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Abstract
Milk protein is often fractionated/concentrated by using various techniques in dairy 
industries. Among these techniques, ultrafiltration (UF) is particularly efficient at concen-
trating the casein fraction of milk protein. The objectives of this study were to produce 
casein hydrolysates by concentrating the casein fraction in skim milk using the UF 
technique and to investigate the chemical composition of the casein hydrolysates. The skim 
milk was concentrated using a UF laboratory test unit equipped with 10 kDa and 30 kDa 
membranes. After UF, the protein content of the milk was concentrated up to ∼7.2% and 
the Ca was concentrated up to ∼196 mg/100 g of milk. Trypsin was then added to the 
concentrated skim milk to produce the casein hydrolysates. The results of sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis showed that the casein fraction was not 
present after hydrolysis, indicating that casein in the milk had been hydrolyzed. The Ca 
content in the casein hydrolysates was much higher (p<0.05) compared to Ca content in 
commercial casein phosphopeptides (CPP) indicating that was acidified during the manu-
facture of commercial CPP. In conclusion, it seems that casein hydrolysates containing 
large concentrations of protein and Ca can also be made from concentrated UF milk 
without acidification or renneting.
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Introduction

Bovine milk contains about 3.4% of protein of which ∼80% is casein and ∼20% is 

whey protein [1]. Casein hydrolysates, such as casein phosphopeptides (CPP), are com-

mercially available to be used as a micronutrient supplement in a variety of functional 

foods, dietary supplements, and infant formula. CPP can promote the absorption and 

utilization of trace elements such as calcium, iron, and zinc, mainly because of its three 

serine phosphate clusters and two glutamic acid residues [2].

Ultrafiltration (UF) is a membrane filtration process that separates components based 

on molecular weights. Based on the pore size of the membrane, relatively higher mole-

cular weight materials, such as protein and fat are retained and relatively lower mole-

cular weight material such as lactose, minerals, other solutes, and water are permeated, 

respectively [3]. Commercial casein hydrolysates, such as CPP, are usually produced by 

enzymatic treatment of acid-precipitated or renneted milk, along with precipitation with 

barium or calcium ions following the removal of the bitter peptides with active carbon 

[4]. During this process, milk casein can be chemically modified with acidification. CPP 
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prepared from unmodified casein micelles can contain higher amount of calcium as Ca 

is easily dissolved daring acidification of milk [5]. 

In South Korea, the uses of milk protein powders in a variety of food products such 

as infant and toddler formula, nutritional supplements for adults and sports products 

have been dramatically increased recently. According to the Food Information Statistics 

System (aT FIS), the proportion of powdery forms of milk used in 2021 was 33% for skim 

milk powder and 17% for whole milk powder, respectively. However, most milk protein 

powders used in South Korea are mostly from overseas despites of excess production 

of domestic bovine milk [6]. Therefore, the objectives of this study were to produce the 

casein hydrolysates from concentrated domestic skim milk using UF techniques without 

acidification or renneting of milk and to investigate the chemical properties of casein 

hydrolysates from ultrafiltered milk. 

Materials and Methods

1. Preparation of concentrated milk with ultrafiltration (UF)

To obtain concentrated milk, 5 L of sterilized non-fat milk (Maeil Dairies, Korea) was 

concentrated using an UF Lab test unit (Pure-Envitech, Korea; Fig. 1) using membrane 

of 10 kDa and 30 kDa. The flow rate was kept constant from 1.45 to 1.6 m/s and 

concentration was performed in time (hr) and volume concentration factor (VCF) units. 

VCF was calculated by following equation (1):

Volume Concentration Factor 

(VCF)
=

Amount of total feed

Amount of total feed – Amount of permeate (1)

2. Composition of concentrated milk with ultrafiltration (UF) and casein hydrolysates

The measure of solutions with a larger molecular weight than each membrane was 

measured as retentates, and solutions with a smaller molecular weight than each mem-

branes was measured as permeates [7]. The moisture content of samples was measured 

Fig. 1. Ultrafiltration lab test unit set up.
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by preheating at 80℃ and drying at 105℃ using oven drying method. The protein, fat, 

lactose, and calcium of samples were measured by International dairy federation methods.

