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Determination of Chloramphenicol in Dried Skim Milk by LC-MS/MS
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An analytical method was developed to determine chloramphenicol levels in dried skim milk using

liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

After adding chloramphenicol-ds and 100 mL of methanol-1 % metaphosphoric acid solution (3:2
v/v), the sample was homogenized. The extract was filtered and the sample was diluted with
water to a final volume of 200 mL. Twenty mL of this solution was concentrated and purified
with a divinylbenzene—N-vinylpyrrolidone copolymer column (Oasis HLB from Waters; Milford,
MA, U.S.), and analyzed by LC-ESI-MS/MS. The LC separation was carried out with an ODS
column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies
Inc.; Santa Clara, CA, U.S.) using 10 mmol/L of ammonium formate solution-acetonitrile (7:3 v/v)
as the mobile phase. The MS/MS analysis was performed in the selected reaction monitoring
(SRM) mode.

Spike tests were conducted on four kinds of dried skim milk spiked with 1 or 25 pg/kg of
chloramphenicol and two kinds of dried skim milk spiked with 0.5 pg/kg of chloramphenicol.
The mean recoveries ranged from 93.8 to 102 % with relative standard deviations of repeatability

of not more than 12 %.

A collaborative study was conducted in 12 laboratories on two kinds of dried skim milk spiked
with chloramphenicol at 5 pg/kg. The mean recoveries of chloramphenicol ranged from 105 to
106 %, with repeatability and reproducibility in terms of relative standard deviations (RSD, and
RSDg) of 4.9 %, 9.9 %, respectively and Horwitz ratio (HorRat) of 0.79.

This method was validated and established for use in the inspection of dried skim milk for animal

feed for chloramphenicol.

Key words: chloramphenicol ; liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS) ; dried skim milk
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Chloramphenicol (CP)
2,2-dichloro-N-[(1R,2R)-1,3-dihydroxy-1-(4-
nitrophenyl)propan-2-yl]acetamide
C1 H,CLN,0s  MW: 323.13
CAS No.: 56-75-7
Fig. 1 Chemical structure of chloramphenicol
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1) CPiEHEIK
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CP-ds E#E 5% (Cambrige Isotope Laboratories ¢, 100 pg/mL 7 & k= b U LR, Ds
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1) LC-MS/MS :
LC #B : Agilent Technologies ! 1200 Series
MS B : Agilent Technologies B  Agilent 6410 Triple Quad LC/MS
2) BT VF AP — : Hsiangtai & HG-200 (ff I Ff[EIE5%% 10,000 rpm)
3) m—XYJ—x= KL —%—:BUCHI & R-200
4) VE=AXREBUy-—N-bE=tr ) FUOEESGEI=NT L (LT I3=0725) LW
9. ) : Waters 8 Oasis HLB (FECAAI&E : 60 mg, V¥ — 3 —% & : 3mL)
5 AT TUT7 4H—  HEEKR DISMIC-13HP  (fL£% 0.45 um, [E£ 13 mm, HAKME
PTFE)
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LC-MS/MS 2 X &

ABHAI K OV W B R VE R A HE 45 10 uL &2 LC-MS/MS (27 A L, Table 1 & T\ Table 2
DOWE S - TRIGUSKR (LLF ISRMJ 2 WH. ) 7ua~ 7T AxHGT-.

Table 1 Operating conditions of LC-MS/MS for analysing chloramphenicol

Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 um)

Mobile phase 10 mmol/L ammonium formate solution-acetonitrile (7:3)(1 min)—9 min—

(1:19) (10 min)—0.1 min—(7:3)(10 min)

Flow rate 0.18 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Nebulizer gas N, (340 kPa)

Drying gas temperature N, (350 °C)

Capillary voltage 4 kV
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Table 2 MS/MS Parameters

. Fragmentor  Collision
Precursor Product Qualifier &

Target ion voltage energy
(m/z) (m/z) (m/z) V) (eV)
Chloramphenicol 321 5 00 0
— 257 100 5
CP-ds 326 157 — 100 15
4) F# H

o7 SRM EIRFK el 7 a~ 7 Z A5 CP &Y CP-ds ® B — 7 [HfE % KD THIE
R LV BREREZIERL, BT CP E&FFEE L=,
R, EEEOMEE % Scheme 1 127 L7-.

