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Abstract. The estimation of efficiency of technological modes of protein enzymatic hydrolysis
of the black sea atherina by Foster — Nuemann method is made. By the linearization of experimen-
tal curves the apparent Michaelis’s constant for substrates with different moisture based on the
black sea atherina muscle tissue was obtained. From the experimental Michaelis’s constant values
comparison, it follows that in a system with high humidity Protosubtilin G3x enzymes affinity to
substrate proteins is higher than in natural humidity systems. The obtained value of Michaelis con-
stant for the theoretical process allows to assert that the enzymatic hydrolysis of the considered en-
zyme-substrate systems with the addition of 50 % of water does not meet any damping.
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Introduction

Fish protein hydrolysates production and their application in feed, food and specialty products
allows to solve the problem of raw materials complex processing and to improve fish processing enter-
prises economic efficiency [1].

Enzyme-substrate system on raw fish basis are viscous mixtures, which consists of dissolved,
dispersed and emulsified protein and fat components. Proteins hydrolysis in such multiple substrates
associated with a complex inhibitory factors, among which the most probable diffusion damping, indi-
vidual enzymes competitive inhibition by reaction products, specific substrates depletion, etc.

This process is extremely tricky for formalization and modeling and therefore estimation of effi-
ciency of protein substances enzymatic hydrolysis inhibition in such complex systems is an important
practical and theoretical problem. This problem decision allows to select the most effective proteolyses
process modes [2].

An objective assessment of enzymatic hydrolysis damping can be obtained from the analysis
of experimental kinetic dependences presented in linearized Michaelis — Menten integral equation by
Foster — Nuemann method [3].

All considered experimental enzyme-substrate modeling systems must have equal protein / en-
zyme proportion and different mass fraction of added water. With the help of such enzyme-substrate
systems, the proteolysis diffusion and competitive damping integrated assessment can be obtained.

Integral form of the Michaelis — Menten equation has the form:

_ 2[5
> [P]=ri-K, lnm, (1)

where Z[P] — total amount of reaction products; ¢ — process duration; K',, — apparent Michaelis con-

stant; J" — apparent maximum process velocity; Z [S ] , — initial total amount of proteins in the substrate.
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The apparent Michaelis constant and the apparent maximum process velocity in the integral equa-
tion is similar to classical Michaelis — Menten equation corresponding figures, but it takes into account
a set of complex processes, including damping occurring in multicomponent enzyme-substrate systems.

The less K',, value, the higher substrates congeniality, available in the system, to a set of individ-
ual enzymes, i. e. the less influence of different damping factors on hydrolysis intensity.

The numerical value of the apparent Michaelis constants can be derived from equation (1) by its
conversion it’s converting to the linear form in Walker — Schmidt coordinates:
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The apparent Michaelis constant K',, is numerically equal to these direct line tangents of inclina-
tion angle, and it will characterize the process of enzymatic hydrolysis at the suitable for linearization
process intervals of duration.

According to the Foster — Nieman method at the process starting point when ¢t — 0, enzymatic
hydrolysis damping is minimal or completely absent, under enzyme evently distribution at substrate
entire volume requament.

At this time point, all the enzyme molecules will be saturated with substrate.

Auxiliary direct lines drawn from the Walker — Schmidt coordinate zero point will cross lin-
earized experimental graphics of the Michaelis — Menten integral equation for enzyme-substrate sys-

tems with substrate mass fraction Z[S]Ol_ at the points corresponding to the enzymatic hydrolysis

process at initial moment.
The tangents of inclination angle of these theoretical direct lines (tg o) will be equal to:

L o
v 208,

2081, - 2 (7]

Under the requirement ¢ — 0, the numerator and denominator of equation (2) tends to zero,

which leads to indetermination type 0/0.
By L'Hopital’s rule application:

tg o=

- ZIF)_Elr] o
eSS 1 dYs) “
-0 t Z[S]O dt

Having divided the expression (3) by the expression (4), tga= Y [S], -

Thus, direct lines drawn from the initial point (requirement ¢ — 0) will have tangents of inclina-
tion angle numerically equal to the relevant initial protein concentration in substrate systems.

Theoretical lines drawn through the intersection points will describe the relationship, which will
characterize the enzymatic hydrolysis process in the coordinates Walker — Schmidt at the initial mo-
ment, when damping is minimized or absent. Comparison of the theoretical values of Michaelis con-
stant with the experimental ones allows obtaining enzymatic hydrolysis damping level for investigsted
protein substrates.

Submitted assumptions of hydrolysis damping level determining hase theoretical format and re-
quire experimental verification.

In this connection, the aim was to estimate proteins enzymatic hydrolysis damping in viscous
substrate systems with different hydronic module. Such enzyme-substrate systems investigations will
permit to estimate the aggregated diffusion and enzymatic hydrolysis reaction products damping.

In order to achieve assigned aim in the present work, the following tasks were considered:

— to clarify the chemical composition of raw fish accepted for studies and to form necessary
enzyme-substrate systems;
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— to obtain experimental kinetic curves of model system’s protein enzymatic hydrolysis;

— to determine the values of the apparent Michaelis constants for experimental K',, and theoreti-
cal K", relationship;

— from obtained apparent Michaelis constants values comparison to estimate damping effects of
investigated raw materials protein enzymatic hydrolysis process.

