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ABSTRACT

The pH-stat and osmometric methods were adopted for control of hydrolysis of
casein and whey proteins by chymotrypsin, trypsin and pepsin. Experiments in
alkaline medium showed that the mean pK values determined for amino groups
in milk protein hydrolysates at 52 8C were 7.11 for casein hydrolysates and 7.18
for whey protein hydrolysates. During hydrolysis in acidic medium the osmotic
coefficients determined for casein and whey proteins enabled calculation of the
calibration factor for the osmometer (1.05) which could be assumed as constant.
Results will enable monitoring of DH during hydrolysis of milk proteins in such
systems.
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The adjustment of pH during hydrolysis
in acidic medium was made with 0.1M HCl.
Cryoscopic osmometer (Trident, Warsaw, Po-
land) was used to measure osmolality.

pH-stat calibration
The calibration of pH-stat relied on de-

termining the mean pK value for amino
groups in milk protein hydrolysates. To de-
termine the pH value at 528C, two experi-
ments were carried out for casein and whey
protein hydrolysates using the pH-stat meth-
od at two pH values, pH1 7.5 and pH2 8.0.
Protein substrates were hydrolysed by trypsin
and chymotrypsin.

The amount of sodium hydroxide con-
sumed during hydrolysis was converted to
hydrolysis equivalents (hpH-stat). Samples of
hydrolysates were taken during proteolysis
and were transferred into hot SDS, followed
by determination of L-leucine equivalents
(hTNBS). After correlation of hpH-stat and hTN-

BS, straight lines of slope b were obtained.
The pK values were calculated from the fol-
lowing equation (Adler-Nissen, 1986):

pK 5 pH2  1  log(b1 2 b2) 2
log(10pH22pH1?b2 2 b1)

where: pH1 and pH25pH values at which the
hydrolysis was carried out (pH2.pH1); b1
and b25respective slopes of straight line.

Osmometer calibration
Osmometer calibration was carried out

according to Adler-Nissen (1986) by corre-
lating the hydrolysis equivalents as deter-
mined osmometrically (hosm) with L-leucine
equivalents, as determined with TNBS (hTN-

BS). During the course of milk protein hy-
drolysis, samples were taken, one aliquot was
directly transferred to hot SDS, followed by
determining their content of a-amino groups
with TNBS. The other aliquot was assayed
for osmolality and hosm was calculated from
the equation (Adler-Nissen, 1986):

hosm 5 [DC/(S%?fosm)]?(1/v)

where: DC5osmolality, mOsm/kg;
fosm5conversion factor, calculated on a ba-
sis of the content of dry matter in the reac-
tion mixture with substrate (D%);
fosm51000/(100 2 D%); S%5substrate con-

a510pH 2 pK/1 1 10pH 2 pK, MP5mass of
protein substrate (g); htot5total number of
peptide bonds (mM/g protein).

The principle of osmometry is based on
the relationship between the number of pep-
tide bonds released during hydrolysis and os-
molality of the reaction mixture. The mea-
surement of osmolality takes several seconds
and the value read is converted to DH using
the following formula (Adler-Nissen, 1986):

DH 5 [DC/(S%?fosm)?(1/v)?(1/htot)?100

where: DC5osmolality (mOsm/kg);
S%5substrate concentration; fosm5 conver-
sion factor calculated on the basis of percent-
age content of dry matter in substrate (D%):
fosm51000/(100 2 D%); htot5totalnumber
of peptide bonds (mM/g protein); v5osmotic
coefficient for peptides.

Our objective was to develop the pH-stat
and osmometric methods for control of DH
during hydrolysis of casein and whey pro-
teins by chymotrypsin, trypsin and pepsin.

MATERIAL & METHODS
ACID CASEIN (93% PROTEIN IN DRY MAT-
ter) and whey protein concentrate WPC-80
(80% protein in dry matter) were used as pro-
tein substrates. Chymotrypsin (40 U/mg) and
trypsin (44 U/mg) were from Sigma Chemical
Co. (St. Louis, MO), and pepsin (15.5 U/g) was
from Fluka Chemie AG (Buchs, Switzerland).
Trinitrobenzenesulfonic acid (TNBS) and so-
dium dodecyl sulfate (SDS) were from Sigma
Chemical Co. (St. Louis, MO).

Experiments in alkaline medium were
carried out in a pH-stat (Metrohm, Basel,
Switzerland) with automatic dosage of the
base. The pH was adjusted using 4M and
0.1M NaOH.

INTRODUCTION
IT IS VERY IMPORTANT TO CONTROL THE
reaction during production of enzymatic pro-
tein hydrolysates since stopping it at the right
time determines the functional and sensory
properties obtained (Antila, 1988; Vegarund
and Langsrud, 1989; Ziajka et al., 1993). The
extent of hydrolytic degradation of proteins
is measured by the number of peptide bonds
cleaved which, expressed in a percentage, is
defined as the degree of hydrolysis or DH
(Adler-Nissen, 1979; Novo Industri, 1980).
Determination of DH by colorimetric meth-
ods is time-consuming. Therefore, routine
rapid control of DH during hydrolysis is ac-
complished by two methods: pH-stat meth-
od or osmometry. To monitor extensive deg-
radation of peptide chains, the pH-stat meth-
od is used for alkaline medium and osmom-
etry for acidic medium (Novo Industri, 1980;
Margot at al., 1994).

