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The method based on the determination of the amount of active amino groups using o-Phthaldialdehyde (OPA 
method) can be applied in practice to assess accurately the degree of proteolysis in cheeses. The work establishes 
that the OPA method gives results that strictly correlate (R2 > 0.80, p < 0.01) with the results of assessing the degree 
of proteolysis by the Kjeldahl method. The results of the OPA method, expressed in the absorption intensity of 
the colored sample at a wavelength of 340 nm (OD340), can be converted to the content of soluble nitrogenous 
substances in cheese (WSN), using the calibration relationship between these indicators.
The accuracy of the calibration relationship between WSN and OD340 can be increased (R2 > 0.91, p < 0.01) when 
using the OPA method in relation to a homogeneous group of cheeses produced by the same technology using the 
same type of milk clotting enzyme and lactic acid starter culture and having a similar shape of the molecular mass 
distribution of proteolysis products.
The OPA method can be used to assess the content of proteolysis products, which form cheese flavor, in EMС. 
The results of assessing the degree of proteolysis by the OPA method (OD340) are proportional to both the total 
content of soluble nitrogen and the proportion of nitrogenous substances in it with a mass of less than 0.5 kDa, 
which make the greatest contribution to the formation of cheese flavor.
The advantage of using the OPA method for assessing proteolysis in cheeses and EMC instead of the Kjeldahl 
method is a simpler measurement procedure and the possibility of studying more samples in less time.

FUNDING: The article was published as part of the research topic No. 0585–2019–0010 of the state assignment of the V. M. Gorbatov Federal Re-
search Center for Food Systems of RAS

1. Introduction
The traditional criterion for assessing proteolysis in cheeses 

is the ratio of the amount of water soluble nitrogen (WSN) to the 
amount of total nitrogen (TN) in the cheese with the determina-
tion of nitrogen forms by the Kjeldahl method. This is a labori-
ous and time-consuming method. Alternatively, other methods 
for assessing proteolysis based on other physical principles, 
in particular colorimetric methods, can be used. Colorimetric 
methods are fast, accurate and not time-consuming.

Colorimetric methods for assessing proteolysis based on 
the formation of colored complexes as a result of the reaction 
of special reagents (dyes) with reactive groups of nitrogenous 
substances formed during proteolysis are proposed. The degree 
of coloration can be used to assess the degree of proteolysis in 
the studied cheeses. Among the methods most widely used by 
researchers to study proteolysis in cheeses, there are methods 
based on the reaction of free amino groups:

 � with 2,4,6-trinitrobenzenesulphonic acid (TNBS), which re-
acts with primary amines, forming colored compounds hav-
ing an absorption maximum at 420 nm [1,2];

 � with ninhydrin, which, as a result of a specific reaction with 
alpha-amino groups, leads to the formation of a bright violet 
color, the degree of which can be estimated on a spectropho-
tometer at a wavelength of 570 nm [3];

 � with o-Phthaldialdehyde (OPA). Reaction between amino 
groups and OPA in presence of a reducing agent such as 
2-mercaptoethanol forming a colored compound detectable 
at 340 nm in a spectrophotometer [4,5,6,7].
The method for assessing the degree of proteolysis with 

the OPA reagent (hereinafter referred to as the OPA method) is 
widely used in the analysis of the degree of protein hydrolysis in 

protein hydrolysates. The method is highly accurate and repro-
ducible [8,9].

The advantages of the OPA method are:
 � sufficiently short reaction time of staining (2 min) before 

measurements, which provides a comfortable analysis for the 
laboratory assistant;

 � use of inexpensive VIS-range spectrophotometers (λ ≥ 340 nm) 
and inexpensive optical glass cuvettes;

 � no need for heating and long-term keeping of heated samples 
before assessing the degree of staining on a spectrophotom-
eter, in contrast to methods using TNBS and ninhydrin [10].
Despite the obvious advantages, the OPA method has not yet 

found widespread use in assessing the degree of cheese matu-
rity. This is due to the well-established tradition of assessing the 
degree of proteolysis in cheeses by the WSN content, as well as 
the absence of a strict relationship between the optical density 
of the colored complexes at a wavelength of 340 nm (OD340) and 
the WSN content in cheeses. For the introduction of the OPA 
method into widespread use, it is necessary to develop a method 
for accurately recalculating the OD340 indicator obtained using 
the OPA method into the WSN indicator obtained using the Kjel-
dahl method.

