
 
 
 

8584 
 

Ann. For. Res. 65(1): 8584-8596, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

ISOLATION AND PURIFICATION OF Β-CN FROM SHEEP MILK AND MEASURING 
THE EFFECTIVENESS OF ITS ENZYMATIC HYDROLYSIS IN INHIBITING ACE1 

 
Shatha Jameel AlKhalidy1* and Kifah Saed Dosh2 

1* Department of Food Sciences, College of Agricultural Engineering Sciences, University of 
Baghdad, Baghdad, Iraq, Shathaalkhalidy@gmail.com. 0000-0002-7942-8661 

2 Department of Food Sciences, College of Agricultural Engineering Sciences, University of 
Baghdad, Baghdad, Iraq.  Kifah.s@coagri.uobaghdad.edu.iq . 0000-0002-5564- 0852 

  
Abstract  
Milk is a biological important fluid that contains minerals, vitamins, fat, and proteins as crucial 
elements inside the human body that are used to support the body with natural supplements and 
might be used for therapeutic purposes. Purification of casein using salt and urea was used and it 
was partially purified using DEAE-Cellulose and then Sephadex-G-75. The resulting hydrolysate 
was estimated after incubation with pepsin, trypsin, and a mixture of them to study the inhibition 
rate of the Angiotensin-converting enzyme (ACE 1). β-CN was partially purified with one peak 
after DEAE-Cellulose ion exchange and there is also one peak that appeared after the Sephadex 
G-25 gel filtration technique. Maximum hydrolysis was gained after 8 hours of incubation using a 
mixture of pepsin and trypsin that inhibit ACE1 at an optimal level. The inhibition rate reached 
about 71% after 8 hours of incubation with a mixture of pepsin and trypsin with a hydrolysis 
concentration of 0.083μmol. Results showed that casein extracted from sheep milk can be highly 
purified using both ion exchange and gel filtration chromatography. Hydrolysis of α and β-CN 
produces low molecular weight protein using pepsin and trypsin and a mixture of them. 
Keywords— β- Casein, Sheep milk, ion exchange, gel filtration, degree of hydrolysis, 
Angiotensin-converting enzyme 
 
1. INTRODUCTION 
     Depending on the contents of each type of protein and its main structure, peptides can have 
multiple bioactive functions, including different hypotensive peptides (2). The protein casein is 
not homogenous. It is made up of many fractions, including s1-casein, s2-casein, beta-casein, and 
Kaba-casein (3). The ratios of the milk casein fractions vary depending on the species of ruminant, 
as well as their size, hydration, and mineralization. Casein from sheep's milk is more mineralized, 
less hydrated, and more heat stable (4). 
  
Additionally, it is believed that milk proteins serve as the building blocks for a variety of 
biologically active peptides with better nutritional and immunological functions (5). Many 
disorders, including those caused by immune system deficiencies, thrombosis, mineral 
malabsorption, and hypertension, are treated with the use of bioactive peptides. Although there 
were differences in the casein components, mineral levels, and calcium to phosphate ratios in the 
sheep milk, all had remarkably high nutritional benefits for the human body (6). 
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     The evidence that the peptide of peptide causes hypotension and the effectiveness of lowering 
blood pressure make the peptide research field one of the most important research fields in medical 
chemistry. This has led to serious concerns about the inhibition of ACE1 might be a drug as it 
directly affected on ACE1 inhibition (7). The kind and arrangement of the amino acids in peptide 
sequences determine the biological efficacy of low molecular weight compounds. Typically, 
bioactive peptides have between three to twenty amino acids per molecule (8). 
      Rare and restricted research has been done on the separation and hydrolysis of casein from 
local sheep milk to create peptides that have inhibitory effects on ACE1. (9), despite the 
significance of identifying the hydrolysis effect of their peptide on ACE1, revealed that there are 
very few articles on ACE-inhibition from hydrolysates gained from casein (CN) in sheep and goat 
milk. In order to create tiny molecular weight peptides that can reduce high blood pressure, this 
study purified the casein from sheep milk. 
 
