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ABSTRACT
The caseins were phosphorylated by sodium tripolyphosphate (STP), and
then were hydrolyzed by trypsin. The effect of phosphorylation treatment
on enzymatic hydrolysis characteristics of casein was investigated with
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE), high-performance size exclusion chromatography (HPSEC) and
ultraviolet absorption. The results showed that phosphorylation treatment
improved the degree of hydrolysis of casein. The MW of phosphorlysated
casein was decreased at different degrees, and it reached the highest
degree for 3h. What�s more, compared with the control, the contents of

peptide (molecular weight between 20 ku and 35 ku) were significantly
increased. However, the ultraviolet absorption spectra of solution did
not changed obviously among the phosphorlysated caseins.
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INTRODUCTION

Approximately 80% of the protein of milk is
casein[1]. For the isoelectric point of casein is at
around pH4.6, it is easy to produce clots that is
slowly digested in human�s stomach. However, this

problem can be solved by modification of casein
with chemical reagents, such as phosphorylation,
succinylation, glycosylation and acetylation, which
have been used to improve the functional properties
of caseins. For example, there was an increase in
the solubilities of casein and co-precipitate near their
isoelectric points upon phosphorylation[2]. Moreover,
the enzymatic modification of casein can produce
lots of peptides, which have many biological ac-

tivities such as antimicrobial[3], antioxidant[4],
anticariogenic[5], immunomodulation[6], and binding
of many important minerals, including calcium and
iron[7]. The phosphorylation modification can be at-
tached to the oxygen of seryl, threonyl, aspartyl (â-

carboxyl) and tyrosyl residues and via nitrogen to
lysyl (å-amino) and histidyl (1 and 3) residues. Phos-

phorylation of proteins has been proven as an effi-
cient strategy to improve the functional properties
of proteins[8, 9]. Li et al reported that the dry phos-
phorylation method can improve the digestibility of
ovalbumin[10]. The results of studies showed that so-
dium tripolyphosphate (STP), which was used by
the FDA as a kind of food additives[11], may be im-
proved the characteristics of enzymatic hydrolysis
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in some food proteins.
Enzymatic hydrolysis is an important method to

enhance the functional properties of proteins com-
monly used in the modification of protein structure.
The significant differences in molecular weight dis-
tribution and structure characteristics of casein were
found between the casein hydrolysates and the con-
trol samples[12]. Proteins by phosphorylation could
decrease in amino acid content and increase in larger
peptide content (>1450 u), and reduce the bitterness
to discernible level, indicating that phosphorylation
before hydrolysis could be a potential means to pre-
vent the evolution of bitter flavor which restricts the
practical uses of the hydrolysates [13]. However, little
information is available for the phosphorylation on
enzymatic hydrolysis characteristics of casein.

For this reason, we treated the casein with STP
for phosphorylation and with trypsin for hydrolysis.
This study was conducted to investigate the hydroly-
sis degrees (DH), molecular weight distribution
(MWD) and ultraviolet absorption (OD) of the
casein under phosphorylation.

MATERIALS AND METHODS

Materials

Casein, which contained 82.84 wt% proteins,
was obtained from the Dongfanghui chemical com-
pany of Henan, and trpsin (1.13×105 u/g) was bought
from Amersco Company.

Acetonitrile of HPLC grade was purchased from
VBS Biologic Inc, and water was doubly distilled.
The other chemical reagents were analytical grade
or excellent level of pure.

Preparation of phosphorylated casein

Casein was dissolved in the water, which con-
tained 5% (w/v) casein, and then added to STP at a
final concentration of 5%. The solution was pre-
pared at pH 9.0 with 1 mol NaOH under constant
stirring, and incubated at 30°C in rotatory shakers.

Then the levels of phosphorylation in different time
were determined.

Tripsin hydrolysis of casein and phosphorlated
casein

After phosphorylation of casein, 50 mg/mL of
casein was digested with tripsin (1.25 mg/mL) at
40°C and pH8.0 in a batch stirred tank reactor. Each

aliquot was heated in boiling water for 10 min to
inactivate the tripsin activities and stop the reac-
tion. The samples were lyophilized, and then stored
at -20°C. The percentage of peptide bond cleaved

during the enzymatic reaction, the hydrolysis degrees,
was measured using the pH-stat method, as described
by Su[14].