Sample 5 g

——add 25 ng of internal standard

——add 100 mL of methanol-1 %metaphosphoric acid solution (3:2)
——homogenize for 1 min at 10,000 rpm

—— diatomite filtration with suction filter (No.5B)

——wash with 50 mL of water

——top up to 200 mL with water

——evaporate 20 mL of sample solution to the volume of about 10 mL under 40 °C
Oasis HLB

——prewash with 5 mL of methanol and 5 mL of water

— apply concentrated sample solution

——wash with 5 mL of water (twice), and furthermore 10 mL
—elute with 10 mL of methanol

—— evaporate to dryness under 40 °C

——dissolve in 1 mL of water-acetonitrile (7:3)

— filter with a menbrane filter (0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for chloramphenicol in dried skim milk
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ZOFERIT Table3 D LB TH Y, REMRIE TITEHEIER 147 KON 144 %, Z O UK
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Table 3  Recoveries of chloramphenicol by external and internal standard method

External standard Internal standard
Spiked level Kind of sample method method
(ng/kg) (Country of origin) Recovery”’  RSD,” Recovery”  RSD,”
(%) (%) (o) (%)
i Dried skim milk (NZ) 147 4.5 99.6 3.1
Dried skim milk (France) 144 1.8 102 1.0

a) Mean(n=3)
b) Relative standard deviation of repeatability

3.2 MEAMOIER
2.2 D )THE- THE L 72 EARER AR HER & 10 uL 2 LC-MS/MS IZHEA L, B o
SRM 7 -~ k7'F A CP LN CP-ds O B — 7 HffL & KO TREREIER LIZ. ZORE,
PRI Fig.2 DBV, CP & LTO0.1~20 ng/mL (7EAE L LT 1~200 pg) O#iPH CHEMRNEZ
~ L.

R?=0.9998

Peak area ratio of chloramphenicol / CP-dg

0 o5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

Relative concentration of chloramphenicol /CP-ds

Fig. 2  Calibration curve of chloramphenicol
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2.4 O DIZHE> THAEMFL CKIERFE) 2 OHiH U7ciitigkiz, CP & LT 10 ng #H4 &R
L, 2D D> TI= I T LB EIToT. AX ) —NVERERHBKE LTI =T L0L0D
KR E Y EZNENRTIE Y 7 A5 L. BT, KBV, SEHES T o CP &
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Table 4  Elution pattern from Oasis HLB

Water Methanol
Fraction volume (mL)
20 0~5 ~10
Area ratio of chloramphenicol (%) 0 100 0
Area ratio of CP-ds (%) 0 100 0

a) Ratio to area of methanol 0~5 mL
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BEBTOEC - OFERAEHE LIz, TOME, ERZHETLIE— IR Ehieroiz.
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Fig. 3  SRM chromatograms of standard and blank solution
LC-MS/MS conditions are shown in Table 1 and 2.
(Left)  Standard solution (The amount of chloramphenicol is 2 pg.)
(Right) Sample solution of dried skim milk (not spiked)
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Table 5 Recoveries of chloramphenicol from pseudo-contaminated dried skim milk

Dried skim milk Dried skim milk
Spiked (USA) (NZ)
level ) b) a) b)
(ng/ke) Recovery RSD, Recovery RSD,
(%) (%) (%) (%)
10 101 12 105 9.9

a) Mean (n=3)
b) Relative standard deviation of repeatability

3.6 IRANENEER
AVENZ X 2 AR Je ORI U NS JE 2 a3 2 7o 0 RN B GRIBR & St L 7.
HEHE%\" ZCP L LTENEIN L K25 ngkg Y EZIRM LIk 2 HVWT, KiEIZHE-> T
ROMT N2 M L, (R K OaR USRS FE & Bt L7z,
%@ﬁ;‘f‘% X Table 6 DL BV TH Y, CP OFHENTHEIL 94.2~102 %, E O LKEE X RSD,
ELT62%UTThHoTZ.
2B, WMENRBR TH 67 SRM 7 a~ 7 Z AD—fl% Fig. 4 (2~ L7-.