2. Materials and Methods 
 2.1 Reagents and enzymes 
Fresh local sheep from Iraq that were obtained from the animal house directorate of the Ministry 
of Agriculture in Baghdad provided the Milk sample. used by operating the BL-S selecta 
centrifugal apparatus at 3000 g for 15 minutes and at 4 ci. It was done to separate the acidic casein 
from sheep milk. Both pepsin (Porcine Source, activity 2000u/gm, BDH business) and trypsin 
(Porcine Source, activity 1800u/gm, Merk company) are digestive enzymes. Bovine standard beta-
CN was manufactured by Merk Company. BDH Company produced Sephadex G-75 Fine 45. 
Fluka Company's TNBS ACE1 (EC 3.4.15.1) (EC 3.4.15.1) Hippuric acid HA and Rabbit Lung.  
 
2.2 -CN Separation 
      At the start of the separation process, 40gm of acidic casein that had previously been generated 
in 100 ml of urea was used. 
    To obtain 4.63M of the solution, 42.5ml of distilled water was added to the mixture, and 
preserved it at room temperature until white. The precipitate reduced the concentration of urea to 
4.63M in 100 ml of a solution containing 0.326 molar NaCl and one precipitates which is beta-CN 
that has been stored in freeze drying. 
 
2.3 β-Casein Purification with DEAE-Cellulose Ion Exchange Chromatography 
According to (11) and (12), crude beta-CN that was previously separated from the precursors was 
purified using anion exchange chromatography (12). 
    beta- CN Phosphate buffer was used to dissolve the material, which contained NaCl in 
increasing concentrations of 0.1, 0.175, 0.2, and 0.25 molar. Protein solutions were pumped at a 
rate of 50 ml per hour at a concentration of 5 ml per tube, and the spectrophotometer,  a Shimadzu 
model 1650 PC, read the concentration at 280 nm. 
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2.4 β- Casein Purification by Gel Filtration 
       As reported by the Pharmacia Fine Chemicals Company, the gel of Sephadex G-75 was used 
to construct columns. 0.5 grams of freeze-dried beta-CN that had been previously purified were 
dissolved in 10 milliliters of 0.005 phosphate buffer. The column of Sephadex with a dimension 
of (1.570×1) centimeter was eluted by a buffer containing the equivalent amounts of urea and 
EDTA. With a flow rate of 20ml per hour and 3 ml per tube, and protein solutions in tubes, 
fractions have been recovered from a Sephadex column and read at 280 nm by a spectrophotometer 
made by Shimadzu model 1650 PC. The volume of -casein was concentrated, and the Bradford 
method was used to measure the protein content (13). 
 
2.5 Protein concentration assay 
The standard beta-Casein was employed in the creation of the standard curve as shown in table 1, 
and the Bradford technique was used to estimate the concentration of beta-Casein in solutions. 
Estimate the molecular weight of beta-casein and confirm purity. The purity of beta-casein was 
determined using a vertical electrophoresis technique with polyacrylamide gel and sodium dodecyl 
sulphate (SDS) and its molecular weight was calculated. beta-CN with a known molecular weight 
using the method described in (14) and modified by (15). Protein-degrading enzymes break down 
casein. The adjustments to (9) were then applied in the ratio of the amount of protein and the 
quantity of proteolytic  enzymw units to the quantity of protein acquired in the process of (16). 

 
Figure1. Protein concentrations of are estimated β-CN using the Bradford method's standard 

