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Determination of Chloramphenicol in Feeds by LC-MS/MS

Katsumi YAMAMOTO" and Shinji OSHIMA"

(*Food and Agricultural Materials Inspection Center, Sendai Regional Center)

An analytical method for determination of chloramphenicol in feed using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS) was
developed.  Chloramphenicol was extracted with methanol-1 % metaphosphoric acid solution
(3:2).  The extract was filtered and topped up to 200 mL with water. 20 mL of the sample
solution was concentrated and purified with divinylbenzene-N-vinylpyrrolidone copolymer
column (Waters, Oasis HLB) and neutral alumina column (Waters, Sep-Pak Plus Alumina N), and
analyzed by LC-ESI-MS/MS. The LC separation was carried out on an ODS column
(Shimadzu, Shim-pack XR-ODS II, 2.0 mm i.d.x150 mm, 2.2 um) using gradient with 10 mmol/L
ammonium formate solution-acetonitrile as a mobile phase. = The determination was performed
in selected reaction monitoring (SRM) mode. A recovery test was conducted with fish meal and
three kinds of formula feed spiked with chloramphenicol at 5 and 25 pg/kg. The mean
recoveries were 93.5~101 % and relative standard deviations (RSD) were within 12 %. A
collaborative study was conducted in eight laboratories using a fish meal and a formula feed
spiked with chloramphenicol at 5 pg/kg.  For the fish meal, the mean quantitative value was
5.19 pg/kg (104 %), repeatability and reproducibility in terms of relative standard deviations
(RSD, and RSDy) were 4.8 and 5.6 %, respectively, and HorRat was 0.25.  For the formula feed,
these respective values were 5.21 pg/kg (104 %), 4.5 %, 5.5 % and 0.25.
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Ci1H{,CLN,Os  MW:323.1  CAS No.: 56-75-7

Fig.1  Chemical structure of chloramphenicol
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Table 1  Compositions of the formula feeds used in this study

Formula feed Ingredient Proportion

Ingredients
types types (%)
For broiler starting ~ Grains 61 Corn, Polished rice
chick Oil meal 27 Soybean meal, Rapeseed meal
Animal by-products 6 Fish meal, Chicken meal, Feather meal
Others 6 Animal fat, Calcium carbonate, Calcium phosphate
Salt, Vermiculite, Yucca extract, Feed additives
For suckling pig Grains 65 Corn, Milo
Oil meal 22 Soybean meal, Rapeseed meal
Animal by-products 8 Fish meal, Dried skimmilk, Dried whey
Others 5 Animal fat, Bakery waste, Calcium carbonate

Calcium phosphate, Salt, Feed yeast, Feed additives

For silver salmon Animal by-products 49 Fish meal
Grains 22 Wheat flour, Starch
Oil meal 5 Corn gluten meal, Soybean meal
Others 24 Animal fat, Vegetable oil, Calcium phosphate

Striped bamboo, Feed additives
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Table 2 Operating conditions for LC-MS/MS for analysing chloramphenicol
Column Shimadzu, Shim-pack XR-ODS II (2.0 mm i.d.x150 mm, 2.2 pm)
Mobile phase A: 10 mmol/L ammonium formate solution B: acetonitrile

B 30 v/v%(1 min)—9 min—95 v/v%(10 min)—0.1 min—30 v/v%(10 min)
Flow rate 0.18 mL/min
Column temp. 40 °C
Injection volume 10 pL
Ionization Electrospray ionization (ESI)
Mode Negative
Nebulizer gas N, (600 L/h)
Cone gas N, (50 L/h)
Cone voltage 25V
Capillary voltage 1 kV
Collision energy 20 eV
Source temp. 120 °C

Monitor ion

m/z 321 -> 152 (for determination of chloramphenicol)
m/z 321 -> 257 (for confirmation of chloramphenicol)
m/z 326 -=> 157 (for detemination of chloramphenicol-ds)
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Sample 10.0 g
— add 50 ng of internal standard
—add 100 mL of methanol-1 % metaphosphoric acid solution(3:2)
— shake for 30 minutes
— filtrate through the glass fiber filter (GF/A)
— wash with 50 mL of water
— top up to 200 mL with water
20 mL of sample solution
|—evaporate to the volume of 10 mL under 40 °C
Oasis HLB
— prewash with 5 mL of methanol and 5 mL of water

— apply sample solution

— wash flask with 10 mL of water and apply washed solution twice
— wash column with 4 mL of water-methanol (4:1)

— dehydrate column for 10 minutes under the reduced pressure by using the manifold
— elute with 10 mL of acetonitrile

Sep-Pak Plus Alumina N

— prewash with 5 mL of acetonitrile

— apply sample solution

— wash with 5 mL of acetonitrile

— elute with 40 mL of acetonitrile-water (19:1)

