetracycline] YED 9 = L E242 Ueno
et al. (1989)0] AIAF WS vha3 2] et A8
t}. 5 Fig. 19419} o], 2t X & £ o]§2 ZA| v
ke 28 o8 10 goll 0.5% disodium EDTA (Sigma, USA)7}
F% 5% trichloroacetic acid (TCA, Simga, USA)S 40 mL
A7}t homogenizer (Polytron PT 3000, Switzerland)& 2%
7t A5 FH AR gAY 8,000 pmell A 2087 94
E-2)(Supra 21K, Hanil, Korea)3+ & ZALS A AG A=Anks
FAstel FAAFR 1 F AAZEE AASY] AsHH
n-hexane¥} chloroform (9:1)-89-& 40 mL &7}t 7}sHA|
30%37 EE thE 5 9E FHstArh2sd vk, AFo] AA
H stEd8e A5 =7|(EYELA, model N-2NW, Japan)Z
40ColA ¢ 3mL AE7HA 53Ut Ag FFAL
vacuum manifold (Supelco, USA)E ©]8-3}] Sep-pak Ci3 7HE
Ao FHAZHT

Sep-pak Cis cartridge™ AlEE F&A]7]7] o methanol
20 mL, £F4 20 mL, 5% EDTA &9 10mLE £ago 2
0.5 mL/min®] £=2 T cartridgeE 431171 & AL&3}
Gtk A FEES FRAA FHEAE
oF 0.5 mL/ming] =2 A&sta] 84 4
methanol 40 mLE &3FE$ 0.5mL/mind] £E2
th. Methanol §&5-& 40CoA 2} FF3te] A7),
AT EE acetonitrile™} FFH5(3:7) T NS AHE-E1e] 2 mL
2 AL3}31, 0.2 #m membrane filter® 33+ & HPLCE
A8 H . Tetracycline T A TFE L A8 F2%9] 7]
71 2718 Table 13 2} A HEF 2 FE299
#4J o]+ Shiseido nanospace SI-2 HPLC system (Shiseido Co.,
Japan)@} Cj3 column (4.6 mm IDx250 mm, MG type, 5 ¢m,
Shiseido Co., Japan)2 A3} ct
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/ 10 g of homogenized sample ‘
* Homogenize with 5% TCA containing 0.5% Na2-EDTA
for 2 min
* Centrifuge at 8,000 rpm for 20 min
l
Solid residue
(discard) Water phase
* Wash 2 times with 40 mL of n-hexane and chloroform
| (9:1 soln.)
n-Hexane layer
(discard) Water phase
+ Evaporate to 3mL at 40°C
Load onto activated Cis SEP-pak cartridge —l
» Wash with 40 mL of D.W.
* Elute with 40 mL of methanol
Fraction i
« Evaporate the eluate at 40°C water bath to dryness
* Redissolve the residue with acetonitrile and water
(3:7, 2mlL)
* Filter through 0.2 xm membrane filter
HPLC analysis
Fig. 1. Summary of clean-up procedure of tetracyclines for fish and shellfish sample.
Table 1. HPLC instruments and analysis conditions for Al EFA] REH £4& A sty th
tetracyclines Z Ueno et al. (1989)2] #Hgol M= TCA 9o &3
HPLC Shiseido nanospace A 58N Fo] EAT 4 e A AELS AAS)] 95
Column Shiseido MG Cis, 4.6 mm ID x 250 mm A BZ2ZNS nhexanel 2 X2 3tg.o L), Wigo] S3} 7ol

Mobile phase Methanol: Acetonitrile : 0.01 M Oxalic acid
=1:2:7 (pH 2.0 with ammonia water, viv/v)

Flow rate 1 mL/min

Detector UV/VIS Detector 360 nm

Injection volumn 20 rL

Ending time 20 min

a1 # Nz
Tetracycline SHAHESZEIQ| ZA|EME 98 7|&4id

o ZHAE M

AYF AE 9 tetracycline T892 WA FA] £4&
3k Ueno et al. (1989)6] 7R3l A|@H-g W3 A2
B2 S 3319 Ueno et al. (1989)9] A @H-L =24