curve at the absorption of 595 nm 
 
       Casein (0.1 g) was dissolved in 10ml of distilled water at pH 8 for trypsin, pH 2 for pepsin, 
and pH 2 then raised to pH 8 for the 1:1 mixture of the two enzymes. By adding Hcl and NaoH, 
the pH is altered. During the 8-hour reaction period at 37°C, pepsin and trypsin were added to the 
reaction mixture in increments of 20, and 18 units, respectively. Symbiotic enzymes reacted with 
pepsin and trypsin in a four-hour span, respectively. The degree of DH hydrolysis in beta-Casein 
is assessed using samples taken every hour. 
2.6 Estimation of DH: The DH was calculated using (17). Leucine's standard curve, which is 
depicted in figure (2), was used to compute the DH of the samples. Each time, 0.2125 molar 
sodium phosphate buffer with a pH of 8.2 and 2 ml of 0.1% Tri nitrobenzene sulfuric acid (TNBS) 
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were added to 0.250 ml of the samples. The combination was then combined, and the mixture was 
incubated at 50 oC for an hour. The reaction was halted by adding 0.1 molar Hcl and let to cool to 
30-2 oC for 30 min while being shielded from light. The absorbance was determined at 340 nm. 
The degree of hydrolysis (peptides concentration or Peripheral NH3 groups) was determined by 
plugging the values into the equation below. (18) using a Shimadzu instrument and the UV- 
PROBE 2.1 software. 

 
So that 
Lt = peripheral NH3 group concentration at time (0-8 hr.). 
L0 = Free amino acids (NH3 group) in original protein samples that have not been changed. 
Lmax = L overall. 
Lmax is the total amount of free amino acids produced after 24 hours of acidic hydrolysis by 6 
molar Hcl at 120 cp. 

 
Figure 2. Leucine standard curve utilized for the degree of hydrolysis at 340 nm. 

 
3. Results and Discussion  
3.1 Acidic casein prepration and composition 
During the season of 2021, milk samples from young sheep in the area were gathered from the 
field at the College of Agriculture/University of Baghdad. As a result, the solid non-fat content of 
sheep milk was 10.40%, and the moisture content was 83.2%. Additionally, it revealed that the 
level of protein in the local sheep milk was 5.3%, which was consistent with the study's findings 
that the total solid content of sheep milk was 16.8%. (15-20). Higher quantities of total solids 
(19.11%), fat (7.52%), protein (5.90%), lactose (4.55%), and solids-non-fat (11.45%) were also 
found in other trials (19). When compared to cow milk, sheep milk had a fairly close rise in fat 
content (6.4%). These numbers are regarded as extremely 
Sheep milk had a density and refractive index of 1.045 g/cm3 and 1.354 g/cm3 respectively at 20 
°C. These values exceeded the density and refractive index ranges (1.0347-1.0384 g/cm3) and 
(1.3492-1.3497 g/cm3), respectively, which may be attributable to variations in sheep breeds (19). 
 
3.2 Extraction of crude Acidic Casein from  sheep milk  
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Using cryogenic centrifugation and acidic precipitation, crude acidic casein was isolated from local 
sheep milk. The total amount of acidic casein protein in sheep milk was 4.5g/100g (43%), which 
was within the typical range of acidic casein protein in sheep milk (4.2-5.2g/100g), according to 
the results. The total amount of protein in milk sheep was 5.86g/100g (57%) and the total amount 
of protein in milk was. These findings are in line with recent studies (23) that revealed the minimal 
amounts of protein and casein in sheep milk for various breeds to be 5.5 and 4.7g/100g, 
respectively. The amount of protein in milk significantly affects its technological and nutritional 
value. 
3.3 Purification of Primary β- Casein in sheep milk  
       The quantitative estimation of β-CN from total acidic sheep's milk casein yields 9g out of 
40gm of total casein, which represents 22.5% of total Casein. These results agree with (24) who 
obtain 18% β-CN, On another hand, (23) showed that the amount of β-CN constitutes 61.6% of 
total casein. 
 3.4 Purification of β-CN in sheep milk using a DEAE-Cellulose anion exchanger 
  β-CN isolated from sheep milk was purified by Ion-Exchange chromatography using DEAE-
Cellulose an anionic exchanger. Results are indicated in figure 3. Results illustrated in figure 3 
showed that there is only one eluted peak in fraction numbers 15 to 35 using (0.4M) NaCl solution, 
and it belongs to β – CN because it has a less negative charge than αs– CN and K-CN protein, that 
was recovered from the column when using a (0.4M) NaCl solution due to the nature of its 
constituent acids, the two amino acids aspartic and glutamic, form the highest proportions of the 
rest of the acids in the β – CN molecule. Fractions representing β – CN were collected and pooled, 
then protein concentrations were estimated. The amount of the eluted β – CN was 125 ml that was 
used for the next purification step. The protein concentration was estimated (10.5g/ml). 
     Results indicated in Figures 3 showed that there is no interaction with another peak in the 
elution process which means that there is no other negative charge protein in the purified sample. 
These results disagree with (25) who showed that there is no peak in the wash step while there are 
four peaks that appeared after separation with the DEAE-Cellulose anion exchanger. Therefore, 
HPLC technique used to indicate the β-casein in the eluted sample. 
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Figure 3. The purification of β - Casein sheep's milk on a DAEA-Cellulose column from 50x2 cm 
using a phosphate buffer of 0.5M molar, pH 7.4 containing a urea solution of 3.3 molars and 10 
mmol of mercaptoethanol the binding fraction eluted using (a flow rate of 50 ml/hour, at a rate of 
3 ml/tube, and with saline gradient NaCl from 0.1-0.9 M in the buffer).   
                                  
