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Microbiological Assay for the Detection of Chloramphenicol
in Meat and Milk

Seong-Wan Son*, Byung-Hoon Cho, Nam-Seup Jin, Jong-Myung Park and
Keun-Sik Park
Veterinary Research Institute, Rural Development Administration
Anyang 430-0716, Korea

ABSTRACT — Chloramphenicol (CAP) is a very effective broad-spectrum antibiotic which had been
widely used in animal production. However, the drug is not approved in many countries for use
in food-producing animals because of its potential toxicity and the possibility of residues in food
products. In this study, a modified microbiological assay was developed for the sensitive detection
of CAP residues in meat and milk. The method was characterized by the extraction of CAP with
ethyl acetate, addition of 0.15ug oxytetracycline/m/ in the phosphate buffer diluent (pH6.0), a
minimal volume with Mueller-Hinton medium and cylinder cup diffusion procedures utilizing M.
luteus ATCC 9341. The lowest levels of CAP detected in muscle tissues and milk were 0.025 ug/m/
and 0.05 pg/g, respectively. Recovery rates of free CAP from milk were 68.5%, from bovine muscle
65.1%, from swine muscle 63.8%, and from chicken muscle 59.4%, respectively, and the coefficients
of variation were 1.8~15.1%. The results showed that the detection limits of CAP residues in
animal products could significantly be improved by the modified microbiological assay than the
conventional ones.
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AFAT A AH, k 2P FEFA el

& ¥ AFHY, Fobxldd THFARE F 21
7}z zAdA HEsHe HAeg Bustct?

o213t CAP9 A7 HFA W&o vl=E ¥
23 AA e CAPY AH8-S oo AYE AA3
FAsE 9low nFe e AES Aiske T
o] tjaled CAPO| Ab&-g FAska Qg ¥t o}
el saluleld A 1991538 7H5 o 72
Awg P dERez el AHEER CAPS
A AaFA st FAAEAAE HEHAAE
dElE 2 FASL Qo Fojate] el st
gt B B[AEE] Aggoz AL F 9l
=2 Agsta stk

ol A= BFsta v =] w74 Absk A
Zol 7 ALA (Food Safety and Inspection Service,
FSIS/USDA)S] #0121 & dide® gt CAPY zw
2} Bad o)sbw 19813 5857 = 471, 19824
14067 & 47, 1983dellE 1,0297 F 5719 A
o4 CAPS AH7} =y AFHFE Hu
12,671 ppm3-€i #A 002 ppm7tA HEHI o™
A& 137 F 107e] 1ppm olite|Hcial K
5t el? Selvtetel A 198930l =AM ¥ 5P
o] By} osld HA 1775 =5 ¥ AR 34
A8l Alg F A% 2704 CAPe] AHESLH
z}7}b 316 ppm % 091 ppm ol glch

CAPS] A&%5Eo digh Byl AH82 24
3 YA AAE FHAHES Ak HE
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AlHE 717

A&ol] AL8-%} 7]ZE+ rotary evaporator (Bu-
chi), tissumizer (Teckmar), multi-vortex mixer
(VWR), centrifuge (Sorvall), water bath (2} #}8}),
125 m/ centrifuge bottle (Nalgene), 100 m/ round
bottom flask (£A43}3h, 782}~ (200 0.05 mm,
Mitutoyo) = petri dish (87X15mm, ZAZHE
Abg-stelon], Q¥ A dE4l spider (W7 51 0.1
mm)= FSISe 4 A2tgk YEH23 9] stainless
steel plate® W Az (Aol ztshsted AR&-3lad
c}.