2. Materials and methods
2.1. Materials

The studies used cow’s milk from one supplier-manufac-
turer  — AgriVolga LLC (Yaroslavl Region, Uglichsky District, 
Burmasovo village). In the production of cheeses, a lactic acid 
starter culture was used, consisting of a set of cultures of Lac-
tocococcus lactis subsp. lactis, Lactocococcus lactis subsp. cremo-
ris, Lactocococcus lactis subsp. diacetylactis, based on bacterial 
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concentrate BK-Uglich-No.4 and BK-Uglich-No.5A (FGBNU Ex-
perimental Biofabrika, Russia) with preliminary activation of the 
culture on sterilized milk. Milk coagulation was performed using 
milk clotting enzymes (MCE) of the brands: Chy-max® Powder 
Extra 2235 NB, Naturen® Extra 220 NB (Chr Hansen A / S, Den-
mark), and Fromase® 750 XLG (DSM Food Specialties, France). 
Proteolytic enzymes were used for the production of enzyme-
modified cheese: Neutrase® 0.8 L, Flavourzyme® 1000 L (Novo-
zymes A / S, Denmark), as well as lipolytic enzymes: of microbial 
origin — Palatase® 20000 L (Novozymes A / S, Denmark) and of 
animal origin — a lipase preparation of calves, lambs, kids (Ca-
glificio Clerici Spa, Italy).

To assess the degree of proteolysis by the OPA method, the 
following reagents were used: o-Phthaldialdehyde for fluores-
cence ≥ 99.0% (Sigma, Product No. 79760), dodecyl sodium sul-
fate 99% for ion pair chromatography (J&K, Cat. No. 953543), 
sodium tetraborate 99% (Aldrich, Product No. 221732), dithioth-
reitol 99% for molecular biology (J&K, Cat. No. 926470), L-ser-
ine Pharmaceutical Secondary Standard (Supelco, Product No. 
PHR1103).

2.2. Methods
2.2.1. Production of Cheese

An Edam type cheese was produced with a fat content in dry 
matter of 45%. Table 1 shows the technological regulations for 
the cheese production.

Table 1
Technological regulations for the cheese production

Stage of the technological process Process parameters

Mass fraction of fat in milk mixture 2.8–3.0%

Milk pasteurization 72 °C; 10 sec

Calcium chloride dose Based on 35 g of anhydrous 
salt per 100 kg of milk

Dose of lactic acid starter culture 0.5%

Milk acidity before coagulation рН 6.42 ± 0.02

Milk clotting enzyme dose * 1380 ± 180 IMCU / 100 kg 
of milk

Coagulation temperature of milk 33 ± 1 °C

Coagulation time 41.6 ± 4.1 min

The size of the grain edges when cutting 10 ± 1 mm

Duration of processing until the cooking 27.9 ± 5.2 min

Temperature of the cooking 40.5 ± 0.5 °C

Duration of the cooking 28.2 ± 3.4 min

Duration of processing after the cooking 34.0 ± 7.2 min

Active acidity of cheese after pressing рН 5.92 ± 0.08

Mass fraction of dry matter in cheese after 
pressing 53.3 ± 1.3%

Note:
* The dose of application of MCE was determined from the rennet test [11].
The table indicates (mean value ± Standard Deviation) for the duration of the 
stages of the technical process and pH.

Fresh cheese was salted by immersion in an 18% salt solution 
for 1 day at a temperature of 4 ± 2 °C. After salting, the cheeses 
were packed under vacuum (negative pressure 1 bar; evacuation 
time 20 s) in bags made of AMIVAC CH-B polymer film (ATLAN-
TIS-PAK, Russia). The cheeses ripening of half of the batch of 
cheeses was carried out at a temperature of 6–8 °C, the other half 
of the batch of cheeses — at a temperature of 10–12 °C. Ripening 
duration was 45 days. After ripening, the cheeses were stored at 
a temperature of 3 ± 1 °C. Samples for analysis were taken after 2 
and 10 months of storage.