Table 6 Recoveries of chloramphenicol from spiked dried skim milk

. Dried skim milk Dried skim milk Dried skim milk Dried skim milk
Spiked (USA) (Canada) (NZ) (France)
level a) a) b) a) b) a) b)
(ng/kg) Recovery RSD,”  Recovery” RSD,” Recovery” RSD, Recovery” RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
25 95.4 2.7 95.2 34 99.4 5.8 96.4 1.2
1 94.2 6.2 98.7 3.7 99.6 3.1 102 1.0

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig.4 SRM chromatograms of chloramphenicol
LC-MS/MS conditions are shown in Table 1 and 2.
(Left)  Standard solution (The amount of chloramphenicol is 0.1 ng.)
(Right) Sample solution of dried skim milk spiked at 1 pg/kg
3.7 M TR

ARIEOKRHE TR (CP 1%, fAEHCEENTERLRWHEEWE TH D=, & FRMY O
WEZATO2REZ > TR TIREERT. ) 2ERT L7720, BUEHIIC CP 2RML, &N
EIGRBRIC LV DNDE—27 D SN N 10 L 72 5B E &2 RDT-.

BFoNiE—27 O SN N 10 L EE R DIREX 0.5 ugkg THHoT-.

B D=6, 2 FMHEOBATHFLIC CP & LT 0.5 pngkg MY EEZ RN L7ZREHZ W T, AL

W~ T 3 RPHT M & F2h L 7.

ZDFEFRIL Table 7D L FBY TH Y, 2 FIHD PG FLIZ IV THEHEIUERIT 99.3 KT 93.8 %,

MR URSEEIXRSD, & LTCTI3 KN 12% ThHh-o7=.

UEDFRERNS, RIEICKDBNEMALT O CP O TERIZ 0.5 ng/kg L HELE Sz,

Table 7  Recoveries of chloramphenicol at the level of limit of detection

Dried skim milk Dried skim milk
Spiked (USA) (France)
level > b) a) b)
(ng/ke) Recovery RSD, Recovery RSD,
(%) (%) (%) (%)
0.5 99.3 7.3 93.8 12

a) Mean (n=3)
b) Relative standard deviation of repeatability
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SR E 2 —, FMER X =R OFEEN Y 27— GF 12 3BR=) 2B\ T, KREICnit
a2 FZh L7z, fROMEN D72 12 MBREDO S 6, 1 REREIZBWTHRRDO HED RN

WO NI, YZHBREOREEITRFEEE LTHRA L. KD O 11 BRBREIZHOWT,
[UPAC O 71 b =x—L '"ZHEVy, Cochran Bi7E, AMLIE 1 fH D Grubbs HiE K& UM LIE 2 fH D
Grubbs fREZIT - 7oth, FHEULE, @K LUEE (RSD,) KO=EMEIEE (RSDp) ZHMHL
7-. B 547- RSDr 22 &, {&1E Horwitz 2.% H T HorRat Z R 7-.

fEH % Table 8 IZR L7z, FAREIZL Y WTHOREBHIBWTHANEE S DT —FITFR
D HNRNoT. BIEWE (75 v ZPE) 2oV T, FEHEINEIL 106 %, RSD, 1% 4.3 %,
RSDg 1% 7.2 %, HorRat (X 0.58 Th o7z, BIEHH (==2—T—TF 2 RpE) 2O\ T, FHEIR
#1X 105 %, RSD, 1% 4.9 %, RSDg (% 9.9 %, HorRat % 0.79 TH-7-.
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Table 8 Collaborative study for chloramphenicol