Materials and methods

In the experimental part of the work, black sea atherina (Atherina mochon pontica) and microbi-
ological origin enzymatic drag — protosubtilin G3x were used as the main raw materials.

To reduce the impact of autolytic processes raw fish were decapitated and the internal organs
were removed.

At substrate systems formation prepared raw fish was minced by grinder with 3 mm grating hole
diameter.

In the experiment we used the viscous fish substrates with natural moisture content and sub-
strates with 25 and 50 % distilled water addition.

Obtained samples were stirred, warmed up to 50 °C and further milled in a blender at 1000 rpm
for 1 minute with simultaneous dry enzyme drag addition in amount of 10 mg/g of protein.

At the same time, to suppress putrefactive processes, 0.5 % sodium metabisulfite (Na,S,0s) was
entered into the system.

The obtained enzyme-substrate system were guided for incubation at 50 °C. Hydrolysis was car-
ried out in a water oven during 360 minutes at natural pH.

To obtain the data, necessary for calculations and complete raw materials and created substrates
characterization the moisture, total, non-protein nitrogen, fat extracted with ethyl ether mass fraction
and ash were determined.

Determination of these parameters was performed by the standard and conventional methods.

Enzymatic process flow was assessed by the accumulation of non-protein nitrogen compounds
(NPN) in the hydrolyzate after high molecular proteins precipitation with trichloroacetic acid and filtra-
tion. NPN amount was determined by the Kjeldahl method (analyzer VELP Scientifica).

Results and discussion

The chemical composition of raw material and the formed protein substrates are listed in Tabl. 1.

From the presented data it can be assumed that the protein substrates enzymatic hydrolysis will
mostly followed by diffusion damping effect. Competitive inhibition by reaction products at the first
process stage will probably be insignificant due to the low amount of nonprotein nitrogen in the sub-
strate (approximately 8 % of the total content).

Table 1

Chemical composition of experimental substrates based on the black sea atherina muscle tissue

Parameter The substrate Substrate Substrate
with the natural moisture | with hydronic module 0.5 | with hydronic module 0.5

Moisture, % 78.60 82.86 85.73

Total nitrogen (TN), mg/100 g 2570.80 2060.50 1713.8
Non-protein nitrogen (NPN), mg/100 g 205.60 158.40 137.03

Protein nitrogen (PN = TN — NPN), mg/100 g 2365.20 1892.10 1576.75
Fat content, % 2.81 2.25 1.87
Ash, % 2.53 2.02 1.69

Experimental dependences, which describe the dynamics of accumulation of protein hydrolysis
products in enzyme-substrate systems with natural moisture and hydronic module 0.25 and 0.5 are
shown in Fig. 1.

To assess the extent of diffusion process damping, it is necessary to linearize the experimental
dependence in Walker — Schmidt coordinates with construction of auxiliary lines for the process char-
acterization at the initial process point t — 0 for each substrate type.
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Tangent of inclination angle of the theoretical line drawn through the intersection point of the
linearized experimental and auxiliary lines will be numerically equal to the apparent Michaelis constant
K",, in any damping absence.

Specified graphic transformation realization is shown in Fig. 2.
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Fig. 1. Protein enzymatic hydrolysis products accumulation dynamics
of enzyme-substrate systems with different moisture on the atherina muscle tissue basis:
1 — enzyme-substrate system with hydronic module — 0;
2 — enzyme-substrate system with hydronic module — 0.25;
3 — enzyme-substrate system with hydronic module — 0.5
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Fig. 2. Experimental dependences, auxiliary and theoretical lines
in Walker — Schmidt coordinates: / — linearized in Walker — Schmidt coordinates
experimental dependence for enzyme-substrate system with hydronic module equal to 0;
2 — auxiliary line for the enzyme-substrate system with hydronic module equal to 0;
3 — linearized in Walker — Schmidt coordinates experimental dependence
for enzyme-substrate system with hydronic module equal to 0,25; 4 — auxiliary line for the enzyme-substrate sys-
tem with hydronic module equal to 0.25; 5 — linearized in Walker — Schmidt coordinates experimental depend-
ence for enzyme-substrate system with hydronic module equal to 0.5;
6 — auxiliary line for the enzyme-substrate system with hydronic module equal to 0.5;
7 — theoretical direct line which characterize the substrate’s protein hydrolysis process
in Walker — Schmidt coordinates without any damping

Quantitative characteristics of the linearized experimental, theoretical and auxiliary lines, coor-
dinates of intersection points are shown in Tabl. 2.
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The obtained values of the apparent Michaelis constant for the experimental and theoretical de-
pendences describing the enzymatic hydrolysis of high molecular proteins in the investigated sub-
strates, as the process with considerable high hydronic module value influence.

For the systems with natural moisture, various damping factors reduce the enzymes and protein
substrates congeniality by 1.65, and for the systems with hydronic module by 0.25-1.27 times.