3.4 Purification of β-CN by Gel Filtration Method by Using Sephadex G-75 
   Sephadex G-75 was the used to prepare the gel filtration chromatography column, according to 
the method used by (26) in purified β-CN milk with a modification in column length only, as gel 
filtration depends on the molecular weight differences between proteins (27). Results indicated in 
figure 4 showed that one peak was obtained in gel filtration chromatography. The peak appeared 
in tubes (11-35) when NaCl concentration was about 0.25M in phosphate buffer 0.05M. These 
results disagree with Kocher, (2018) who indicated that the elution process showed two major 
peaks. The first appeared in tubes (22-26) and the second in tubes 30-40. Fractions representing β-
CN were pooled, then protein concentration was measured using Bradford method. agree with  
(28) and (29) who confirmed the possibility of obtaining one major protein peak for casein 
fractions of cow, sheep and goat milk by ion exchange method then gel filtration with a Sephadex 
column. 

 
Figure 4. The purification of casein from sheep's milk using gel filtration chromatography 

required a sephadex G-75 column (90 x 1.5 cm) equilibrated with phosphate buffer saline pH 7.6 
containing urea of 6.6 M and EDTA of 0.004 molar flow rate of 20 ml/hr, 3 ml/tube. 

3.5 Purification of β- Casein using SDS-page 
   The purity and molecular weight of β-CN was determined using the SDS-PAGE method which 
depends on the electrophoresis of protein according to their charge. Results shown in figure 5 
revealed that after electrophoresis of beta-CN, a single and purified beta-casein band emerged, 
insuring that it is devoid of additional casein fractions. The refined beta-CN also moved at similar 
distance as standard proteins, demonstrating the protein's purity. According to (30) and,  alfa-CN 
and beta-CN is the prevalent in sheep milk casein" (31). In comparison to the mwt of the 
benchmark protein in Ladder, the mwt of pure -CN was 23 KD. The results agree with (32) showed 
that β-casein purified from sheep milk has a lower mwt (24.5) on SDS-PAGE. While (33) found 
that αs-CN was migrated to less than 26.8 KD in SDS-PAGE. β-caseins showed one crucial band 
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corresponding to a mwt of 14.4 kDa, and sheep αs-casein and β-caseins were degraded up to 76% 
and 19%, respectively,  after 24 h of incubation (34). 
 

 
Figure 5. Migration of standard casein, standard ladder, and purified casein in 12.5% of SDS-
PAGE. The standard casein in purified sheep milk is represented by β-23 KDa. 
 