Ale¥

Chloramphenicol (CAP)<- Fluka #| &£, oxytet-
racycline (OTC), 2,35-triphenyltetrazolium chlo-
ride (TTC), dipotassium phosphate (K,HPO, %
potassium phosphate (K.HPO,)+= Sigma A&,
ethyl acetate % methanol& J.T. Baker % 5%

Ahg-sfeteh.

v x|

A2 F=80F Nutrient Agar (Difco), SdE&2
2 Tryptic Soy Broth (TSB, Difco), A1 34 wjAl=
Mueller-Hinton Medium (Difco)& AH8-3tsich

AEE e =H|

At B 23 Micrococcus luteus ATCC 9341755
TSB 20 m/oll 274 2mm #WFo|2 HF3te] 32C
82 Szl A 16417 Ak v F b o] ekl
1m/S FF8e]Ad5 19mlodl 343 F spectro-
photometer 560 nm, 1.0 cm cell-& AH&-3le] F3=
(absorbance)7} 0.30] HT& zA3te} WAHES
WA 1597} AHEsRdch o] W9 FyEx o 2X
107 cells/mielglem o] FA-& Alg4 wix] 100
me 1ms AEs] Fae zAY 7S¢ 79
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HASFS 1Lol] Folx ik ARE-3le pH6.0
22 23 4FLINE 100m/7} HEE 3451
WABHstw A 157 AM-s9tH100 ug CAP/
m/).

L}, OTC ¥4 100 m/ £33} =0 =}
2] OTCE 3l 01N HCl 10 m/E =9 t}e
PBHEFTE 100 m7) SEE 3Asled Yaru s
st A 1770 AHE-8HI o100 pg OTC/mi).

k. M4 Q4 8 OTC ZF49E
50 pg/mi®] F= 2 3]A3}e] o] Sof 15m/E 33
QA 484 (pH 6.0)% 715t 500 mi7} B =
3] 5hed AME-3FSITH0.15 ug OTC/md buffer-diluent).

2}, TTC £ I TTC 10g% ZFT 1Ld] =o
WARAsEA 2587 ARS8l cK0.1% TTC 4
&),

AYE BEe| x|

TP e 48~50C 2 FAR APE WA
100m/s ARFY 1miE B F ERY F
7 petri dishel 6 m/4 £F3je] $4E Abe o]
Y F 147 o4 Wandsel ALgsisich

CAP HJIA|RS =N

FEAo] = A e Hmr), HAa)
% ©37]& EEC 4-plate test? % Charm II test'®
o o8] A ¥ tissumizerE AH-8-8led FA5}A
kg A8 AR 25088 125ml centrifuge bot-
tleo] 33t o}-g CAP EF 89S ity kg
(pH 6.0)2.2 3| 4%F 1.25, 2.5, 6.25, 12.5 ug CAP/m/
4o 1mi4-& FHsksled 005, 0.1, 025 05ug/g
AlBE THEe] 4T oA 1217} WA & F AFE-sgich
2 AS Af 50mlell ZH2h 1.25, 25, 50, 125
ug CAP/m/ &9 1 m/¥-& Ar}ste] 0.025, 0.05, 0.1,
025ppm FXxo ARE zAsle] A}g3gich

Alzgeyo| =x|

Muscle & milk
(250g & 50.0 m))
{
Add 60 m/ ethyl acetate
i
Blend for 3min at high speed,
using multi-vortex mixer
1
Centrifuge at 4,000 rpm for 5 min
1
Collect ethyl acetate layer
i
Evaporate to dryness at 40C with rotary
evaporator
i
Add 2.0 m/ pH 6.0 phosphate buffer diluent
i

Mix well for 30 sec on vortex mixer
1
Place at 45C water bath for 30 min
1
Filter solubilized sample through filter paper
)

Assay solution

fig. 1. Preparation of test sample for the microbiolo-
gical detection of chloramphenicol residues in
bovine, swine and chicken muscle tissues and
in milk.

Fig. 1ol 48} o] CAP #H7MAEQ A& 3 o
ol ethyl acetate® 7z} 60 mi4 7}8le] multi-vor-
tex mixer® AR§-3le] T&ro @ 3M7) Zaly 4,
000 rpm (2600X g)oll 4] 587} LAl Ee])g o}e 100
m/ round bottom flaskel] ethyl acetateZ-g 23}o]
40C #2530l A rotary evaporator®. U
gtk ¢ AF-Eol 344 it k8o (pH
6.0) 2m/E FHrlsto] 45C FLefzolA] 3087}
28] A1 Whatman No. 4 o328 oJ3}slo] A&
g o ARg3slgrh