Determination of the degree of phosphorylation

Five mL of the solution after phosphorylation of
casein were extracted to add the same volume with
10% trichloroacetic acid solution. The denaturated
protein were precipitated at 5 000 g for 10 min, and
the supernatant was extracted to adjust the pH 3.8 to
3.9 with 1 moL zinc acetate. The ingredients of pre-
cipitation are Zn

2
P

2
0

7
, which could dissolve in the

ammonia buffer solution at pH 10, then added 5 drops
of chrome black T as an indicator with 0.02 mol/L
EDTA disodium standard solution titration. The color
of the solution at the end-point changed from purple
to blue.
The degree of phosphorylation (%) = C × (V

2
 - V

1
) × Mp

/ 2 M (unit: mg P/g Pr)

(Note: C, concentration of EDTA disodium stan-
dard solution, mol/L; V

1
, volume of EDTA disodium

titration standard solution titrated by blank, mL; V
2
,

volume of EDTA disodium standard solution titrated
by samples, mL; Mp, the relative atomic mass of
phosphorus, 30.97, mol/kg; M, the molecular mass
of casein, g.)

Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE) analysis

SDS-PAGE was performed using a vertical gel
electrophoresis system with a 0.75 mm thickness.
Samples and a protein molecular weight ladder were
dispersed in1.0 mol Tris-HCl buffer (pH 6.8) con-
taining 4% (w/v) SDS, 10% (v/v) â -

mercaptoethanol, and 0.01% (v/v) bromophenol blue
and heated at 100°C for 10 min. The resolving gel

contained 15% (w/v) acrylamide (2.6% Bis) and
0.1% (w/v) SDS in 1.5 mol Tris�HCl buffer (pH

8.9) and the stacking gel contained 4% (w/v)
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acrylamide and 0.1% (w/v) SDS in 1.0 mol Tris�HCl

buffer (pH 6.8). The gels were run at constant current
of 30 mA per gel at 10°C for approximately 2 h. Pro-

teins in the gels were then destained using 0.1% silver
staining protocol (Swain & Ross). The gels were
scanned using a Digital Single Lens Reflex camera. The
data was analyzed with the software Quantity One.

The size exclusion chromatography analysis

The high-performance size exclusion chromato-
graphic (HPSEC) system was Agilent LC1260
(Agilent Technologies, Waldbronn, Germany), and
the column was PL aquagel-OH MIXED-H (8 um,
300 mm×7.5 mm I.D.). The column was thermostated

at 30°C and eluted with a mixture of water�ACN

(90:10, v/v). The flow rate was 0.5 mL/min. The
elution profiles were monitored by an ultraviolet
(UV) detector, and the detection wavelength was 214
nm.

The ultraviolet absorption analysis

The lyophilized samples were dissolved in
ultrapure water to obtain a working solution of 0.5
mg/mL. The wavelength ranges of ultraviolet scan-
ning were from 220 nm to 300 nm. The wavelength
of sampling interval was 1 nm. The samples were
detected using the Epoch Multi-Volume Spectropho-
tometer System (Biotek, USA).

RESULTS AND DISCUSSION

Effect of phosphorylation treatment on casein

The results of the degrees of phosphorylated was
shown in Figure 1. As seen in Figure 1, the degrees
of phosphorylation were different for 0.5, 1, 2, 3, 4
and 5 hr with 5% STP. The phosphorylation was
rapid within the 3 hour of reaction, and the degree
of phosphorylation was 0.018 mg/mg. The phospho-
rylation of soybean protein isolated was treated with
POCl

3
, and phosphorus content was 0.014 mg/mg in

isolated soybean protein [15]. However, the degrees
of phosphorylation in casein declined with the reac-
tions proceeding.

Effect of the hydrolysis degree of casein and
phosphorylated casein

Aliquots of casein hydrolysis were removed to
determine the DH at 10 min, 20 min, 30 min, 40 min,
50 min, 60 min, 80 min, 100 min, 120 min and 150
min, respectively Figure 2. Figure 2 showed that the
change trend of DH of the three sample increased
significantly (p<0.01) in 1h. Within the first 3 hours,
the DH did not a significant increase. The results of
DH of phosphorylated casein from 10 min to 72 hr
were showed in Figure 2 and Figure 3. As can be
seen from the Figure2 and Figure 3, the DH of phos-
phorylated casein for 30 min or 3 hr were similar
with the control. While the DH of phosphorylated
casein for 3hr significantly increased than both the
control group and phosphorylated casein for 2hr.
From 12 hr to 72 hr, the significant differences of
the DH of phosphorylated casein were found in sig-
nificantly increase at treated for 3 hr. The DH of
phosphorylated casein for 2 hr did not significantly
increase compared with control.

Figure 1 : The degrees of phosphorylated casein
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Caseins, which were a dynamic balance form of
polymers and monomers in solution, were hydro-
lyzed with trypsin to form the number of monomers
and the polymers. And the size and molecular weight
of polymers would decreace, because the repulsive
force between monomers might be reduced[16]. The
introduction of the phosphate could increase the re-
pulsive force between the molecules of caseins, and
improve the amount of the monomers, and enhance

the efficiency of enzymatic hydrolysis. The results
showed that phosphorylation modification could
improve DH of samples at different levels. The higher
degree of phosphorylated casein, the higher DH of
casein.

