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LC/CMS QUANTITATION OF CHLORAMPHENICOL  
IN MILK PRODUCTS

In this application note, we demonstrate a cost-effective UHPLC/CMS 
method for the analysis of chloramphenicol in milk with a detailed 
discussion of sensitivity, linear response range, carryover and robustness 
using the Advion expression Compact Mass Spectrometer (CMS) and 
Advion AVANT UHPLC System.



INTRODUCTION

Chloramphenicol (CAP) is a broad-spectrum 
antibiotic that is banned for use in food products of 
animal origin in the US and Europe. It is a known 
human carcinogen (group 2A)[1], which can cause 
genetic damage in human cells as well as irreversible 
damage to the blood-forming cells of the bone 
marrow[2].

However, in many food producing countries, chloramphenicol is still widely available and used in cattle, swine 
and poultry production. Safe consumption levels have not been established in food products, which causes 
more and more public health concern about this antibiotic in the food chain.

A sensitive analysis method is necessary to determine residue/contamination levels of chloramphenicol in food. 
Although an enzyme immunochemical test is available, chloramphenicol analysis in milk is usually performed 
by LC/MS because of its high selectivity and sensitivity. 

In this application note, we demonstrate a cost-effective UHPLC/CMS method for the analysis of chloramphenicol 
in milk with a detailed discussion of sensitivity, linear response range, carryover and robustness. 

METHODS

Experimental Setup
LC Conditions:
Solvent A: 0.05% ammonium 
hydroxide in water
Solvent B: 0.05% ammonium 
hydroxide in methanol
Flow Rate: 200 µL/min
Column: Waters BEH C18, 50 x 
2.1 mm, 1.7 u
Injection Volume: 25 µL

MS Conditions:
Ion Source: Negative ion ESI
Capillary Temperature: 250 ºC
Capillary Voltage: 120 V
Source Voltage Offset: 35 V
Source Voltage Span: 0 V
Gas Temperature: 350 ºC
ESI Voltage: 3000 V

Figure 1: Chemical structures of chloramphenicol and DL-threo-
Chloramphenicol-D5.
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Gradient:
Time 
(min)

B 
(%)

0.0 40

2.0 100

4.0 100

4.1 40

8.0 40

Scan Method: SIM
Mass 
(m/z)

Span 
(m/z)

Time 
(ms)

321 0.4 100

323 0.4 100

326 0.4 100

328 0.4 100

Sample Preparation
All HPLC-grade solvents, 
Chloramphenicol, and DL-
threo-Chloramphenicol-D5 were 
purchased from Millipore Sigma 
(St. Louis, MO). Milk products 
(organic milk, 2% milk, and 
smoothie yogurt) were purchased 
from a local grocery store.

1 mL milk was pipetted into a 1st 
15 mL polypropylene centrifuge 
tube and 25 µL of internal 
standard solution (CAP-D5 100 
ppb) was added and vortexed 
for about 20 seconds, followed 
by setting still for approximately 



Figure 2: Mass spectra of Chloramphenicol and Chloramphenicol-D5

Figure 4: UHPLC/CMS analysis of the milk control sample (smoothie yogurt)
showed no detectable CAP signal (compared to 5 ppb fortified sample) – this 
milk sample was used as matrix for further analysis. CAP was also not detected 
in organic milk sample and 2% milk sample.

Figure 3: Carryover was tested with known 10,000 ppb; followed by blank 
injection. No carryover was detected 1,000 times above the calibration range 
with the presented method. 

Figure 5: The linear dynamic range was evaluated with different fortified milk 
samples ranging from 0.25 to 10.0 ppb. With triplicate injections for each 
concentration level, the linear regression through all the concentration levels 
result in a R2 of 0.999 in the range of 0.25 to10 ppb demonstrating excellent 
linearity over 2 orders of magnitude.
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10 minutes. After adding 500 µL NaCl (3%) solution and 5 mL acetonitrile, the mixture was vortexed again at 
a medium speed for 30 seconds for protein precipitation. The sample was then centrifuged at 7000 rpm for 
20 minutes and the top layer was transferred to a 2nd 15 mL polypropylene centrifuge tube. The sample was 
evaporated using a Speed VAC Concentrator until a small amount of aqueous liquid was left in the 2nd tube. 
Adding 5 mL of ethyl acetate to the 2nd tube, followed by treatment mixing on a vortex mixer for another 20 
seconds, the organic layer was pipetted  into a 3rd 15 mL polypropylene centrifuge tube; the supernatant was 
evaporated to dryness under a gentle stream of nitrogen gas, and the residue was reconstituted in 200 µL of 
methanol:water (50:50, v/v). 25 µL of the reconstituted sample was injected into the UHPLC/CMS system for 
analysis.

RESULTS
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Chloramphenicol in Smoothie Yogurt

Type Samples Included Concentration
(ppb)

Calculated 
Concentration 

(ppb)
Accuracy (%) CV (%)

Cal 1 3/3 0.25 0.28 113.8 10.1

Cal 2 3/3 0.5 0.49 97.4 6.8

Cal 3 3/3 0.75 0.69 91.3 2.6

Cal 4 3/3 1 0.86 85.9 6.3

Cal 5 3/3 2.5 2.72 108.8 4.8

Cal 6 3/3 5 5.24 104.9 1.1

Cal 7 3/3 7.5 7.70 102.7 1.1

Cal 8 3/3 10 9.52 95.2 1.2

Figure 6: Lower limit of quantitation (LOQ) of Chloramphenicol in smoothie 
yogurt: 0.25 ppb. The lowest concentration level used was 0.25 ppb with a 
CV and accuracy of 10.1% and 113.8%, respectively. Signal-to-noise ratio at 
this level is 18.6 as shown. The LOQ can therefore be determined to be 0.25 
ppb in this method for milk. 

Table 1: The statistical summary of chloramphenicol analysis in milk with triplicate injections for each concentration level. Over the linear dynamic range of 0.25 to 
10 ppb, the accuracy is within ±15% and the precision (coefficient of variation) varies over the range 10.1 to 1.1%.
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SUMMARY

• A simple and cost-effective UHPLC/CMS 
method was evaluated for determining the 
concentration of chloramphenicol in milk 
products (smoothie yogurt, organic milk, and 
2% milk).

• No carryover was detected using this method.

• The linear response of the UHPLC/CMS 
method was demonstrated from 0.25 to 10 
ppb with an accuracy of ±15% with a precision 
(coefficient of variation) between 10.1% and 
1.1%.

• The lower limit of quantitation (LLOQ) for 
chloramphenicol in milk was determined to be 
0.25 ppb.

• The Advion expression CMS coupled to the 
Advion AVANT UHPLC is an effective tool for 
screening for chloramphenicol in milk products. 
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