Dried skim milk Dried skim milk
Lab. No. (France) (NZ)
(ng/kg) (ng/kg)
1 4.77 5.54 5.34 5.49
2 4.96 5.09 4.99 5.05
3 5.90 5.79 5.69 4.99
4 5.32 543 5.93 6.30
5 5.22 5.26 4.99 5.21
6 5.59 5.55 5.58 5.36
7 5.14 5.15 5.15 5.18
8 4.73 4.63 4.71 4.55
9 5.08 4.75 5.24 4.97
10 5.80 5.22 4.76 4.04
11 5.74 5.53 5.95 5.66
Spiked level (ug/kg) 5 5
Mean value ¥ (ng/kg) 5.28 5.23
Recovery 2) (%) 106 105
RSD,” (%) 43 4.9
RSD; © (%) 7.2 9.9
PRSDg ¥ (%) 12 12
HorRat 0.58 0.79
a) n=22
b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 9  Instruments used in the collaborative study

Lab. No. LC-MS/MS _ LCcolumn
(i.d.xlength, particle size)
Agilent Technologies
1 Waters Quattro premier XE ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1200 Series Agilent Technologies
2 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)
Agilent Technologies
3 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
5 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
LC: Shimadzu LC-20AD Shimadzu
6 MS/MS: AB SCIEX Shim-pack XR-ODS
API-3200 (2.0 mmx100 mm, 2.2 pm)
LC: Shimadzu UFLC XR GL Sciences
7 MS/MS: Thermo Fisher Inertsil ODS-3
TSQ Quantum Ultra (2.1 mmx150 mm, 4 pm)
LC: Agilent Technologies 1200 Series Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1200 Series Agilent Technologies
9 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1100 Series Agilent Technologies
10 MS/MS: AB SCIEX ZORBAX Eclipse XDB-C18
API-2000 (2.1 mmx150 mm, 5 pm)
LC: Waters ACQUITY UPLC H-Class Waters
11 MS/MS: Waters SunFire C18
Xevo TQD (2.1 mmx150 mm, 3.5 pm)
4 FEO

AR L @ CP 12D\ T, LC-MS/MS % 7= E BEiE DO R AT B~ D3 H O /[ 12D\ T

et L& 2 A, WOENELI, EHANAERTHI EBEX LN,

1) ARIEFRERNMAEER CP 2 HWNEEERICL2EEEHMA L. £, RERIT 0.1~20
ng/mL (JEA&EE LT 1~200 pg) O#HIPH TEMRMEE R L7z,

2) WifE#MIL 9 HEMW, KBt Tz u~ b7 I L& LIZEZ A, CP ODEREYE
THE—ZITRO NIRRT

3) BRI SRE 2 W BIGGABR O KR, BAFREINR L OHITEENG AT Z &2
B, REFPITHERAB~OBEANAIRESZ DT,

4) AFEEOBAEMILAEHNT, CP & LT 1 K25 pngkg Y EIRIML, WMEIIGRER % S L
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ToRESR, SEHENEIL 94.2~102 %, Z OMOR UG I AEER 2 (RSD,) & LT 6.2 %L FD
AR DF B AT

5) AREIZLD CP ORI FIRIE, #EHTO0.5ugke THoTz.

6) WIEWIH (77 AERN=a—Y—F 2 NpE) |2 CP & LT 5 pgkg Y EZ RN L 7238k
ZHWT, 12 #BBR=E (96 | BBREIFIEZ RN L7272 DRI I2B W TRIEIZIEV LR
BFEM L. O, 7T ZAEMRIEMILICOWT, FEHEILEIL 106 %, RSD, 1 4.3 %,
RSDg (% 7.2 %, HorRat (X 0.58 ThHo7z. ==2—T—F v REMEBILICOWT, FEHEILE L
105 %, RSD, (X 4.9 %, RSDgI% 9.9 %, HorRat (X 0.79 T > 7-.
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RPN L T2 IO 72 i RS R NS AR IERT, BAD 4+ — &% — AR th, BN
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