2.2.2. Production of Enzyme-Modified Cheese
Aromatic additives with a cheese flavor (“enzyme-modified 

cheese” — EMC) were produced according to the two-step ap-
proach method described in [12] with a number of modifications. 
A mixture was prepared from fresh cheese curd having a pH of 
6.35 ± 0.05, Na caseinate, a complex phosphate additive “Phona-
kon” (Reatex, Russia) consisting of a mixture of phosphate salts-
emulsifiers (E451i, E450i, E450ii, E339i, E339ii) and water. Mass 
fraction of dry matter in the mixture is 42%, fat in dry matter 
of the mixture is 40%. The mixture was homogenized using an 
immersion blender for 3 min in a water bath at a temperature of 
(80–85) °C. The resulting mixture was cooled to a temperature 
of 45 ± 1 °C, after which proteolytic enzyme preparations 
were added to the mixture: Neutrase® 0.8 L (0.6%  w/w) and 
Flavourzyme® 1000 L (0.2% w/w).

After stirring, the mixture was incubated at 48 ± 1 °C for 4 
hours. After 4 hours, the mixture was stirred again and lipase 
preparations were added to it: Palatase® 20000 L (0,4% w/w) or 
animal lipases (0,5% w/w). After stirring, the fermentation of 
the mixture was continued at a temperature of 48 ± 1 °C for 36 
hours. After the completion of the fermentation, the mixture 
was heat-treated in a water bath at a temperature of (80–85) °C 
for 30 minutes to inactivate enzymes and microorganisms. The 
finished EMC was transferred into glass containers with caps and 
stored at a temperature of 3 ± 1 °C.

2.2.3. Methods for Studying the Cheese Properties
Determination of active acidity — 10 g of grated cheese was 

ground in a mortar with 10 cm3 of deionized water; active acid-
ity was determined on a pH-150MI pH meter (Measuring equip-
ment, Russia).

The determination of the mass fraction of moisture was car-
ried out by drying at a temperature of 102 ± 2 °C according to the 
Russian state standard GOST 3626–73.

Determination of the mass fraction of total and soluble ni-
trogen was carried out by the Kjeldahl method according to the 
Russian state standard GOST R54662–2011.

The degree of proteolysis in cheeses was expressed as a per-
centage of the absolute content of water soluble nitrogen (WSN) 
relative to the absolute content of total nitrogen (TN).

Sample preparation
The extraction of water soluble nitrogen from the cheeses 

was carried out according to the method [13] in the modifica-
tion: 20 g of grated cheese was mixed with 40 cm3 of deionized 
water, homogenized on a FSH-2A high-speed homogenizer (Ji-
angsu Jinyi Instrument Technology Company Limited, China) for 
1 min. The resulting mixture (slurry) was transferred to a volu-
metric flask and the volume was made up to 100 ml with deion-
ized water. The mixture was kept at 40 °C for 1 h with continuous 
shaking for 200 min-1 on an SK-O180-E orbital shaker (DLAB Sci-
entific Co., Ltd, China). The samples were centrifuged at 3000 g 
for 30 min. After centrifugation, the samples were cooled to 4 °C 
and the upper fat layer was removed. The supernatant was sepa-
rated and filtered on cellulose acetate filters with a pore size of 
0.45 μm (Vladipor, Russia). The resulting filtrate was used to de-
termine the content of water soluble nitrogen according to Kjel-
dahl and to analyze the molecular mass distribution. To study 
the OPA method, the obtained extract was mixed with deionized 
water in a ratio of 1:9 (vol/vol).

