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UHPLC/CMS ANALYSIS OF CASEIN PROTEINS IN MILK

In this application note, the Advion UHPLC/CMS system is used to 
analyze casein proteins in whole milk extract to separate and detect 
β-casein-B, -A1, and -A2, as well as K-casein and αs1-casein variants. 
This method is also suitable for a quick, relative quantitation of the 
β-casein-B, -A1, and -A2 variants in standards of β-casein.

Figure 1: Proteins of Bovine milk[1].
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β-CASEIN ANALYSIS

β-Casein-B

The charge envelope of β-casein-B is shown in 
Figure 3. A total of 8 multiply charged β-casein-B 
ions have been detected with a charge from 15+ to 
22+ as determined by charge deconvolution in Data 
Express. 

The uncharged mass of β-casein-B is determined 
to be 24,091, which is in good agreement with the 
theoretical value of 24,092[1].

Figure 3: Mass spectrum and uncharged mass of β-casein-B eluting at RT 
13.88 min.

Figure 2: Total ion current (TIC) of 0.01 mg/mL β-casein (β-CN, Sigma Aldrich C6905, 90% purity). Three β-casein variants (A1, A2, and B) are well separated. 
Their retention times are 13.88 min for β-CN-B, 14.24 min for β-CN-A1, and 14.72 for β-CN-A2.
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INSTRUMENT SETUP

MS Method: expression CMSL

Ion Source: Positive ESI
Capillary Temperature: 250 ºC
Capillary Voltage: 150 V
Source Voltage Offset: 25 V
Source Voltage Span: 5 V
Gas Temperature: 350 ºC
ESI Voltage: 4500 V

LC Method: AVANT UHPLC
Solvent A: 0.1% formic acid and 
0.03% TFA in water
Solvent B: 0.1% formic acid and 
0.03% TFA in acetonitrile
Flow Rate: 400 µL/min
Column: Thermo Fisher Scientific 
Hypersil Gold C18, 50x1 mm, 
1.9 µm
Injection Volume: 5 µL

Scan Method: 
Mass Range (m/z) Scan Time (ms)

800-1,800 1,000

Gradient:
Time (min) B (%)

0.0 52

20 65

20.1 100

25.0 100

25.1 52

30.0 52
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β-Casein-A1

The charge envelope of β-casein-A1 is shown in 
Figure 4. A total of 9 multiply charged β-casein-A1 
ions have been detected with charges from 15+ to 
23+ as determined by charge deconvolution in Data 
Express. 

The uncharged mass of β-casein-A1 is determined to 
be 24,023.2, which is in good agreement with the 
theoretical value of 24,023[1].

β-Casein-A2

From the charge envelope of β-casein-A2 shown in 
Figure 5, a total of 10 multiply charged β-casein-A2 
ions have been detected with charge states from 14+ 
to 23+. 

The deconvoluted uncharged mass of β-casein-A2 
is determined to be 23,983.3, again in good 
agreement with the reference value of 23,983[1].

The measured mass difference between β-casein-A2 
and β-casein-A1 is 39.9 Da, as suggested by 
theoretical calculation[1].

RELATIVE QUANTITATION OF β-CASEIN STANDARDS

The ‘Show Percent of Peak Area’ software feature 
in Data Express can quickly estimate the percent 
of three β-caseins in a standard sample. Based on 
the LC/CMS result shown in Figure 6, the β-casein 
standard includes one impurity at RT 16.2 min 
(11.9%) and 3 β-caseins (88.1%), which consists 
of 9.0 % of β-casein B, 26.1% of β-casein-A1 and 
45.3% of β-casein-A2. Total amount of the β-caseins 
is about 88.1%, which is close to the stated purity 
from the chemical provider (up to 90%).

Figure 4: Mass spectrum and uncharged mass of β-casein-A1 eluting at RT 
14.24 min.

Figure 5: Mass spectrum and uncharged mass of β-casein-A2 eluting at RT 
14.72 min.
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Figure 6: TIC percentage of β-casein variants (A1, A2, and B).
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REPLICATE INJECTIONS ANALYSIS

The peak areas for replicate injections were processed by Advion Quant Express software for β-casein-A1 and 
β-casein-A2. The RSD (%CV) of 9 replicates from an analytical standard of β-casein were determined to be 
6.54% for β-casein-A1and 9.4% for β-casein-A2.

Another replicate injection test from 5 injections of whole milk extract show an RSD of 13.88% for β-casein-A1 
and 4.29% for β-casein-A2.

WHOLE MILK ANALYSIS

Sample Preparation
For casein protein analysis and extraction from whole milk, an extraction solvent of 8 M urea, 165 mM TRIS, 
44 mM sodium citrate, and 0.3% (v/v) mercaptoethanol in water was prepared and 0.5 mL milk sample was 
mixed with 1 mL of this extraction solvent and vortexed for 10 min. The sample was then centrifuged for 10 min 
at 14000 rpm and the clear top layer was filtrated through a 0.45 u filter. The filtrate was diluted 10 times with 
0.5% ammonium hydroxide solution and used for LC/CMS analysis 

Two more casein variants (K-casein and αs1-casein) were detected in the milk extract besides the previous three 
β-caseins (A1, A2 and B, Figure 7).

Figure 11: XIC trace of 5 replicate injections of whole milk extract.
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Figure 10: XIC trace of 9 replicate injections of β-casein standard.
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Figure 7: TIC of whole milk extract.
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αs1-Casein in Whole Milk Extract

The charge envelope of  the αs1-casein includes 
a total of 10 multiply charged ions with a charge 
range from 15+ to 22+. 

The uncharged mass of αs1-casein is determined 
to be 23,614.3, which is in agreement with the 
reference value of 23,615[1].

K-Casein

The charge envelope of  the K-casein includes a total 
of 5 detected multiply charged ions with a charge 
range from 13+ to 17+.

The uncharged mass of K-casein is determined to 
be 19,036.4, which is also in agreement with the 
reference value of 19,037[1].

Figure 8: Mass spectrum and uncharged mass of αs1-casein eluting at RT 
13.45 min.

Figure 9: Mass spectrum and uncharged mass of K-casein eluting at RT 9.21 
min.
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SUMMARY

• The presented UHPLC/CMS method can detect all three β-casein variants (A1, A2, and B) as well as αs1-
casein and K-casein. 

•  β-casein-A1 and β-casein-A2 are well separated with methods ranging from 15-30 min runtime and 
detected in both β-casein standard and whole milk extract.

• Relative quantitation of β-casein can be easily calculated in Data Express with the ‘Percentage of Peak 
Area’ feature. This is useful to determine the ratio of the β-casein-A1 to A2 instantly.

• The deconvolution feature in Data Express helps to determine different casein variants and provides 
uncharged mass information from the full scan data (800-1,800 amu) within 2 Da accuracy.

• The UHPLC/CMS method shows good reproducibility, which is verified by replicate injections of β-casein 
with a CV ranging from 4% to 15%. 
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