
Delphine Vincent 1, Aaron Elkins 1, Mark Condina 2, Vilnis Ezernieks 1, 

Nga Nguyen 1, Benjamin G Cocks 1 3, Simone Rochfort 1 3

1. DEDJTR, Biosciences Research Division, AgriBio, Bundoora, VIC, Australia

2. Bruker Pty Ltd, Preston, VIC, Australia

3. School of Applied Systems Biology, La Trobe University, Bundoora, VIC, Australia

ABSTRACT

Cow’s milk is a complex fluid whose proteome displays a 

diverse set of proteins of high abundance such as caseins 

(CNs) and medium to low abundance whey proteins such as 

beta-lactoglobulin (bLG), alpha-lactabumin (aLA), 

lactoferrin, immunoglobulins, glycoproteins, peptide 

hormones and enzymes. CNs represent 80% of cow’s milk 

proteins and possess important nutritional and functional 

properties, whilst bLG (largely unknown function) and aLA 

(involved in lactose biosynthesis) represents approximately 

10 and 4%, respectively. In addition, a variety of post-

translational modifications of these proteins introduces 

further complexity to the composition of the milk proteome. 

As genetic variants of CNs and whey proteins influence 

many properties of milk that are essential to the dairy 

industry, the development of robust analytical methods for 

the separation and quantification of variants of milk proteins 

within single protein fractions is of interest.

This work aims at establishing a robust LC-MS-based 

method to study intact major proteins from cow’s skim milk. 

The effects of column temperature, mobile phase 

composition, and gradient conditions were evaluated to 

improve protein separation prior to analysis using ESI-Qq-

TOF MS (data not shown). High resolution spectra 

subsequently allowed accurate mass determination and top-

down sequencing (TDS) of major proteins. This LC-MS 

workflow enables a high-throughput profiling of abundant 

proteins of cow’s milk with minimal sample preparation.

ANALYSIS OF MILK INTACT PROTEINS USING LC/MS

MATERIALS AND METHODS 

Sample preparation
The milk proteins standards (aCN C6780 70%pure, bCN 

C6905 98% pure, kCN C040670% pure, aLA type I 

L538585% pure, bLG L3908 90% pure, and BSA A7906 

98% pure) were purchased from Sigma. 10 or 5 mg of each 

standard was resuspended in 0.5mL milliQ H2O and 0.5mL 

Solubilisation Buffer (SB: 0.1M Bis-Tris buffer, 6M 

Guanidine-HCl, 5.37mM sodium citrate tribasic dihydrate, 

and 20mM DTT). Standards were vortexed for 1min and 

incubated at room temperature for 50min. Serial dilutions 

were performed in SB to assess LOD and LOQ.

Bulk milk aliquots from Jersey and Holstein cows were 

collected on farms in Victoria, Australia and were analysed 

in duplicates. Full cream milk was skimmed by 

centrifugation at 4500rpm for 30min at 4C. A 0.5mL aliquot 

of skim milk was diluted in 0.5mL SB. Milk samples were 

vortexed for 1min and incubated at room temperature for 

50min.  A 20uL of 50% acetic acid/H2O was added and 

homogenised to lower the pH.

HPLC separation
HPLC instrument: UHPLC Agilent 1290 Infinity Binary LC

Separation column: Phenomenex Aeris  3.6 µm 

WIDEPORE XB-C8 200 Å, LC Column 150 x 2.1 mm. RP 

core-shell silica.

Injection volume: 3μL

DAD signals: 214 and 280 nm

HPLC duration: 40min

Temperatures: 75C

Flow rates: 200μL/min

Mobile phases:  A: 0.02%TFA/0.1%FA/H2O; 

                          B: 0.02%TFA/0.1%FA/ACN

Solvent gradient: starting conditions 20%B, ramping to 

28%B in 2.5min, ramping to 40%B in 27.5min, ramping to 

99%B in 1min, isocratic at 99%B for 4min, ramping to 20%B 

in 0.1min, equilibration at 20%B for 9.9 min.

MS analysis
MS instrument: Bruker maXis classic ESI-Qq-TOF (40,000 

resolution) with ESI source

Ion polarity: positive

Capillary voltage: 4500V

Time segments: 2.5min (Na-formate infusion) + 37.5min 

(HPLC). 

Mass range: 600-3000 m/z with 15000 summations

Collision energy for MS/MS fragmentation (ISCID): 90eV

Post-processing: Bruker DataAnalysis (Maximum Entropy 

and SNAP algorithms for protein deconvolution) and 

SequenceEditor/Biotools (for TDS based on MS/MS data)

CONCLUSIONS

In this study, we were able to perform quantitative MS and MS/MS analyses of proteins from Sigma standards and 

cow’s milk samples. MS spectra were of high resolution and accurate protein masses were obtained, thus 

identifying milk protein isoforms. Top-down sequencing results achieved partial amino acid coverage of C- and N-

termini for protein isoform characterisation. This method will be applied in a high-throughput fashion to hundreds of 

milk samples in order to better understand the dynamic nature of the milk proteome, with potential applications for 

milk quality and processing (e.g. cheese, health).

RESULTS (3)

Top-Down Sequencing
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aS1CN amino acid sequence (Mature protein without peptide signal). In red are shown sequencing results.
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Figure 4: MS/MS analysis of 

aS1CN. (A) Fragmentation pattern. 

(B) Identified peptide sequence 

tags; a-ions are in green, b-ions 

are in red, and y-ions are in blue. 