MNE9 A2 § HPLCE °1 8% ¥4 F ©AZ FEHo
lom, B d7dNE E&AQ0 E4Y NdE fste =

A20] ol FHE ARNAE ALAAN olef e Hitol
910] n-hexane® chloroform2 9:15 &3 fAo =2 A g3
2o AFsel AR T AANES AARAD. 190
UenoollAe A &S AHE A EAE Seppak Ciss A3}
o AAE W 60mL B FEXE 30mLE 5T
Sep-pak column®l| loading3}3th &} ol¢} 42 we gl
A& FZHL Sep-pak columnd AME3sle] AHAE 7
Sep-pak column®] FEFo)| wg} AAZHo] Ags] T
Aol A sh= Aol EIHAT. 53] Disc typed}t &
2% columng AHE-3le] thEFo] AlE NS loading® -5
loading #7 Foll A|E&-Hol| FF5o] AW EDTA A0
225 o] column?] oJHuhS To} A5 £FEE loadingS
welshE 297 wol WA,

M Ueno et al. (1989)9] AlEH-L o179 &5 B W7
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A A €] oxytetracycline?] HES X502 JEdt Ao e
w, AAE B A ofA] 28l gk B4 A= AT
3 o 2ulsg 7T Feg FRIHATE 22y A4
B e Ae Ay AER B v i o] /Y
ol Az AR oA e o8 744 e Edo] FAAA e}
A AEE o] AR Foll EAshke A o] A& grlot

A#ole BAF v Ao A
Z12)31 Ueno et al. (1989)& A=&HA] FEAITH & ¢d7tell A
291 A3} Ueno et al.o] AAG 2702 oJ3F A8 F9
tetracycline”] ZAAE B4 A 10% ool 4 48 EF
A&L e Ao R elEgdrh T8V retention timeo] AAThE
o2 wWE oTCe TCY A% AR £o A=A gl 7}
A W3 EFo] A peak AT YER} AR Fo] FAAE
A3 FA3ted B2 EA-o] e Aoz FRIFHATh
T12) 10 retention time®] AP FHOZ =& DCY CTCY 24
AE =7 uiF Yol AR A7 Fo A HEA
ARESlE o EAHo] e ALFE AQHUD = E
5)

=

Ao A Bol” HLEE Ueno et al.o] A|A|3F OTC A& A)
HE AMESle] DCY CTCE AF & 45 A e B8E
o] A 1ppm LTI A|E9] A% 02 ppmE HE A7)
vrol AIAE A5 YT S ERlske AR
= olEE AR FAHIUTH

Wb B AFNME tetracyclineA] A 45S L ESE
F Ao B8 5502 Ueno et al.o] A|AIS A5 A2
2 HPLC B4 21 58 HASIY MNFH tetracyclines] A3
A EAMS A A THFig. 1, Table 1). AAH B4
z7A80M Zzte] YA BFEE 2 oulF AR Fol
SH-H 42 9) tetracycline] A FA] £43% 22 nfE
& Fig. 28} Fig. 33 £t
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Fig. 2. HPLC chromatogram of tetracyclines in spiked olive
flounder (Paralichthys olivaceus) sample (1 ppm).
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Fig. 3. HPLC chromatogram of tetracyclines in spiked pacific
oyster (Crassostrea gigas) sample (1 ppm).

= AAE B 243 oM A= HPLC A2
of Ajgiso} e A&7 Z=d we} A detd =
AAMA T oTCS TCY REER ] HAEIA = 0.1 ppm7HA
agla Al 9 AN A5 ARARAA T sHAF
& g w002 ppm7tA] HE Vs 3 Ao E FRIEAUT
23y CTCS DCY| A EFEZL 0.5ppm I1F L A
= FAAE 0.1 ppm7tA AE] 7T

TetracyclineZ] A 2] EFE-N-G o] FAASE 0.1-5 ppm
Tt HA 84t HPLCE 4% v wxdld o2
peak HAH|E o] &3} EFETH-& #45 ZI oxytetra-
cycline, tetracycline, chlorotetracycline, doxycycline®] r* Zhe
7}7} 0.9913, 0.9979, 0.9944, 0.9936°.2 2% F5 3 AM4
(*>0.991)& VER A Th(Fig. 4).
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Fig. 4. Standard calibration curves of tetracyclines.
(H OTC, @ TC, ® DC, A CTC)
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o e H58-S 717+ tetracycline B34 EEEARS %;]il