BERM XY A &4eE &Y

7k 2EFA A el Adeid 348 qlakg
¢354 (pH6.0)& AH8-3t) CAP 35 4o gy
¥] 0.3125, 0.625, 1.25, 2.5, 5.0 ug CAP/m/7} 5= 2
3|83tz 1.25pg CAP/mIE F7EEd 3ld
AOACS] W™ el ote} 5T 8 2H48kx slope

< AAkstgich

o 3eE 34 4y 5709 CAP A}
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Table 1. Optimized assay conditions for the detection
of chloramphenicol in muscle tissues and
milk by the modified microbial inhibition
method

Experimental factors Remarks

M. luteus ATCC 9341
Mueller-Hinton medium
6m/ (1.0 mm)

Organism

Medium

Volume of agar per
petri dish (thickness)

2X10° CFU/m/ agar

Ethyl acetate

pH 6.0 phosphate buffer
diluent containing
0.15 uyg OTC/m/

300 W

32T, 14 hbr

Concentration of inoculum
Extracting solvent
Dissolving solution

Volume of cylinder cup
Incubation

ABE MY AELdd o) HAAH APTY
uhgod Al A7) FFgE CAP A7 89 HF
AMEEe) U3 58 FAY CAP BF49d
& FAY A e JFzhE A b5 slope
Feg vpEa o) Mol uileE HEle 35
+& At

Al

Table 12] 271 0 2 A1 3] 4 3 Fhof] A| 549 74300 W
5 292 309 45l A2 oA 3704
LEde F3H5E2 CAP 49 52 CAP H7H]
e FHEIYMErel £4Y3 =2 A CAP
2890S Fqlsled 32T ol A 14417k vl 3t oh&-
spiderE A A3} 7} Hgel 0.1% TTCEY 5miE
A7bste] 253 do] F wrix] WA F o
S-S At AeHAGE ALSste] AT U
AN E ZA At

g =

CAPdl 9% AHA&ter} 718 +58 ¢5E5 A
walr] $isted S AAT Al BAsta e
FREA AL ZEFFU M. luteus ATCC 9341,
B. cereus ATCC 11778, B. subtillis ATCC 6633,
E. coli NIH], B. stereothermophilus ATCC 7953 %

Table 2. Minimum detectable level (MDL) of chlora-
mphenicol and  2,3,5-triphenyltetrazolium
chloride (TTC) color reaction in the micro-
biological assay with various microorgani-
sms

Test microorganism  MDL (ug/m/) TTC reaction*

B. cereus ATCC 11778 5.0 +++

B. subtilis ATCC 6633 25 +

B. stearothermophilus 5.0 -
ATCC 10149

B. stearothermophilus 5.0 -
ATCC 7953

E. coli NIH] 25 +

M. luteus ATCC 9341 1.25 +

*Color reaction of test microorganisms to 0.1% TTC so-

lution: —; no color, +; red color, +++; deep red

color.

B. stereothermophilus ATCC 10149 E 6% 3}
CAPel| tigh H2¥x=2 24319 v}, Table 20]
et ule} 7o)l M. luteus ATCC 9341¢] CAPel
W HAPEFES} 1.25 pg/miZ G2 AHFFl
ulsf b e A9 Jehdidch =3 o A
Hae TTC g4 23 B cereus®r} ozt 44
Hhe-S vehgiglod AlgFE] U AAd EAe]
folstsict

A1QF52 CAPo| w3t HEHEE $441917]
A wh e A8 AxY w544 F AHEEHE

Table 3. Synergistic effect of oxytetracycline in chlo-
ramphenicol assay procedure with M. luteus
ATCC 9341

Detection limits
of chloramphenicol

Concentration of oxytetr-
acycline (ug/mf)

(ng)

000 005 01 015
0.00 - - - -
0.10 - - - -
0.25 - - - 10.8*
0.50 - - 103 116
1.00 - 108 120 133
1.25 115 124 134 144
250 139 148 156 164
5.00 183 190 195 200

*Mean inhibition zone diameter of 12 replicates.
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Table 4. Sensitivity of M. luteus ATCC 9341 to chlo-
ramphenicol in the various assay media

Concentration of Cloramphenicol assay media

chloramphenicol

(ng) S-K* MH® AM#1 AM#2 AM#4
0.125 -4 - = - -
0.250 +o+ - + +
0.500 + o+ + + +

“Yeast extract 6.0g, glucose 1.0g and agar 150 g per
1L of distilled water. ® Mueller-Hinton Medium. ¢ Anti-
biotic Medium. ¢ No growth of assay organism. ¢ Growth
of assay organism.