(C) Amino acid sequence of aS1CN 

with identified peptide sequence 

tags highlighted in red.  

MS/MS fragmentation using in-source cell-

induced-collision (ISCID) was successfully 

obtained on standards, such as aCN (Fig. 4A) 

and milk proteins. Using a-, y-, and b-ion 

series, sequence tags were produced at both 

C- and N-termini using BioTools software of 

SNAP annotated spectra, as illustrated for 

aCN (Fig. 4B, C). 

RESULTS (1)

Ionisation, LOD and LOQ of milk protein standards

Figure 1: 

(A) Base Peak Chromatograms (BPCs) of milk 

standards at the same concentration (1mg/mL) vary  

in ionisation efficiency (aLA>bLG>aCN=bCN>kCN). 

(B) Serial dilution curves of milk standards show 

linear responses (R2>0.993) indicating that ionisation 

is not concentration-dependent.

The LC-MS analysis of milk protein 

standards showed little co-elution (Fig. 

1A). The ionisation efficiency varied 

across standards (Fig. 1A), yet it was 

not concentration-dependent (Fig. 1B). 

The limit of detection (LOD) ranged 

from 0.28 (bLG) to 1.35 (ACN) mg/mL 

and the limit of quantitation (LOQ) 

ranged from 0.86 (bLG) to 4.09 (aCN) 

mg/mL (Fig. 1B).
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BPC of protein standards
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RESULTS (2)

Deconvolution and quantitation of standards and milk proteins

Mass spectrum were isotopically resolved  (Fig. 2A) which allowed for accurate monoisotopic mass determination 

by deconvolution followed by SNAP annotation of the standards (Fig. 2A,B) and milk proteins. Each standards 

eluted several peaks (Fig. 3A) which were successfully deconvoluted into variants and quantified (Fig. 3B). Milk 

samples were reproducible and produce 14 peaks (Fig. 3C) whose abundance varied across breeds (Fig. 3D) .

Figure 2: Illustration of mass spectrum deconvolution to determine accurate 

mass on aLA (A) and aCN elution peaks (B).  Isotopic resolution was obtained 

for all the standards except for BSA (not shown). 

BPC and MS spectra of aCN standard
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Figure 3: Overlaid BPCs of protein standards (A) and table summarising their quantities 

and deconvoluted masses (B). Overlaid BPCs of milk sample duplicates (C). Protein 

quantitation is based on peak areas and shows variation across breed (D).
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Standard Peak 

#

RT 

[min]

Area Intensity S/N Max. 

m/z

Observed 

Average 

Mass

Theoretical 

Average 

Mass

Observed 

Monoisotopic 

Mass

Theoretical 

Monoisotopic 

Mass

Δ mass ID

aCN 1 7.48 136791 4604 52.1 870.897 25227.015 25228.312 25212.977 25213.343 0.367 aS2CN A

aCN 2 7.98 108967 3007 33.2 938.301 25308.007 25308.295 25292.957 25293.343 0.387 aS2CN A+1P

aCN 3 15.20 176712 9394 108.0 942.344 23533.286 23520.243 -

aCN 4 15.65 2010064 51802 601.3 984.932 23614.294 23614.685 23600.429 23600.472 0.043 aS1CN B

aCN 5 16.44 611913 17906 75.2 1031.197 23694.264 23694.668 23680.218 23680.472 0.254 aS1CN B+1P

bCN 1 6.61 167481 7147 22.7 1002.930 19036.583 19025.524 kCN A

bCN 2 8.57 159037 7902 25.0 1118.968 19004.618 18993.569 kCN B

bCN 3 19.11 476421 18201 59.1 1048.456 24091.297 24092.287 24077.247 24077.386 0.139 bCN B

bCN 4 20.57 2004618 54506 178.4 1001.940 24022.253 24023.177 24008.203 24008.317 0.114 bCN A1

bCN 5 21.70 4148764 79791 261.5 1043.719 23982.276 23983.153 23968.216 23968.311 0.095 bCN A2

bCN 6 23.51 203175 3893 11.9 983.861 48164.449 - -

kCN 1 5.77 382815 16133 50.4 955.066 11314.819 11308.799 -

kCN 2 6.52 1285882 44873 172.1 1002.972 19037.734 19038.315 19026.517 19026.542 0.025 kCN A

kCN 3 7.47 294608 10048 36.1 1074.712 16105.226 16096.108 -

kCN 4 8.53 1486543 42681 164.5 1001.299 19005.750 19006.360 18994.565 18994.589 0.024 kCN B

kCN 5 9.82 334147 10647 39.6 1072.556 16073.253 16064.145 -

aLA 1 16.20 3533.6 394 3.4 1083.603 14122.650 - -

aLA 2 17.34 1517537 41053 498.5 1014.279 14184.813 14186.060 14176.763 14176.798 0.035 aLA

aLA 3 18.75 37368.5 2232 13.8 0.000 14167.772 14158.755 -

bLG 1 21.58 28242 2014 20.1 1017.322 18296.480 18297.250 18286.360 18285.440 -0.920 bLG J

bLG 2 21.78 417689 16710 212.7 1016.593 18280.430 18281.210 18269.384 18269.409 0.025 bLG B

bLG 3 23.11 474983 16838 101.9 1021.388 18366.478 18367.300 18356.424 18355.446 -0.978 bLG A

BSA 1 19.49 - 992 - 696.853 66658.5239 67204.88 - - - BSA
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Holstein:  
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BPC of milk samples
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