The extraction of water soluble nitrogen from EMC was car-
ried out after preliminary defatting. Defatting was carried out 
with ice-cold hexane according to the modification method [14]. 
For this, 20 g of EMC was mixed with 60 ml of hexane in a 500 ml 
Erlenmeyer flask with a ground stopper and kept in a refrigera-
tor at minus 18 °C for 1 h with periodic shaking. A portion of 
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hexane with the extracted fat was decanted, after which a fresh 
portion of hexane was added, and the defatting procedure was 
repeated. The fat was extracted 3 times. The defatted sample was 
dried under a stream of air at room temperature for 3 h, after 
which another cycle of defatting and drying was repeated. To ob-
tain an aqueous extract, a weighed portion of 2.5 g of dried EMС 
was mixed with 50 ml of deionized water, kept for 30 min with 
continuous shaking, and then homogenized on a high-speed ho-
mogenizer. The mixture was transferred to a volumetric flask, 
made up to 100 ml with deionized water and filtered through 
filter paper. The resulting filtrate was used to determine the con-
tent of water soluble nitrogen according to Kjeldahl. To analyze 
the molecular mass distribution, the obtained extract was mixed 
with deionized water in a ratio of 4:6 (vol/vol) and filtered on 
cellulose acetate filters with a pore size of 0.45 μm. To study the 
OPA method, the obtained extract was mixed with deionized 
 water in a ratio of 1:9 (vol/vol).

Molecular mass distribution
Determination of the molecular mass distribution of solu-

ble nitrogenous substances in the aqueous extract from chees-
es and EMC was carried out by high-resolution gel filtration 
method using a Superose 12 10/300 GL column (GE Healthcare, 
Sweden). The eluent is an aqueous solution of 0.05 M Na2HPO4 
+ 0.15 M NaCl, the flow rate of the eluent is 0.5 ml/min; de-
tector wavelength — 280 nm. The column was calibrated ac-
cording to the retention time of protein substances with a 
known molecular mass: IgG (180 kDa), aldolase (158 kDa), 
BSA (69  kDa), ovoalbumin (43 kDa), β-Lg (36.0  kDa), α-La 
(14.4 kDa), cytochrome C (12.3 kDa), tryptophan (0.204 kDa). 
The calibration graph was approximated by the logarithmic 
regression model [15]. The molecular mass distribution was 
expressed as the fraction of the peak area of the nitrogen frac-
tion from the total area of the chromatogram. Results are ex-
pressed as the percentage of peptide material in various mo-
lecular mass ranges [16].

Degree of hydrolysis by the OPA method (OD340)
The degree of hydrolysis (DH) was determinated according 

to Nielsen et al [8] with modifications. The OPA reagent was 
prepared as follows: 4.020 g anhydrous sodium tetraborate and 
200 mg dodecyl sodium sulfate (SDS) were dissolved in 150 mL 
deionized water. 160 mg o-Phthaldialdehyde 97% (OPA) was 
dissolved in 4 mL ethanol. The OPA solution was then trans-
ferred quantitatively to the above-mentioned solution. 176 mg 
dithiothreitol 99% (DTT) was added to the solution by rinsing 
with deionized water. The solution was made up to 200 mL with 
deionized water.

Optical density was determined in a mixture of 3 ml of 
OPA reagent and 0.4 ml of the test sample. A mixture of 3 ml 
of OPA reagent and 0.4 ml of deionized water was used as a 
blank. The absorption was determined on a spectrophotometer 
of LEKI model SS1207UV (MEDIORA OY, Finland) in quartz cu-
vettes with an optical path length of 10 mm at a wavelength of 
λ = 340 nm. The absorbance values for the interaction of amino 
groups with OPA were taken after 2 min standing. The result 
was expressed as the concentration of meqv serine of NH2 
group in a liter of the sample solution based on the calibra-
tion straight line built in the range of serine concentrations 
0–2.0 meqv/L.

Mathematical processing was performed using Microsoft 
 Excel and StatSoft Statistica software packages.

3. Results and discussion
Table 2 shows the indicators of the composition of cheeses 

and EMC studied during the experiment.