3. Preparation of casein hydrolysates

Casein hydrolysates were obtained through digestion of concentrated skim milk with 

trypsin. After separating non-fat sterilized milk with 10 kDa and 30 kDa membranes 

(i.e., 10 kDa retentate and 30 kDa retentate), 0.01% (w/w) trypsin was added and 

hydrolysis was performed at 37℃ and pH 7.5. To inactivate the enzymes of the digested 

retentates, heat treatment was performed at 90℃ for 30 min and pH of hydrolysates was 

adjusted to 4.6 to precipitate unreacted casein. The milk in which casein was preci-

pitated was centrifuged at 12,000×g for 15 min to obtain casein hydrolysates. The 

hydrolysates were then either spray-dried and freeze-dried (Fig. 2).

4. Electrophoresis (sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

[SDS-PAGE])

Reducing SDS-PAGE was performed as SDS-PAGE kit (Mini-PROTEAN Precast Gels, 

Bio-Rad, USA) to find out the protein fractionation of retentates, permeates and casein 

hydrolysates. All gels were Coomassie-stained [8,9]. 

5. Statistical analysis

The Statistical Analysis System 9.4 (SAS Institute, USA) software was used to perform 

ANOVA. Results are presented as mean±SD of three replicates determinations. The level 

of significance was set at 5% level (p<0.05).

Fig. 2. Production of casein hydrolysates using sterilized non-fat milk by ultrafiltration lab test unit.
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Results and Discussion

1. Composition of concentrated milk using 10 kDa and 30 kDa membranes

Non-fat milk was separated using 30 kDa and 10 kDa membranes of UF. Fig. 3 shows 

a photograph of permeates and retentates separated on a 10 kDa membranes.

The composition of retentates and permeates on 4 hr (30 kDa) and 10 hr (10 kDa) 

in each membrane are shown in Table 1. The total solids, protein and calcium content 

of retentates separated with a 30 kDa and 10 kDa cut-off were increased significantly 

(p<0.05) compared to those of feed. Table 2 Shows the composition of retentate and 

permeate on 10 kDa membrane based on VCF unit. There was a significant (p<0.05) 

increase in total solids and protein content of retentates when VCF was increased to 1.2 

and to 1.4 (Table 3).

Fig. 3. Permeates (A) and retentates (B) of skim milk using 10 kDa membranes.

Table 1. Membranes used for filtration of concentrated skim milk

Membrane code 10 kDa 30 kDa
Molecular mass cut-off (Da) 10,000 30,000
Membrane diameter (I.D/O.D) 0.9 mm/1.6 mm
Effective membrane area 0.14 m2

Membrane material Polysulfone
Potting material Urethane
Module case Polyvinyl chloride (PVC)
Module diameter Ø34 (25A)
Module length 320 mm (Approx.)
Filtration type Cross-flow

I.D, inner diameter; O.D, outer diameter.

Table 2. Composition of concentrated milk using 10 kDa and 30 kDa membranes

Variables Moisture (%) Protein (%) Fat (%) Lactose (%) Calcium (mg/100 g)
Feed (non-fat milk) 91.20±0.01a 3.59±0.08c 0.24±0.20a 4.20±0.61a  108.89±11.66c

Retentate (30 kDa) 90.08±0.05b 5.88±0.02b 0.28±0.04a 3.75±0.13a 139.02±4.56b

Retentate (10 kDa) 87.84±0.05c 7.27±0.14a 0.55±0.39a 4.27±0.74a 195.77±4.85a

Permeate (30 kDa) - 0.42±0.20d 0.25±0.04a 4.62±0.05a  21.78±4.31d

Permeate (10 kDa) - 0.48±0.16d 0.19±0.09a 4.04±1.09a  20.17±1.58d

a–d Same letters in the same column are not statistically different (p<0.05).
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2. Electrophoresis of permeates, retentates and casein hydrolysates and chemical 

composition of casein hydrolysates

The results of SDS-PAGE of retentates and permeates using 10 kDa and 30 kDa 

membrane are shown in Fig. 4. In the retentate, similar protein bands with feed were 

observed indicating that protein in milk was concentrated after UF. The permeate 

protein band showed that substances with large molecular weights than membrane 

pores such as casein, did not penetrate. Darker band was detected in the 10 kDa 

retentates compared to that of the 30 kDa retentates indicating lower protein content 

of the feed separated from the 30 kDa membranes (Table 2).