5 10 goll 22} 0.1, 0.5, 1.0 ppmS EF spikingste] 34
< T THTable 2). FX]o] A9 7474 Zo A9 tetra-
cyclineZ] 3]4-&2 0.1 ppm 59 A% OTC, TC, CTC ¥
DC2 382 7zhz} 100, 100, 72 2 78%A 1L 0.5 ppmol A=
Z}7k 98, 97, 85 R 82%Q0.™ 1 | ppmolAE 4H 97,
96, 87 2 86%°1ANoH, x| WE IFgole & Aole
ATk A B AT A Yepd 24 FAAEY I5E
(72-100%)2 Ueno et al.o] | A]EH64- 81%)&‘4 A3 &
AEFE Hetlilen, 28-73%] 3F&S LS Kang et al.
(1993)€] Matrix Solid Phase Dispersion (MSPD) Al &% 2] WY
Hoe 953 £& Zor IAHYAT

Table 2. Recovery of tetracyclines from olive flounder
(Paralichthys olivaceus) muscle tissue

Fortified level Number of Recovery rate (%)

Antibiotic

(zg/sample 10 g) Samples (Mean+SD)
OTC 3 100+£1.5
0.1 TC 3 100+0.9
’ CTC 3 72+1.2
DC 3 78+1.3
OoTC 3 98+2.0
05 TC 3 97+1.6
' CTC 3 85+1.9
DC 3 82+2.4
oTC 3 97+2.0
10 TC 3 96+1.5
' CTC 3 87+2.2
DC 3 86+3.1

F5 v utn) g0

mEba B ATt Al ostd FAAF Foll EAEE
tetracycline] &AA| 452 FAld &40 2 ?:31?4_' F R
The 2e 9E3t9n, Aok AE 20039 8ol AAH
Al ARl B S AES & A5 71—7F g 12 F
N TAE B3t AEFFH FASAIL, B AEHS 2

oFy, FAEFEANLTAA HFAt 2 F44F o 7o

l
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=]

Aol A MdE Eadye] 28 7heA 89 2 oF
2o A 9] tetracyclineA] FAAA| AMS-AH oS 93},

HFUAIAS A Z St SHHN| AI2AIE] 2L Z

o1

Fahol QAN &8 F9 WA FYF FHoIFH R
A AN FEST 9E BUFOIE o wuE
Yo AAsta

L 20013 99REH 11
477 14‘4 5, 95 2 Ad B9 &aA 12 $AFE
oz AA| o}ﬁo o, F 89719 A|5E 493} th(Table
3). @& 9 A AFFE "= 0TCY A5, BERE
-2.17 mg/kg ©1Jth 99 OTCY] HAEFTEE 99o] 24
217 mgkgo B 7HF =9kow 10 2 11¥0] 7tz EXE
-1.34 mg/kg, B-43-0.13 mg/kg °lQ F ZAAF F 0.1
mgkgS 2= A EE 9¥0] 7o, 102 2 119
24z} 1770 2 270[E OTCE A3t tetracyclineZl A A <1
TC, CTC % DCY A AT 5 ASsEw 242 BRE
-0.26 mg/kg, BAE-027 mg/kg, E7E-0.19 mg/kg ©]ATh.

ZAZE F

NG 7 FAANA AL A F

Table 3. Tetracycline level in olive flounder (Paralichthys olivaceus) being cultured in fish farm in 2001

Tetracyclines (mg/kg)