Table 2
Indicators of the composition of cheeses and EMC

Indicator Cheeses 
(n = 16)

EMC 
(n = 7)

Mass fraction of dry matter, % 59.28 ± 1.76 43.19 ± 0.55

Mass fraction of fat in dry matter, % 46.03 ± 0.44 38.99 ± 0.18

Mass fraction of total nitrogen, % 4.51 ± 0.21 2.88 ± 0.15

Mass fraction of soluble nitrogen, % 1.24 ± 0.30 2.21 ± 0.20

Active acidity, рН 5.25 ± 0.06 5.70 ± 0.21

Average content of nitrogenous fractions 
with molecular mass:

 < 0,5 kDa 14% 34%

0,5–1 kDa 14% 20%

1–2 kDa 14% 23%

2–5 kDa 15% 17%

5–10 kDa 8% 5%

10–20 kDa 10% 1%

 > 20 kDa 24% 0%

Note: the table shows Mean ± Standard Deviation.

OPA reacts with free amino groups of peptides and free 
amino acids. The results of the OPA method (OD340) depend on 
both the amount of protein material (WSN) in the test sample 
and the degree of hydrolysis of the protein material that pro-
portional concentration to free of amino groups. The results of 
the Kjeldahl method (nitrogen content in the sample) depend 
only on the amount of protein material in the sample and do not 
depend on its degree of hydrolysis. Due to the different physi-
cal nature of the action of these two methods, it is necessary to 
substantiate the applicability of the OPA method to control the 
degree of proteolysis in cheeses and EMC, proving the possibil-
ity of recalculating the values of the OPA method into the values 
obtained by the Kjeldahl method.

Table 3 shows the degree of correlation between the results 
of the OPA method and the indicators of proteolysis of cheeses 
and EMС.

Table 3
Correlation between the variables of OPA method and 
the indicators of proteolysis in samples of cheeses and 

EMC

Variable
Cheese (n=16) EMC (n=7)

WSN OD340 WSN OD340

WSN 1.00 0.91 1.00 0.89

Amount of peptide material with 
a diapason of molecular weight

 < 0.5 kDa 0.12 0.15 0.14 0.51

0.5–1 kDa 0.41 0.52 -0.50 -0.57

1–2 kDa 0.39 0.51 -0.39 -0.71

2–5 kDa 0.74 0.68 0.58 0.56

5–10 kDa 0.30 0.35 0.40 0.18

10–20 kDa -0.53 -0.66 0.13 -0.03

 > 20 kDa* -0.44 -0.49 — —

Note:
WSN  — water soluble nitrogen, OD340  — optical density at wavelength 
340 nm.
R — correlation coefficient; p — significance level.
* Peptides with mass > 20 kDa are absent in EMC.

As follows from the data in Table 3, the results of the OPA 
method (OD340) for cheeses and EMC depend on the total con-
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tent of nitrogenous substances (WSN) and the molecular mass 
distribution of hydrolysis products.

Assessment of proteolysis in cheeses
In cheeses, OD340 has a strong correlation with WSN 

(R = 0.91). The strong correlation between OD340 and WSN is due 
to the specificity of proteolysis in cheeses. During the proteolysis 
process in cheeses, proteins and large peptides are broken down 
and converted into smaller peptides and free amino acids. The 
number of fractions with a mass of more than 10 kDa decreases, 
and the number of fractions with a mass of less than 10 kDa in-
creases. In the studied cheeses, peptides with a mass of less than 
10 kDa leave most (on average 65%, see Table 2) of compounds of 
water soluble nitrogen (WSN), therefore, WSN correlates with the 
content of fractions weighing less than 10 kDa.

At the same time, with an increase in the degree of proteoly-
sis in cheeses, the increase in the content of individual nitrog-
enous fractions occurs in a balanced way and no fraction prevails 
over the other. Figure 1 (1) shows chromatograms of the molecu-
lar mass distribution of proteolysis products in cheeses with dif-
ferent degrees of proteolysis. Figure 1 (2) shows the dependence 
of OD340 on the WSN content in cheese.

For the reasons described above, much of the variation of the 
response variable in OD340 can be attributed to variation in the 
single influencing factor (WSN). Therefore, the regression equa-
tion describing the dependence of OD340 on WSN has a high 
coefficient of determination R2 = 0.83. The results obtained co-
incide with the results of the studies by Rohm et al [7], which re-
vealed a strong relationship (R2 = 0.965) between the content of 
free NH2 groups in Swiss cheese, determined by the OPA method, 
and WSN, determined by the Kjeldahl method.