The results of SDS-PAGE of trypsinized retentates using 10 kDa and 30 kDa membrane 

and CPP from Frieslandcampina (Netherlands) are shown in Fig. 5. In retentate, the 

casein protein band was not detected after enzyme treatment. It seems that longer 

hydrolysis resulted in more amount of products, i.e., disappearance in casein bands after 

24 hr hydrolysis. No casein bands was detected in commercial CPP as well (Fig. 5).

Table 3. Composition of concentrated milk using 10 kDa according to VCF unit

Variables Moisture (%) Protein (%) Fat (%) Lactose (%) Calcium (mg/100 g)
Feed (non-fat milk) 91.20±0.01a 3.59±0.08c 0.24±0.20ab 4.20±0.61b 108.89±11.66b

Retentate (1.2 VCF) 90.22±0.04b 3.99±0.09b 0.44±0.04a 4.28±0.11b 122.66±0.01ab

Retentate (1.4 VCF) 89.20±0.02c 4.66±0.03a 0.27±0.04ab 4.85±0.14a 127.17±2.09a

Permeate (1.2 VCF) - 0.24±0.00d 0.37±0.03ab 4.00±0.67ab  21.65±1.91c

Permeate (1.4 VCF) - 0.24±0.00d 0.19±0.01b 4.14±0.38ab  22.53±1.27c

a–d Same letters in the same column are not statistically different (p<0.05).
VCF, volume concentration factor.

Fig. 4. Electrophoretic patterns under reducing conditions of retentate and permeate samples with 
10 kDa and 30 kDa membrane. (1) Mass marker: ladder, (2) Feed: sterilized skim milk, (3) 
Retentates 10 kDa: retentates obtained by using 10 kDa membrane, (4) Retentates 30 kDa: 
retentates obtained by using 30 kDa membrane, (5) Permeates 10 kDa: permeates obtained by 
using 10 kDa membrane, (6) Permeates 30 kDa: permeates obtained by using 30 kDa membrane.
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It seems that calcium in casein was effectively concentrated after UF and remained in 

casein hydrolysates even after enzyme treatment (Tables 2 and 4). In commercial CCP, 

much lower (p<0.05) Ca was detected indicating that acidification of milk was performed 

to produce casein hydrolysates.

Conclusion

By using ultrafiltration, milk protein was very effectively concentrated upto more than 

two times. During UF, the pH of milk was maintained as ∼6.7 indicating that casein 

Fig. 5. Electrophoretic patterns under reducing conditions of casein phosphopeptide and hydrolysis 
casein samples with 10 kDa membrane. Bands represent samples from two independent runs at 
each hydrolyzed time. (1) Mass marker: ladder, (2) Feed: sterilized skim milk, (3) Retentates 10 
kDa: retentates obtained by using 10 kDa membrane, (4, 5) Hydrolysis 12 hr: hydrolyzed casein 
obtained by retentate using 10 kDa membrane with hydrolyzed during 12 hr, (6, 7) Hydrolysis 17 
hr: hydrolyzed casein obtained by retentate using 10 kDa membrane with hydrolyzed during 17 
hr, (8, 9) Hydrolysis 24 hr: hydrolyzed casein obtained by retentate using 10 kDa membrane with 
hydrolyzed during 24 hr (10, 11) CPP: casein phophopeptide (Frieslandcampina).

Fig. 6. Freeze-dried (A) and spray-dried (B) casein hydrolysates. 
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micelles was not disrupted. Hydrolysis of concentrated UF milk resulted in lower molecular 

weight of protein compared to that of casein in milk. The Ca was also concentrated after 

UF and still present with a high amount in casein hydrolysates. Therefore, using UF 

techniques, casein hydrolysates was able to be obtained without acidification or renneting 

of milk and can be good sources of dairy Ca and protein for further uses as an ingredient.
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