3.6 Hydrolysis of β- Casein 
Hydrolysis of β-Casein in sheep milk was determined using Pepsin and Trypsin and a mix of both 
Enzymes for eight hours. Figure 6 of the data reveal that trypsin and pepsin treatment of β-CN 
increased the degree of hydrolysis (DH) due to high absorption values at 340 nm. In general, the 
three treatments behaved similarly, reaching maximum hydrolysis after 8 hours of incubation at 
37°C, but in different proportions with Pepsin, trypsin, and their mixture, respectively. This 
indicates an increased release of peptides due to the specific hydrolysis effect of the enzymes. 
Results demonstrated that the optimum level of DH was obtained after incubation with a mixture 
of trypsin and pepsin after eight hours of incubation. These results were inconsistent with (25) who 
showed that DH enhanced to the highest level after incubation of pepsin and trypsin together to 
hydrolyze β-CN. 
The results in Figure 6 indicated a high DH of β-Casein (61.0%), due to the efficiency of the 
synergistic action of the two enzymes which was similar to the DH of β-CN after incubation for 8 
hours with trypsin and pepsin (1:1). These results agree with (35). Trypsin was used in the 
hydrolysis immediately after different proteolytic enzymes to increase the DH of casein from 44.5 
to 72%. The high hydrolysis rates after purification of casein from sheep milk indicated that β-CN 
has low molecular weight peptides that can be obtained after hydrolysis according to the structure 
of β-CN, their biochemical components of amino acids and sequences, in addition to the type and 
concentration of enzymes used in the analysis, and the increase of β-casein decomposers by pepsin 
and trypsin in sheep (36). These results agree with (9) in goat milk casein, it means that there is a 
high hydrolysis efficiency of β-CN after incubation with pepsin, due to the availability of the basic 
cyclic amino acids and the specialized structure of sheep milk casein to stimulate the active sites 
in pepsin.  On another hand, results indicated in figure 6 showed that the DH value of β-CN by 
trypsin:pepsin was 61.0% after 8 hours, which that maximum activity of hydrolysis was achieved 
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by the synergistic effect of pepsin: trypsin in hydrolysate of sheep milk, which agrees with (37) 
who reported that trypsin has less activity in β-CN. 

 
Figure 6. Hydrolysis% of beta-CN induced over an 8-hour incubation period at 37°C with a ratio 

of 1:1 mixture of pepsin and trypsin. 
3.7 The Inhibitory Effectiveness of ACE1 by β–CN Hydrolysates (βH) 
     Results indicated in table 1 and figure 7 showed three hydrolysates after the determination of 
the inhibitory effect of β–CN Hydrolysates (βH) on ACE1. The β–CN Hydrolysates, which were 
hydrolyzed by the activity of pepsin, were incubated with ACE1 for three different time periods 
(1, 5, and 8 hours) which are referred to as β H1P, βH5P, and βH8P. In the same method, results 
also pointed out three hydrolysates by trypsinization of β– CN hydrolysates which are referred to 
as βH1P, βH5P, and β H8P in addition to three hydrolyses by the effect of a mixture of pepsin: 
trypsin after incubation for three different interval times (1, 5, and 8 hours) on ACE1 activity. 
ACE1 activity is determined by the measurement of HA concentration produced by the enzymatic 
activity of ACE1 on the hypuric acid substrate (HHL). Results indicated   an inverse proportion 
among hip uric acid and the rate of  inhibition% as shown in the figure 7. However, results 
demonstrated that there is an increased level of inhibitory rate in hydrolysate produced after 8 
hours of incubation with pepsin, trypsin, and their mixture (66.263, 68.821, and 71.342 µMol 
respectively) than the other hydrolysate produced after 1 and 5 hours of incubation with the same 
hydrolyzing enzymes with the following concentration respectively (0.09, 0.075, and 0.084 
respectively).  
       Results indicated in table 1 and figure 7 also showed that there is increased inhibitory 
effectiveness of ACE1 after 5 hours of incubation with pepsin, the inhibitory rate increased from 
5.123% to 9.342% after incubation for 5 hours. While it increased from 8.532% to 17.632% after 
incubation with trypsin for 5 hours, the inhibition rate increased from 7.536% to 21.963% after 
incubation with a mixture of pepsin and trypsin for 5 hours. In this regard, the results showed that 
increasing the degree of hydrolysis is an important factor to raise the inhibitory activity due to the 
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emergence of new peptide chains that are characterized by low molecular weights and high 
inhibitory activity as a result of the continuation of hydrolysis processes. 
      On the other hand, due to the synergistic action of the pepsin and trypsin enzymes together, 
results indicated the importance of using a mixture of the two enzymes in the hydrolysis process 
to obtain the highest inhibition rate of ACE1.  Results indicated in the table 1 showed that the 
highest inhibitory activity was 71.342% in βH8M with an HA concentration of 0.084 µMol that 
incubated for 8 hours with a mixture of pepsin and trypsin as indicated in table 1. This hydrolysate 
was collected for more purification processes to identify the specific peptide that is  
responsible for the inhibitory action.  

