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Abstract
The development of novel methods to estimate the number of protein genetic variants of caseins (CN)
and whey proteins in buffalo’s milk is necessary to optimize the technological and nutritional properties
of dairy derivative products from this species. The literature has shown that buffalo’s milk CN and whey
proteins can be successfully quantified using RP-HPLC-DAD. However, pure standards of genetic variants
of CN and whey proteins in buffalo’s milk are not commercially available. This condition makes
necessary their isolation and purification by preparative chromatography, which is difficult and requires
specialized equipment. Thus, we proposed a protocol to quantify different casein genetic variants and
major whey proteins in the milk of water buffaloes, using the combination of measurements derived from
RP-HPLC-DAD and NIRS techniques. Our data showed estimates of casein variants and whey proteins
similar to those reported by the classical method RP-HPLC-DAD that uses purified proteins and calibration
curves.

Introduction
The protein genetic variants of caseins (CN) and whey proteins in the milk of ruminants are known for
their differential influence on the technological and nutritional properties of dairy derivative products (Fox
and McSweeney, 2003). Therefore, it is necessary to identify and quantify them efficiently in the milk of
different ruminants’ species. Among ruminants, buffalo has gained worldwide special attention recently,
due to its ability to adapt to different geographical conditions, as well as the broad variety of dairy
products that can be manufactured from its milk (Oliveira et al., 2020; Lima et al., 2021). In addition,
buffalo’s milk has shown beneficial effects on human health, compared to bovine milk due to its
chemical composition (Patiño et al., 2012), which has increased the demands of this product for human
consumption.
The aforementioned facts have stimulated the development of accurate methods for buffalo’s milk
protein determination and characterization, in which, Liquid Chromatography coupled to Mass
Spectrometry (LC-MS; Feligini et al., 2009) and Reverse Phase – High Performance Liquid
Chromatography coupled to Diode Array Detector (RP-HPLC-DAD; Bonfatti et al., 2013) have shown
satisfactory results. However, Mass Spectrometry detector is unavailable in most analytical laboratories
due to its high costs. Additionally, protein quantification solely using RP-HPLC-DAD requires pure
standards, which in the case of buffalo’s milk are not commercially available (Bonfatti et al., 2013).
Hence, for quantification using calibration curves, these standards need to be isolated and purified from
buffalo’s milk by preparative liquid chromatography (Bonfatti et al., 2013), a complex method that
requires specialized steps and equipment not commonly available in routine analytical laboratories.
The use of near-infrared spectroscopy (NIRS) technique to determine the composition of
ruminant’s milk (Melfsen et al., 2012) has increased recently, because this method provides rapid
estimations of milk composition to take fast decisions in the dairy industry (Yakubu et al., 2020). In a
typical report of milk chemical analysis by NIRS, the total protein and casein contents can be accurately
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determined (Tsenkova et al., 2000). Hence, this technique may be easily associated with other analytical
techniques to improve the understanding of ruminants’ milk protein composition.
Total protein in buffalo’s milk consists of around 20% whey proteins with major components αlactalbumin (α-LA), β-lactoglobulin (β-LG), and 80% caseins divided into major sub-classes α- (αS1- and
αS2-), β-, and κ-casein (-CN), which are arranged in micelles (Swaisgood, 1982). Considering that RPHPLC-DAD provides accurate estimates of the proportions of casein variants and whey proteins, as well
as NIRS provides an accurate value of total protein and casein contents, the combination of both
techniques may enable an easier analysis of buffalo’s milk protein fractions than that using only RPHPLC-DAD, overcoming the aforementioned technical limitations regarding the solely use of this
technique. Thus, we developed a method to quantify different casein genetic variants and major whey
proteins in the milk of water buffaloes, using the combination of RP-HPLC-DAD and NIRS techniques.

Reagents
Solutions for protein extraction

Solution A: This solution (pH = 7.0) contains BisTris buffer (lot B-9754, purity > 98%, Sigma Aldrich, St.
Louis, MO, USA) at 0.1 M concentration, guanidine hydrochloride (lot G-4505. Purity > 99%, Sigma Aldrich)
at 6 M concentration, sodium citrate (Sigma Aldrich) at 5.37 mM concentration, and dl-dithiothreitol (lot
43817, purity > 98%, Sigma Aldrich) at 19.5 mM concentration.
Note: Prepare this solution daily.

Solution B: this solution contains guanidine hydrochloride (lot G-4505. Purity > 99%, Sigma Aldrich) at 4.5
M concentration. The solvent of this solution is a mixture composed of acetonitrile (HPLC grade): MilliQ
water: trifluoroacetic acid (TFA, Sigma Aldrich) in 100:900:1 (v:v:v) ratio.
Notes: 1) handle the TFA with extreme caution. 2) Use a safety cabinet to prepare this solution.
Mobile phases for HPLC

Mobile phase A: prepare a 0.1% v/v TFA solution in MilliQ water.
Mobile phase B: prepare a 0.1% v/v TFA solution in acetonitrile (HPLC grade).