The principles of pH-stat method were
developed in the Carlsberg Laboratory in
Denmark (Jacobsen et al., 1957) and the
method was further developed by Adler-Nis-
sen (1979). DH can be calculated from the
following equation, based on the base con-
sumed during proteolysis (Novo Industri,
(1980):

DH 5 B?NB?(1/a)?(1/MP)?(1/htot)?100

where: B5base consumption (mL);
NB5base normality; a5dissociation degree,
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centration (%),  v5osmotic coefficient of
peptides.

Enzymatic hydrolysis of proteins
Casein and whey proteins were hydroly-

sed by chymotrypsinand trypsin at 528C. The
substrate concentration was 10% (v/v) and
the enzyme to substrate ratio was 0.02. In
the case of hydrolysis of milk proteins with
pepsin, all parameters were the same except
temperature (50°C). Conditions of hydroly-
sis were based on those of an earlier study
(Dzwolak, 1995).

Determination of a-amino groups
with TNBS method

Primary amino groups were determined
in hydrolysate samples using TNBS with
according to Adler-Nissen (1979).

Statistical analysis
Results (mean of four replicates) were

submitted to calculation of correlation coef-
ficients (r) and regression lines. The signifi-
cance of the differences in data and the slopes
of regression lines (b) were calculated by
Student‘s t test.

RESULTS  & DISCUSSION

Hydrolysis in alkaline medium
In all experiments a linear relationship

was found between consumption of base and
content of amino groups. The calibration of
pH-stat was made together for trypsin and
chymotrypsin hydrolysates. The results of
calibration of pH-stat (Table 1, Fig. 1, 2)
showed at pH 7.5, the slopes of straight lines
were 2.47 (r50.995) for casein hydrolysates
and 2.05 (r50.996) for those of whey pro-
teins. The respective values at pH 8.0 were
1.99 (r50.996) and 1.60 (r50.997). The
mean pK values for amino groups at 528C
were 7.11 for casein hydrolysates and 7.18
for whey protein hydrolysates.

The pK value of amino groups is not con-
stant, changing depending on temperature of
hydrolysis and size of peptides (Steinhardt
and Beychok, 1964). A considerable effect
of temperature on pK results from signifi-
cant changes of entalphy of ionization of
amino groups. Adler-Nissen (1986) reported
that a change in temperature of hydrolysis
by 108C changed the pK value by about 0.23
pH units.

The pK values for di- and tripeptides were
lower by about half than for polypeptides,
being 7.5–7.8 on average at 258C (Adler-Nis-
sen, 1986). Thus at high degrees of hydroly-
sis (DH), i.e. at large amount of oligopep-
tides and free amino acids the pK value
would differ from the pK value at low DH
values (predominance of polypeptides).
Adler-Nissen (1986) calculated the pK val-
ue on a basis of results obtained after hydrol-
ysis of casein and soybean isolate by alka-
lase, which was 7.10 60.09 at 508C.

Our results confirmed the report by Ri-
chards (1956) that up to 17% DH the con-
sumption of base in relation to the released
amino groups levelled when ribonuclease
was hydrolysed by Carlsberg subtilisin. As
is known, endopeptidases hydrolize proteins
to average DH values (,20%), therefore, the
pK value could be assumed constant regard-
ing this group of enzymes.

Hydrolysis in acid medium
Calibration of the osmometer was based

on a determination of the calibration factor,
which was the reciprocal of osmotic coeffi-
cient v, which in turn equalled the slope of
the calibration curve.

The results for osmometer calibration for
casein and whey proteins, using pepsin were
compared (Fig. 3, 4). Osmoticcoefficient v
changed with a change of solution concen-
tration, which was determined by the nature
of the solution. In electrolytes, non-electro-
lytes and ampholytes, v deviated from uni-
ty, depending on concentration and type of

solutes (Adler-Nissen, 1986). We assumed
that the same situation occured in solutions
of peptides and amino acids.

Chirife et al. (1980) reported that osmot-
ic coefficient for a-amino acids, amides and
glycylglycine was slightly lower than unity,
the deviation being small. Adler-Nissen
(1986) hydrolyzed soybean isolate by As-
pergillus niger and Aspergillus oryzae pro-
teases. The osmotic coefficient determined
for peptides being cleaved during hydroly-
sis was 0.963 and calibration factor (1/v) was
1.04.

In our study, the osmotic coefficients for
casein and whey proteins were 0.950 and
0.948, respectively, and the calibration fac-
tor was 1.05. The straight lines (Fig. 3, 4)
proved that the changes of v depending on
peptide concentration could be assumed in-
significant and the calibration factor consid-
ered constant.

REFERENCES
Adler-Nissen, J.1979. Determination of the degree of

Enzymatic Hydrolysis of Milk Proteins
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Fig.1–Calibration of pH-stat for trypsin and
chymotrypsin hydrolysates of casein.

Fig.2–Calibration of pH-stat for trypsin and
chymotrypsin hydrolysates of WPC.

Fig.3–Calibration of osmometer for pepsin
hydrolysates of casein.

Fig.4 – Calibration of osmometer for pepsin
hydrolysates of WPC.
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