— evaporate to dryness under 40 °C

— dissolve in 2 mL of water-acetonitrile (7:3)

— centrifuge for 5 min at 5,000xg

LC-MS/MS

Scheme 1  Analytical procedure for chloramphenicol
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Fig. 2  Calibration curve of chloramphenicol
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(upper: chloramphenicol for determination lower: chloramphenicol for confirmation)
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Table3  Recovery test for chloramphenicol

(%)
Spiked Fish meal Formula feed for Formula feed for Formula feed for
level broiler starting chick suckling pig silver salmon
(ngkg) Recovery” RSD Recovery” RSD” Recovery” RSD” Recovery’ RSD
25 984 (47 101 ( 1.6) 99.0 (5.5 935 (49
5 99.9  ( 6.6) 942 (12 ) 101 (2.1 97.7 (3.9

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)



PO nZ AT c=a— VoK n~ N5 T8 T DR RSHENT & 5 E R 63

(A) @

c

: -

3 ; chloramphenicol

= }

>

=

7

c

3

c

- 1 1 1 1 1 1 1 1 | AR 1 1 U 1 I 1 1
2 4 6 8 10

]

= ‘ chloramphenicol-ds

=

e}

[

S

>

=

)

c

9

c

—_ T SRR RARRRLARAE LRSI T IRARAN RARES URARE RRRANRARES RERRE LLRRE LRARE RARLE RAREE!
2 4 6 8 10

Retention Time/ min
(B)

2 ‘chloramphenicol

= —

=

8

S

<

s ]

=

7]

c

3

E I I I 1 1 1 1 1 1 L R 1 1 1 I 1 I 1 1
2 4 6 8 10

2 § cni henicol-d

= chloramphenicol-ds

=

el

[

<

>

=

7

c

E)

£

Retention Time/ min

Fig. 4 SRM chromatograms of standard solution and sample solution
(A) Standard solution (The amount of chloramphenicol is 20 pg)
(B) Sample solution (Formula feed for suckling pig spiked with 5 pg/kg of chloramphenicol)
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Table 4 Recovery test at the concentration of detection limit for chloramphenicol

(%)
Spiked level Fish meal Formula feed for silver salmon
(ng/kg) Recovery” RSD ” Recovery” RSD ”

2 107 (94 89.6 (12)
a) Mean recovery (n=3)

b) Relative standard deviation (RSD)
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Table 5  Collaborative study results of chloramphenicol

(ng/kg)
Sample
Lab. No. . Formula feed for broiler starting
Fish meal .
chick
1 4.65 5.06 5.49 5.00
2 5.72 5.77 5.27 5.31
3 5.11 5.21 4.87 5.20
4 4.85 4.96 4.90 5.42
5 5.48 5.87 5.70 6.18
6 5.09 4.82 4.86 4.92
7 5.01 5.02 4.74 4.68
8 4.85 5.62 5.46 5.36
Spiked level 5 5
Mean value” 5.19 5.21
Recovery (%) 104 104
RSD, ” (%) 4.8 4.5
RSDR? (%) 5.6 5.5
PRSDg ¥ (%) 22 22
HorRat 0.25 0.25

a) n=16
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

Table 6 Instruments used in the collaborative study

Lab. No. LC-MS/MS , Column
(i.d.xlength, particle size)
Shimadzu, Shim-pack XR-ODS II
1 Waters, Quattro Micro API Mass Analyzer faczy, Shim-pac
(2.0 mmx150 mm, 2.2 pm)
Shimadzu, Shim-pack XR-ODS II
2 Waters, Quattro Micro API Mass Analyzer fraczy, Shim-pac
(2.0 mmx150 mm, 2.2 pm)
GL Sci ODS-III
3 Waters, Quattro Micro API Mass Analyzer clences,
(2.1 mmx120 mm, 5 pm)
Agilent Technologies, ZORBAX Eclipse XDB-C18
4 Agilent Technologies, 6410 Triple Quad LC/MS glienl Tecnoogles, pse
(2.1 mmx150 mm, 5 pm)
5 Waters, Quattro Micro API Mass Analyzer GL Sciences, ODS-1II
(2.1 mmx120 mm, 4 pm)
hi him-pack XR-ODS II
6 Waters, Quattro Premier Shimadzu, Shim-pac ODbS
(2.0 mmx120 mm, 2.2 pm)
Shimadzu, Shim-pack XR-ODS
7 Applied Biosystems, AP1-3200 fhadzy, Sum-pac
(2.0 mmx100 mm, 2.2 pm)
Shimadzu, Shim-pack XR-ODS 1II
8 Agilent Technologies, 6410 Triple Quad LC/MS Tiagzn, SHH-pas

(3.0 mmx120 mm, 2.2 pm)
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