Moo OTCE Hrlsle] A¥FFe e o
AEA oA Hege 4eads s
OTC F=& AdAstdrl Table 39 Jehd nls}
zro] CAP X4l OTCE AH71ebA) skohg o
CAPS HAEFE+ 125 pg/mioldwl b,
OTCE mi% 005ug ¥7}8}91& o 0.25ug CAP/
me ¥E7kx AEE F U ol AHE
Bob OTCEA mi% 0.151g9) FEE Hrbstde
o OTCE #Hrlshr] o4& 7$ol uls) <k 5u)e]

HAEA=E A= AnE Jehigin

A4 Ao & AlFFF9) CAPol dg A
£ %0l njA& L gt 93t Singer &
Katz?¥7} A}l-8-8}dwd S-K wix]9} Antibiotic %]
No. 1, No. 2, No. 4 % Mueller-Hinton ## &
5% A& wiAE A1g-sle] CAPY ko we}
M. luteus ATCC 9341 HF CAPY H&7w s
B3}l B}, Table 4 Wehd wis} zHo] Anti-
biotic }2] No 1& Alstne §2F 2le]r} a
A=A #gkor} Mueller-Hinton w27} o2& )
Aol wiste] A|FFe] GEHA NI} EsiA e}
3¢ 3AE sl

M. luteus ATCC 934191 tiZl CAP ¢)9j¢] t}&
A B4 5 HEEE golnr] 93l
471 OTC #7} 34 % Mueller-Hinton )%
Z7]el| A Penicillin G % 12%¢} 752 djs)
Aldde HAAAREFEE FAsladr)h. Table 50l
Utehid ubs} 7to] penicillin G 0.01 yg/mi o]}
°]%l.2.1, tetracycline#| &4E-3-2- 0.02~0.08 pg/
m/e|%ich. Macrolided] SYEA-L 0.16~2.5 pg/
miolgjes], Hola 9 aminoglycosided] &AEA

Table 5. Antimicrobial susceptilbility of M. luteus ATCC 9341 On Mueller-Hinton agar plate

Minimum detetable level (ug/mi)

Antimicrobial agents
0.01 0.02 0.04

0.08 0.16 0.31 0.63 1.25 2.5 50

B-lactams
Penicillin G
Aminoglycosides

<0.01

Gentamicin
Neomycin
Streptomycin
Macrolides
Erythromycin
Spiramycin
Tylosin
Tetracyclines
Chlortetracycline 0.02
Oxytetracycline
Tetracycline 0.02
Sulfonamides
Sulfamethazine
Sulfamonopyridazine

5.0
50
>50

0.16
25
0.63

0.08

>5.0
5.0
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Table 6. Minimum detectable level (MDL) of chlora-
mphenicol in milk and muscle tissues

MDL (ug/m/ or pg/g)

Test sample

Bovine milk 0.025
Bovine muscle 0.05
Swine muscle 0.05
Chicken muscle 0.05

£ 50 pg/ml olAtelith olel’t HH= Hol Ay
Fol i EojAd2 Auba]l 2 aminoglycoside |
FAEA sl of$ A Jebde o § sdsdh
Alg ¥ 9F F CAPY FHANHEF: o 3¢
< doliy] A Hay], A=), #ir] 3

foll dAdzke] CAPE Hrlsled AldslAdd ul,
Table 6, 7o viephd upel o] Af-ojA= 0.025
pg/mi, AFel A 005 pg/g7tA AHEE + AR
o, 7+ Alg¥ CAP9] 358 Uf 50.2~784%=
B 68.5%°1 1, 2] 37]= 56.4~T728% % F7 65.
1%0) itk =& AR 317+ 49.7~78.0% % B 63.
8%l o, F17]E 51.9~746%=2 HHF 594%
olglc}h. |3 olF A|&2| Fogol Wy HelA
T+ 1.8~15.1% #Hjolgich