 
  
Figure 7. The role of βH of β-casein in ACE1 inhibition as formed by pepsin, trypsin, and their 
mixture at a 1:1 ratio. 
        These results agree with (38) which found the highest inhibition rate of ACE1  reached 
67.6when analyzed for goat casein with trypsin while and (39) found that the inhibition rate of 
ACE1 by βH hydrolysate was 58% after 3 hours of incubation with trypsin. There are rare studies 
that demonstrate the inhibition rate of ACE in hydrolysates of sheep milk casein therefore, the 
study refers to (40) which showed that 12 peptides were identified, most of which originated from 
b-casein, that affected the inhibition of ACE1.  
Table 1. The study of DH ratio and values of β-CN Hydrolysis concentrations with HA 
concentration and ACE1 inhibition efficacy.  
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β-CN hydrolysates 
βH1p βH5p βH8p βH1T βH5T βH8T βH1M βH5M * β H8M 

The inhibition activity% z 

 

9.342 66.263 8.532 

 

17.632 

 

68.821 7.536 

 

21.963 

 

71.342 * 

ppuric acidhi  
concentration (HA) µMol  0.183 

  

0.301 0.09 0.321 0.175 0.075 0.184 0.211 0.084 

Hydrolysis degree  %  
5.5 

31.32 51.424 7.2 32.543 45.235 6.432 31.345 59.235 

Peptides Conc. (terminal 
NH3 group) 

 

4.912  

22.453 43.567 6.534 28.453 37.543 0.864 27.543 

 

51.453 

 

*: The hydrolysate had the highest ACE 1 inhibiting rate of β-CN 
          
      However, the βH hydrolysate form β-CN in sheep milk indicated that highest inhibition activity 
of ACE1 which was (71.342 %) with (0.084 µMol) of HA concentration which is high inhibition 
activity after incubation with pepsin and trypsin. These results disagree with (41) who proved that 
β- Casein hydrolyzers by trypsin have stronger activity than β-CN hydrolyzers with other enzymes 
in producing peptides effective in inhibiting ACE1, but (42) considered that there are two factors, 
hydrolysis degree and the type of peptides in casein hydrolyzer, affect on the emergence of high 
Inhibition activity in ACE1, which emphasizes the importance of synergistic action in releasing 
low molecular weight bioactive peptides. On another hand, It was demonstrated that sheep casein 
hydrolyzed by trypsin and pepsin had high ACE1 inhibition efficacy (67.1 and 61%, respectively), 
and that this activity increased with the degree of hydrolysis (DH), which was 48.0 and 59.5. It 
was also demonstrated that isolating peptides from the hydrolysates increased ACE1 inhibition 
activity to 97.6%. The most effective ACE1 inhibitory activity peptides that are also able to be 
taken orally are Val-Pro-Pro and Ile-Pro-Pro (9). 
   Conclusion 
      It concluded that β-CN can be highly purified using DEAE-Cellulose ion exchange and the 
Sephadex G-75 chromatography method. The molecular weight of β-CN is high. The synergistic 
action between trypsin and pepsin will obtain a high degree of hydrolysis of β-CN from sheep 
milk. The synergistic effect of pepsin:trypsin on βH was effective in the inhibition of ACE1, 
therefore this study might be a novel area to diagnosis the new bioactive peptide that is used for 
the treatment of blood pressure 
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