Equipment
Laboratory equipment
- HPLC equipped with C8 guard-column, C8 column, oven, autosampler with liquid refrigerator (minimum:
4 °C), and diode array detector (DAD).
- Centrifuge (reaching at least 14,000 x g).
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- Freezer (minimum temperature of −20 °C).
- Vortex.
- Analytical Balance.
Materials
- Eppendorf ® 2.2 mL Safe-Lock tubes (two per sample).
- Eppendorf tube rack.
- Volumetric flasks.
- Automatic pipettes and tips.
- Vials, caps, and septa for chromatography (one set per sample).
- Microspatula.

Procedure
Extraction of protein variants
1. On the day of the analysis, if the samples were frozen, thaw these at room temperature (25 °C).
2. Take a 1 ml aliquot of milk and transfer it to a 2.2 mL Eppendorf tube using an automatic pipet.
3. Add 1 mL of solution A to the 2.2 mL Eppendorf tube containing the milk sample (1:1 - sample:
solution A).
4. Shake each mixture in a vortex for 10 s at medium speed.
5. Incubate the mixture at room temperature (25 °C) for 1 h.
Note: you can climate the room (25 °C) in which incubation is running by using an air conditioning unit.
Standardization of the incubation conditions contributes to low variations across different processing
days.
6. Centrifuge at 14200 x g for 5 min.
7. An upper fat layer is formed after centrifugation. Then, carefully remove it using a micro-spatula.
8. Take 450 μl of the supernatant and transfer it to a new 2.2 mL Eppendorf tube. To this same tube, add
1350 μl of solution B (1:3 - supernadant: solution B).
9. Transfer 1 mL of the mixture to a vial for HPLC analysis.
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10. Analyze the samples by RP-HPLC-DAD. Note: storage the samples under refrigeration at 4 °C until
analysis.
Chromatographic analysis (conditions)
- Column temperature: 45 °C.
- Injection volume: 5 µL.
- Stationary phase: Hypersil GOLD C8 column (3 µm, 150 x 4.6 mm) equipped with Hypersil GOLD C8
guard column (5 µm, 10 mm).
- Working wavelength: 214 nm.
- Mode: gradient, constant flow: 0.500 mL/min (see the elution gradient in table 1, supplementary files).
NIRS analysis
Determine the total protein and casein contents in g/100 g milk in the sample using a NIRS equipment.
Additionally, determine the milk sample density.
Calculations
1. Determine the peak area for each protein in the chromatogram, including caseins (κ-CN X2, αs2-CN, κCN X1, αs1-CN B, αs1-CN A, and βγ-CN) and whey proteins (α-La and β-Lg) variants (Figure 1). Take in
main that some casein variants could be absent in the sample.
2. For calculation of the quantities of casein variants (κ-CN X2, αs2-CN, κ-CN X1, αs1-CN B, αs1-CN A, and
βγ-CN), use the following procedure (use the supplementary material as well):
a. Calculate the total area of casein variant peaks (sum of peak areas).
b. Calculate the proportion of each casein variant according to the following equation:
Proportion of casein variant = Peak area of casein variant/sum of peak areas of casein variants
c. Calculate the concentration of each casein variant in g/100 g milk:
Concentration of casein variant (g/100 g milk) = Casein content (g/100 g milk) x Proportion of casein
variant
d. Optional: calculation of the concentration of casein variant in g/L milk:
Concentration of casein variant (g/L milk) = (Concentration of casein variant (g/100 g milk)) * (milk
density (g/mL)) * 10
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3. For calculation of the quantities of whey proteins variants (α-La and β-Lg), use the following procedure
(use the supplementary material as well):
a. Calculate the total area of whey proteins variants (sum of peak areas).
b. Calculate the proportion of each whey protein variant according to the following equation:
Proportion of whey protein variant = Peak area of whey protein variant/sum of peak areas of whey
proteins
c. Calculation of total whey protein: assuming that total milk protein = casein + whey protein, then:
Whey protein content (g/100 g milk) = total milk protein (g/100 g milk) – casein (g/100 g milk).
d. Calculate the concentration of each whey protein variant in g/100 g milk:
Concentration of whey protein variant (g/100 g milk) = Whey protein content (g/100 g milk) x Proportion
of whey protein variant
e. Optional: calculation of the concentration of whey protein variants in g/L milk:
Concentration of whey protein variant (g/L milk) = (Concentration of whey protein variant (g/100 g milk))
* (milk density (g/mL)) * 10

Troubleshooting
1. Take special care with homogenous sampling. In some cases, when milk was storage for long periods
or milk is thawed-frozen, it tends to form solid particulate materials. If particulate material is formed,
shake the milk’s container vigorously to take a representative sample. Otherwise, discard the sample.
2. The equilibrium program before each sample run, is strictly necessary to get a successfully milk protein
separation. Check the flow maximum limits of your column before use.
3. If your HPLC equipment does not contain an autosampler module with liquid refrigerator, you can use a
conventional refrigerator instead, and inject samples manually. The processed samples must keep
storage at 4 °C.

Time Taken
- Solutions and material preparation: 30 min
- The extraction of protein variants: a batch of 24 samples: 101 min.
- The total time of the chromatographic analysis (per sample): 53 min (13 min of equilibrium + 40 min of
chromatographic run).
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- NIRS analysis: 5 min.

Anticipated Results
See figures section for more details.
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Chromatogram profiles of buffaloes’ milk of different water buffaloes (a, b, c, and d). Consider that not all
casein variants are expressed along the milk of different animals.
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