n

St RAANHEA DA AETH F 5
HAES] DR ARHAINE A% F AR C

%

Table 7. Recoveries of chloramphenicol from milk and muscle tissues

CAP added Recovered (ug/g or pg/ml) Recovery rates (%)
(ug/g or ug/mi) CV* (%)
Average Range Average Range
Bovine milk
0.000 — — — — -
0.025 0.020 0.019~0.021 80.1 76.0~85.9 6.4
0.050 0.030 0.028~0.033 60.9 56.0~65.3 7.9
0.100 0.050 0.048~0.054 50.2 48.1~54.4 7.2
0.250 0.207 0.196~0.228 82.7 784~91.3 9.0
Bovine muscle
0.000 - - - - -
0.050 0.036 0.036~0.038 72.8 71.3~75.8 3.6
0.100 0.062 0.061~0.063 62.4 61.1~63.0 18
0.250 0.141 0.127~0.153 56.4 50.8~61.1 9.3
0.500 0.345 0.315~0.403 68.9 63.0~80.6 14.7
Swine muscle
0.000 - - - - -
0.050 0.039 0.037~0.042 78.0 732~844 5.5
0.100 0.074 0.071~0.078 74.1 71.2~775 43
0.250 0.124 0.113~0.142 49.7 45.3~56.8 45
0.500 0.266 0.214~0.311 53.2 42.8~62.2 15.1
Chicken muscle
0.000 - - - - -
0.050 0.037 0.035~0.043 74.6 69.1~85.7 12.8
0.100 0.055 0.054~0.056 54.6 54.0~55.7 1.8
0.250 0.141 0.127~0.158 56.5 50.8~63.0 109
0.500 0.260 0.246~0.279 519 49.2~55.7 6.5

*CV, the coefficients of variation.
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2o 2 E coli NIHJE o]43 w4 &3y
S Afestn 9ok 2t o] FARAY =
& 59 35 CAP FHAhge] ®atsle] oA 4&
2ol ol o] AlgHFo % Al§ F CAPY
HAARERE P & FHEAE 27 CAPY
o] Fol AMAE] QA el A% F CAPS
75 343 4 Ade Al HEFET)
& AlEHY el R AR el

oju] oz] JFAEL v|AEEFH WYL o] 4
3 AE Y SF F ATEAY AEPREE Fol7]
Al e AlgEFe FaEA g o]
wlsledol & #nl oz} wizle] F{ Y
2o dxje] uhe e &40 A 2 F
T THS 89Ee] HiHer x3g ol
-q}p}_l‘:_-_ 7).&_% 70].}—3}_1 alcl_-l4,22.26,27)

AlLS 2§ & CAPS vlAEsty 7y
AlQPL FF2¥ E coli, S. thermophilus, Bacilus
spp, M. luteus, Clostridium perfringens 2 8l F0]
ABEoll &3l Beneckea natriegens 5°] o]8-=o]
%E]-_A'12'14‘18'20'24'25'27)

A gFd 23 Alsd 42 CAPY FHAHPE
FE= S thermophilus® 73§ % o4 0.05~0.
Sppm FE=7Rl &F Jbestgoew, B subtilis
BGA2] 7ol T8ol|A CAPS HAAEFZ7]
10 ppm FFoldwl Zo g Hwg ul e}

NowsV= B. subtilis ATCC 66333} M. luteus
ATCC 9341& ©]£-3 Four Plate Method & 2]8-)
43151 7% CAPY 7&3t=7} 50 ppm °]]
o}, JEAH CAPol AHthAl=lo] <F 90%7HA]
82 wiZsl+= CAP glucuronideo B-glucuroni-
dase§ discoll Mzizte] A% =iz 8o HEshd
B84 e NG A HEREE B T
e wg AlAIRE B Qlck