Some of the variation in the OD340 response variable is relat-
ed to the influence of other influencing factors that are not taken 
into account in the regression equation shown in Figure 1.2. The 
results of the correlation analysis (Table 3)  show that OD340 
significantly correlates with the content of individual peptide 
fractions with different molecular masses in cheeses. This in-
dicates that differences in molecular mass distribution between 
cheeses will influence on the form of regression dependence of 
the OD340 on WSN.

The reasons for the differences in molecular mass distribution 
can be associated with the different specificity of proteolysis in 
cheeses. Most of the proteolysis products in cheeses such as Gou-
da and Cheddar are formed as a result of the action of MCE. Es-
pecially on Cheddar and Gouda, the enzymes in rennet (chymosin 
or rennet substitute) are mainly responsible for initial proteolysis 
and the production of most of the water-soluble N [17].

In the production of cheeses, MCEs of different origins were 
used: recombinant calf chymosin (Chy-max® Powder Extra 2235 
NB), calf rennet (Naturen® Extra 220 NB) and microbial rennet 
based on the Rhyzomucor miehei protease (Fromase® 750 XLG). 
MCEs of different origins have different proteolytic activity and 
different specificity of proteolysis. Microbial rennet has the high-
est proteolytic activity among other MCE types; they break down 
a large number of peptide bonds in casein, which leads to the ac-
cumulation of an increased amount of peptides with low molecu-
lar mass. Recombinant chymosin has low proteolytic activity and 
cleaves a limited number of peptide bonds in casein. Among the 
products of proteolysis in cheeses with recombinant chymosin, 
peptides with a large molecular mass prevail. Calf rennet (a mix-
ture of chymosin and pepsin) occupies an intermediate position 
in proteolytic activity between microbial rennet and recombinant 
chymosin [18]. Figure 2 (1) shows the molecular mass distribution 
of proteolysis products in cheeses produced with different types of 
MCEs and having the same degree of proteolysis (WSN/TN = 31%).

Earlier, it was suggested that for cheeses that have different 
shapes of molecular mass distribution, there will be a different 
form of regression dependence of OD340 on WSN. Since the 
shape of the molecular mass distribution of proteolysis products 
depends on the type of MCE used for the cheese production, in 
order to test the proposed assumption, the total data sample for 
all cheeses (n=16) was divided into 3 subsamples for cheeses 
produced with different types of MCE: Naturen (n=8), Chy-max 
(n=4) and Fromase (n=4). For each subgroup, a regression rela-
tionship between OD340 and WSN was constructed. The results 
are presented in Figures 2 (2) — 2 (4).

Assessment of proteolysis in EMC
When assessing the degree of proteolysis in EMC using the 

OPA method (Table 3), the OD340 value significantly correlates 

Смесь: 0,4 г сухого обезжиренного сыра + 100 мл воды; фильтр 0,45 мкм.

Голландский Срок хранения
Температура 

хранения
Растворимый азот, 

% OD340, среднее

2 мес 6-8 °С 1,050% 0,604

2 мес 12 °С 1,183% 0,808

10 мес 6-8 °С 1,429% 0,962

10 мес 12 °С 1,589% 1,198

2 мес 6-8 °С 0,931% 0,798

2 мес 12 °С 1,099% 0,751

10 мес 6-8 °С 1,568% 1,163

10 мес 12 °С 1,855% 1,236

2 мес 6-8 °С 1,008% 0,551

2 мес 12 °С 1,113% 0,711

10 мес 6-8 °С 1,330% 0,924

10 мес 12 °С 1,515% 1,259

2 мес 6-8 °С 0,721% 0,481

2 мес 12 °С 0,847% 0,680

10 мес 6-8 °С 1,274% 0,983

10 мес 12 °С 1,469% 1,271

2/7 - 1в.     (Naturen 
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2/7 - 2в.         (Chy-max)

3/7 - 1в.       (Naturen 
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Рисунок 1 (2)
Figure 1. 1) Molecular mass distribution of proteolysis products in cheese samples with minimum, average and maximum 

proteolysis levels in the sample: Low (WSN/TN = 17%); Medium (WSN/TN = 28%); High (WSN/TN = 39%) and 2) dependence of the 
degree of staining with OPA reagent (OD340) on the content of water soluble nitrogen (WSN) in cheeses.
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with WSN (R = 0.89) and with the content of nitrogenous frac-
tions with a mass of less than 5 kDa.