The analysis of the SDS-PAGE of casein, phos-
phorylated casein and its hydrolysates

As shown in Figure 4, the changes of molecular

Figure 2 : The hydrolysis degrees of (1) casein, (2) phosphorylated casein for 2h, and (3) phosphorylated casein for
3h, respectively

Figure 3 : The hydrolysis degrees of (1) casein, (2) phosphorylated casein for 2 h and (3) phosphorylated casein for
3 h, respectively
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(a)

(b)

Figure 4 : SDS-PAGE stained by silver of casein and phosphorylated casein hydrolyzed by trpsin

a, MK: molecular mass standards; Lane 1: casein; Lane 2: casein phosphorylated for 2 hr; Lane 3: casein phosphorylated for 3 hr;
Lane 4: hydrolysate of casein hydrolyzed for 10 min; Lane 5: hydrolysate of casein phosphorylated for 2 hr hydrolyzed for 10 min;
Lane 6: hydrolysate of casein phosphorylaed for 3 hr hydrolyzed for 10 min; b, MK: molecular mass standards; Lane 1: hydroly-
sate of casein hydrolyzed for 30 min; Lane 2: hydrolysate of casein phosphorylated for 2 hr hydrolyzed for 30 min; Lane 3:
hydrolysate of casein phosphorylaed for 3 hr hydrolyzed for 30 min. Lane 4: hydrolysate of casein hydrolyzed for 1 hr; Lane 5:
hydrolysate of casein phosphorylated for 2 hr hydrolyzed for 1 hr; Lane 6: hydrolysate of casein phosphorylaed for 3 hr hydrolyzed
for 1 hr; c, MK: molecular mass standards; Lane 1: hydrolysate of casein hydrolyzed for 2hr; Lane 2: hydrolysate of casein
phosphorylated for 2 hr hydrolyzed for 2 hr; Lane 3: hydrolysate of casein phosphorylaed for 3 hr hydrolyzed for 2 hr. Lane 4:
hydrolysate of casein hydrolyzed for 4 hr; Lane 5: hydrolysate of casein phosphorylated for 2 hr hydrolyzed for 4 hr; Lane 6:
hydrolysate of casein phosphorylaed for 3 hr hydrolyzed for 4 hr.

(c)
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The molecular weight（ku) 
Band Number 

Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 

1 37.4 43.5 76.8 35.0 33.6 30.3 

2 29.8 35.7 42.0 33.2 30.1 27.8 

3 23.8 25.5 35.2 30.0 20.5 20.8 

4 21.5 23.8 25.5 20.3 10.0 16.6 

5 16.6 21.0 23.8 9.1 6.3 13.9 

6 11.8 16.4 16.8 5.7 5.6 12.4 

The molecular weight（ku) 
Band Number 

Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 

1 29.0 29.8 29.2 29.2 29.2 28.8 

2 16.2 12.5 4.5 12.3 4.6 4.8 

The molecular weight（ku) 
Band Number 

Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 

1 27.3 27.5 27.8 28.0 27.8 27.5 

2 14.1 - - 4.3 - - 

TABLE 1 : The molecular weight distribution of Figure 4a

TABLE 2 : The molecular weight distribution of Figure 4b

TABLE 3 : The molecular weight distribution of Figure 4c

weight of casein, phosphorylated casein and its hydroly-
sates were investigated using SDS-PAGE of proteins.
The data of SDS-PAGE in TABLE 1, TABLE 2, and
Table 3 were obtained by analysing the electrophore-
tograms with Qualtity One. The molecular weight dis-
tribution of Figure 4a described in TABLE 1. As can
beseen from TABLE 1, it is clear that the MW of
phosphorlysated casein increased at different degrees,
and the MW of casein phosphorylated for 3 hr was the
largest compared with the others. Moreover, the casein
of the lane 5 has six kinds of molecular weights. The
changes of casein and phosphorylated casein�s com-

position could be seen from hydrolyzed for 10 min Fig-
ure 4a. The MW of hydrolysates would degrade, and
the DH of casein phosphorylated for 2 hr would be
higher than that for 3 hr.

The numbers of the lane in Figure 4b and Figure
4c were less than Figure 4a. The MW of casein had
taken place obvious changes after hydrolyzed for 30
min, because the low molecular peptides in the hy-
drolysates were detected. The MW of peptide was
appproximate 29 ku in the hydrolysates for 1 hr
TABLE 2. While hydrolysated for 4 hr, the MW of

about 80% peptide were less than 4 ku in enzymolysis
of phosphorylated casein, and the lanes of peptides
were fuzzy in electrophoresis figure (Figure 4 c).