Korsrud & Macneil®-2 7+ B. subtilis ATCC
66332} B. megaterium ATCC 98855 o]-8-3 STOP
Test (Swab Test on Premises) % CAST (Calf An-
tibiotic and Sulfa Test)E o]4-3let CAPE 23
As} 7tz 125ppm % 3lppme HEHAEE B
2 w9k ek

w3k C. perfringens\t B. natriegenss= ¥H =
CAPe HAAEF=7} 2ugml FEoIURD 2o
¥ shgie) o

X Jm

e

oo} zto] 78] wYF-Eo] CAPol dslA+=
HAEREL ol FAHE F AR CAPE 5% %
Fihe AAY AL AXA o3 9 PEIF}A 9
Hoz2 HEshe Ao deide B d7atEel
FAHq HalE Jehlddok webA McCracken ef
alPe FZ4v] 2 acetoned AHE3t] A& F 05
ppme] HEZTel 100%2] 3FE8 2 vAE
A up S ® sle] oo, 19853 Singer & Katz!?
2 M. luteus ATCC 9341-& ©]-8-31ed 254 0.10
ug/g, FelA 025 ug/ml FEAR A Thsd
n) A E-aty w2 wyslgdch g gl 9
A Agol Al 61.0~71.3%, $-FlAE 79.3%
o] <kugt AFAE hepHCh

o) Al M M. luteus ATCC 93418 n]F8}o]
632 A 3dFol thsted CAPol| g HAMHEF
T2 28w vl M luteus ATCC 93412] CAP
RFEAo dste] 1.25 yg/mi2 A o A E 5l
vls) 71 e AEAEE Vepgdch

=3k CAPo digt FEUEE X717 A%
yho @ Ag A (A F FEDACNAM AR
& Selshed AMH-she 4k 943 (pH 6.0)9)
OTC #HrFe%+ mitd 0.15ug SE7HA] A71sled e
Al 5g dAshe @bl ey mig
025 ugs CAPFZ7A] H%&o] 7l&dle] OTCE
A7bakx] ok W} viwsle] HEP=E of ou)
A7 a4 sdsdth

A& gl foll CAP ol9]o] a4 Ede] &
7€ A5 ATy Aedelt FEAANM AL
gk ZZ&8u) Q) ethyl acetateo)] thiF &a|x, 22)x
o AR 3L A 45 (pH 6.0)
o 9] BAE o wel CAP of 29| g4 EAd
ofgh FAubsg el 5 QUoh?

o] Agupyel AQWEANN M. luteus ATCC
9341l oig CAP o]ole] a4 49 HAHZE
F X+ penicillin G 0.01 ug/ml ©]3}, tetracycline
FAEA 002~0.08 uyg/ml, macrolided] &FAJEA
0.16~25 pg/ml, A3 2 aminoglycosideA 34
EA-AAE vl & Aoz byl

Singer & Katz'¥9] R 9J3lH 71&AH 3
Bl de] AME-Ee 459 FaEAH & oA
A1§e el ul, dihydrostreptomycing ethyl
acetated] 719] =3 ¢ton pH6.0d A A1¥F
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Foll diFF odAlge] wo] Hojxle Aol gl7)
dE g v mF 05ug FETFANE 327
AE 3t AASDZE AYPFFele 3T FA)
dovt TFEEE IR Aol ohd Wajaqe
2 234 F USE ARk Penicilling ethyl
acetateol] <7t o pHE0ME 4L #3
EE AYFFE FH3) JAY 5 2U7] Wl pe-
nicillinase2 H2lgo2s wslE AAL 4 gle
1, OTCX. ethyl acetated] tha =2 pH 6.00) 4
4% FAZlER gl By sste ubyol
s walE AAY 5 9l EF tylosinE ethyl
acetateol] I H3z| gtou} F21 sEAL wiAY
T Ho=2 pH6.09M o 70% H=rt 4L 4
A3 del wElE Hag ¢ gL Ao
A Al &)

o] AlgellA= CAP o|9j¢] FFEA disf F
&84 ethyl acetatedl] ti¥F S =1} Yo

AHERE M4 At k8o (pH6E.0)NAMY &
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