Month Location
oTC TC CTC DC
Janghung ND*-0.12 ND-0.05 ND-0.07 ND-0.05
{0.03) (0.01) (0.01) (0.01)
Wando ND-0.93 ND-0.16 ND-0.14 ND-0.19
Sep (1st)” (0.12) (0.01) (0.02) (0.01)
: Wando 0.02-2.17 ND-0.04 ND-0.05
(2nd)? (0.53) (0.01) (0.01) ND
Tongyoung 0.04-0.13 0.03-0.05 ND-0.04 ND
(0.07) (0.04) (0.02)
Wando ND-1.34 ND-0.08
(1st)? (0.57) (0.02) ND ND
Janghung 0.03-1.19 ND-0.08 ND-0.09 ND-0.07
oct (1st)? . (0.21) (0.03) (0.01) (0.01)
: Wando ND-0.08 ND-0.07 ND ND-0.04
(2nd)” (0.02) (0.01) (0.01)
Janghung 0.05-0.19 ND-0.26 ND-0.27 ND-0.19
(2ndy? {0.15) (0.06) (0.05) (0.03)
Wando ND-0.10 ND-0.08 ND-0.10 ND-0.14
Nov. (0.02) (0.01) (0.01) (0.01)
Tongyoung 0.03-0.13 ND 0.03 ND
(0.08) (0.03)
Range ND-2.17 ND-0.26 ND-0.27 ND-0.19

D, Not detected; l)September 26;

2)September 29; Y0ctober 19;

“October 27.
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Table 4. Tetracycline level in live eel (4dnguilla japonica) purchased from market place in Busan area in 2002

Tetracyclines (mg/kg)

Month Market Number of samples
oTC TC CTC DC

Jan Kijang ND-0.05 " ND ND ND 3
’ Bujun ND-0.02 ND-0.02 ND ND 6
Feb Kijang ND-0.03 ND ND ND 6
Bujun ND-0.01 ND ND-0.01 : ND 6
Mar Kijang ND-0.04 ND ND ND 5
' Bujun ND-0.05 ND ND ND 6
Apr. Kijang ND-0.04 ND-0.03 ND ND 7
Range ND-0.05 ND-0.03 ND-0.01 ND 39

ND, Not detected.

g g 2AF 2T, oFAE AMESEEAL e RE Y] AR
A= T2 OTC AAE AMH3te Aoz AU 18
U 2AME R M= AR AMEEEA] 22 TC, CTC ¥ DC
Fol AEHT AL YA AxHGo F=A T FH=
E4HA= o]F Aol ofF Aol F3, &1 e
TeAE e Aoz FHAL DCE AMES 2108 el
17049] F21 GAE FoF F 3040] A § o AF kA

AFAEE B4 A3 AAZ £33 DCE AEH A 4t
o} orC 2 cTCe] 2+ 0.03-0.13 mg/kg, 0.03 mgkg AEE
ATt

9, RUHPE A HAT GEZA] 5t tetra-
cyclineZl] FAAE A1-8-3F o]go] gle o= FHetEw Q=
ekl Aol YA ST OTCE v 23 45 9] tetracycline |
GAAY AEHL e Ao IRIFHY ol oAFFAH
ol Xe] ofF e o] 47 E Fads 7] aF3ka e
F2olgt & 4 vt wEpA FAojFol tig FRIEAA
A gRE A3t E ARAEY] AAAA AFFAFT
AW A A A 8ol dulFog Fasitka Azgio.

guigolol ok FAA ZUEH -2 2002 1€97E 4471
A B A ARG A FF FQA AE tides A4
St THTable 4). ¥4 27 F-55< WAodA OTC, TC,
CTC7} AEHJoH, 7zt A4 A&7k He B4&
0.05 mgkg o 2 FAA FFo we}t tha Aol AU Al
A ZAPZIZE Foll Wi} S e s S "HREZAL
93l AF7A| WA o)W G M tetracyclineA] IFAYA|
© AHEEA] gie Ao E RIS 2t AR BUE
Habg ol Wadolol A tetracycline”] FAAZE AEE AL
olefo|m, kA = FF FUA FAojFol it A gAY
Al #2e] BeAdo] o] T 1 Fo =, o9} e T
HE A7t AXEke vbe AR 2va @ 4 Qo

¢

fos)

Ab AL
R A SRS DN ELEIEPLEEE RS
!

AF R APFARY AFFAATALALL WA F

A B £ o AasFaReE A 2 BER
9 gl B A7 A7H A o3 FAHAEI T
(RP-2005-FS-006).
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