Proteolysis in EMC has a specificity that differs from pro-
teolysis in cheeses: with an increase in the degree of prote-
olysis, the content of nitrogenous fractions with a mass of 
less than 0.5 kDa increases to the greatest extent in EMC 
(Figure 3 (1)). The EMC production technology is optimized 
to obtain the maximum amount of proteolysis products with 
a molecular mass of less than 0.5 kDa. In particular, the Fla-
vourzyme® enzyme preparation is intended for this, which 
contains exopeptidases that break down protein to form free 
amino acids.

The hydrolysis products of casein, small peptides and free 
amino acids, have a pronounced taste and make a direct contri-
bution to the formation of cheese flavor [19, 20]. High levels of 
low molecular weight peptides and free amino acids (FAA) im-
portant in cheese flavor [12]. As a result of numerous studies, 
it was found that among the products of proteolysis, peptides 

with a mass of less than 0.5 kDa make the greatest contribution 
to the formation of the flavor of Cheddar cheese [17]. Commer-
cial EMC samples are characterized by a WSN/TN ratio of up to 
80% and higher, with a proportion of proteolysis products with a 
molecular mass < 0.5 kDa up to 90% [21]. Therefore, the absolute 
content of peptide material with a molecular mass of < 0.5 kDa 
can be selected as a criterion for assessing proteolysis in EMC. 
Amount of peptide material with a MW < 0.5 kDa is calculated 
using the following equations:
 A0,5 kDa = S0,5 kDa × WSN
where:
 WSN — water soluble nitrogen content in the sample (g/100 g);
 S0.5 kDa — part area under chromatographic curve in region molecular 

mass < 0.5 kDa (%).

Figure 3 (2) shows the regression dependence of the degree 
of staining with OPA reagent (OD340) on the amount of peptide 
material with a MW < 0.5 kDa in EMC.
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Figure 2. 1) Molecular mass distribution in cheese samples produced using different types of MCE and having the same degree 
of proteolysis (WSN/TN = 31%); and 2), 3, 4) — the dependence of the degree of staining with the OPA reagent (OD340) on the 

content of water soluble nitrogen (WSN) for cheeses with different types of MCE
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 4. Conclusions
The OPA method, based on the determination of the amount 

of active amino groups, can be applied in practice to assess ac-
curately the degree of proteolysis in cheeses. The OPA method 
gives results that strictly correlate (R2 > 0.80, p < 0.01) with the 
results of assessing the degree of proteolysis by the Kjeldahl 
method. The results of the OPA method, expressed in the ab-
sorption intensity of the colored sample at a wavelength of 340 
nm (OD340), can be converted to the content of soluble nitrog-
enous substances in cheese (WSN), using the calibration rela-
tionship between these indicators.

The accuracy of the calibration relationship between WSN 
and OD340 can be increased (R2 > 0.91, p < 0.01) when using the 
OPA method in relation to a homogeneous group of cheeses pro-

duced by the same technology using the same type of MCE and 
lactic acid culture and having a similar shape of molecular mass 
distribution of proteolysis products.

The OPA method can be used to assess the content of prote-
olysis products, which form cheese flavor, in EMС. The results of 
assessing the degree of proteolysis by the OPA method (OD340) 
are proportional to both the total content of soluble nitrogen 
and the proportion of nitrogenous substances in it with a mass 
of less than 0.5 kDa, which make the greatest contribution to the 
formation of chees flavor.

The advantage of using the OPA method for assessing pro-
teolysis in cheeses and EMC instead of the Kjeldahl method is a 
simpler measurement procedure and the possibility of studying 
more samples in less time.
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