HPLC analysis of hydrolysates of casein

As shown in TABLE 4, the retention time of phos-
phorylated casein 4 and 7 were delayed than casein 1,
and the peaks of phosphorylated casein migrated to
the left in electrophoretogram, which suggested that
there were more low molecular peptides in solution.
And the molecular weight distribution of less than 20
ku in phosphorylated casein 4 and 7 had increased from
4.35% to 16.81% and 12.73%, respectively (TABLE
4). Within the first 12 hr, the rate of the molecular weight
(less than 20 ku) of peptides in the enzymolysis liquid
of phosphorylated casein were 56.09%, and 56.26%,
respectively, while the control were 65.72%. In addi-
tion, the peptide contents of the molecular weight (be-
tween 20 ku and 35 ku) were significantly increased.
The numbers of peptides the molecular weight (larger
than 40 ku) sharply reduced with extending the time for
enzymatic hydrolysis, and the molecular weight of pep-
tides (less than 20 ku) in the enzymatic hydrolysate were
rapidly increased within the first hour. As shown in Fig-
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ure 5, phosphorylation treatment was useful to produce
the new peptides, which one more peak in the sample
5, 6, 8 and 9 than sample 2 and 3, respectively.

Caseins in the solutions was envisioned as a dy-
namic system of casein aggregates and monomers [14].
The proteins of casein were gradually hydrolyzed into
small molecular peptides in the enzyme reaction, and
pancreatin attacked different caseins with varying hy-
drolysis rates (â-casein >ás1-casein > ás2-casein >

-casein) [17]. Compared with the control
group, phosphorylated casein could change the dynamic
system, and produce more peptides of molecular weight
between 20 ku and 35 ku. The resluts showed that
phosphorylation contributed to form the low molecular
peptide in hydrolyzed solution. The new peptides can

be observed at the retention time from 1 min to 20 min,
and these results were similar to those obtained by Toldrá
et al. [18].

Effect of the UV scanning curve of enzymatic hy-
drolysates

Different degree of phosphorylation had differ-
ent absorption at the maximum absorption wave-
length, and absorbance was positively correlated
with phosphorylation levels Figure 5. Ultraviolet
spectrophotometer was commonly used to detect the
concentration of the protein and others. A research de-
scribed a novel method to measure relative and abso-
lute amounts of non-glycosylated, de-glycosylated, and
total glycosylated protein using an HPLC�UV�MS

Molecular weight distribution (%) 
Treatments 

<20 ku 20-30 ku 30-35 ku 35-40 ku >40 ku 

1 4.35 1.23 0.84 1.09 88.5 

2 55.51 10.12 4.62 4.91 24.85 

3 65.72 10.54 4.07 4.33 16.22 

4 16.81 14.1 5.31 3.39 61.32 

5 56.09 23 6.32 4.39 16.6 

6 64.58 14.6 5.12 3.22 12.48 

7 12.73 12.1 4.77 4.57 66.97 

8 56.26 16.67 6.05 4 17.04 

9 63.55 14.87 5.34 3.24 12.99 

TABLE 4 : The molecular weight distribution of phosphorylated casein

Figure 5 : The UV scanning curves of a (casein), b (casein phosphorylated for 3 hr) and c (casein phosphorylated for
2 hr)
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methodology accurately [19].
As shown in Figure 6 and Figure 7, the maxi-

mum absorption wavelength of enzymatic hydroly-
sates shifted to the left at 280 nm, which there were
some new substances produced as hydrolysis pro-
cessing, and the OD of the control increased from
0.104 to 0.2235 as hydrolysis for 72 h as well. It
means that the number of peptides that contained Trp,
Phe and Tyr were increased. The maximum absorption
wavelength shifted to the left at 280 nm.

CONCLUSIONS

The results showed that phosphorylation treat-
ment improved the degree of hydrolysis of casein;
The MW of phosphorlysated casein was decreased
at different degrees, and it reached the highest de-
gree for 3h. What�s more, compared with the con-

trol, the contents of peptide (molecular weight between
20 ku and 35 ku) were significantly increased. How-
ever, the ultraviolet absorption spectra of solution did
not changed obviously among the phosphorlysated

Figure 6 : The UV scanning curves of the hydrolysate for 10 min.; a, the hydrolysate of casein; b, the hydrolysate of
casein phosphorylated for 3h; c, the hydrolysate of casein phosphorylated for 2 hr.

Figure 7 : The UV scanning curves of the hydrolysate for 72 hr.; a, the hydrolysate of casein; b, the hydrolysate of
casein phosphorylated for 3 hr; c, the hydrolysate of casein phosphorylated for 2 hr.
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caseins.
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