Increasing the hydronic module value to 0.5 creates practically ideal enzyme-substrate system
based on the black sea atherina and enzyme drag protosubtilin G3x. In this case, the ratio of the theo-
retical and experimental apparent Michaelis constant values is close to one (0.98).

Table 2

Linearized experimental, theoretical and auxiliary lines coefficients

The equation which describes
obtained direct lines in Walker —
Schmidt coordinates

Apparent Michaelis

Lines description
constant value

Linearized in Walker — Schmidt coordinates

2126.9

2.[5],

experimental dependence for enzyme-substrate system 0.0352— In 2126.90
with hydronic module equal to 0 t Z[S]o - Z[P ]
Linearized in Walker — Schmidt coordinates 1636.4 Z [ S ]
experimental dependence for enzyme-substrate system 0.0537 - In 0 1636.40
with hydronic module equal to 0.25 t Z [S ]0 - Z [P ]
Linearized in Walker — Schmidt coordinates 1264.2 Z[ S ]
experimental dependence for enzyme-substrate system 0.1606 — In 0 1264.2
with hydronic module equal to 0.5 Z[S ]o - Z[P ]
Auxiliary line drawn from the coordinates origin S
for the enzyme-substrate system with 2365.2 In Z[ ]° tg oy = Z[S]m*

hydronic module equal to 0

v 28] - 2P

Auxiliary line drawn from the coordinates origin
for the enzyme-substrate system with
hydronic module equal to 0.25

1892.1 > I8,
v 2 [s], -2 [P

tgop = Z[S]oz*

Augxiliary line drawn from the coordinates origin
for the enzyme-substrate system with
hydronic module equal to 0.5

1576.7 >8],

In

v 28] - 207

tgay = [Shs’

Theoretical direct line, which characterizes the process
Of substrate protein hydrolysis in Walker — Schmidt
coordinates without any damping

1292.4 > I8,

0.1432—-

NG

1292.4

Intersection points coordinates
for linearized experimental and auxiliary lines:

for enzyme-substrate system

with hydronic module equal to 0;
for enzyme-substrate system

with hydronic module equal to 0.25;

for enzyme-substrate system

withhydronic module equal to 0.5

(0.000148; 0.349)
(0.000210; 0.397)

(0.000514; 0.810)

*

Z[S]m — high molecular proteins concentration in the enzyme-substrate system with hydronic module equal to 0;

*

Z[S]oz— high molecular proteins concentration in the enzyme-substrate system with hydronic module equal to 0.25;

*

2[8]03— high molecular proteins concentration in the enzyme-substrate system with hydronic module equal to 0.5.

From the foregoing results, the necessity of further research to improve understanding of hy-
dronic module value increasing in enzyme-substrate systems becomes obvious.

If the observed beneficial effect is mainly connected to overcoming diffusion damping of protein
enzymatic hydrolysis by viscosity reducing in the water-diluted substrates, the similar effect can be
also observed as a result of effective viscosity reduction by agitation.

Conclusion

1. It was determined that accepted in studies the substrate systems, based on the black sea ath-
erina (Atherina mochon pontica) muscle tissues contain a small amount of low molecular protein com-
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pounds, that allows to consider the effects of the enzymatic process of competitive damping at the ini-
tial stages insignificant.

2. From the character of the received experimental curves of accumulation of protein enzymatic
hydrolysis products, it follows that the intensive process damping takes place at the initial hydrolysis
stages. The diffusion damping nature is testified by the increasing of the velocity process, which is ac-
companied by substrate viscosity decreasing.

3. From the experimental curves linearization, the values of the apparent Michaelis constants for
the substrates with different moisture based on black sea atherina muscle tissue were defined. From the
comparison of their values, it follows that in a system with high humidity protosubtilin G3x enzymes
complex has higher congeniality to ubstrate’s proteins than in the systems with natural water content.

4. The obtained value of the apparent Michaelis constant for the theoretical process states that
enzymatic hydrolysis in the discussed enzyme-substrate systems with 50 % water addition does not
occur with any damping.
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A. C. Bunnos, H. B. Jloneanosa

MPUMEHEHWUE METOIA ®OCTEPA — HEMUMAHA
AJ151 OUEHKH D®PEKTUBHOCTHU ®PEPMEHTATHUBHOI'O TMOPOJTIU3A
BEJIKOBbIX BELIECTB YHEPHOMOPCKOH ATEPHUHbBI

IIpoBeneHa oneHka 3pPEKTHBHOCTH TEXHOIOTHYCCKUX PEKUMOB (DEPMEHTATUBHOIO THIPOIIHA3A
OCITKOBBIX BEIIECTB YEPHOMOPCKOW aTepuHBI ¢ ToMoIIsio metoaa docrepa — Heiimana. B pesyib-
TaTe JIMHEAPU3AINH TMOJIYYCHHBIX SKCICPUMEHTAIBHBIX KPHUBBIX YCTAHOBIICHBI 3HAUCHUS Kaxy-
MMXCst KOHCTaHT MuxasJirca I CyOCTpaToB pa3IMdHON BIaKHOCTH HA OCHOBE MBIIICYHONW TKAHU
YEpHOMOPCKOW aTtepuHbl. VI3 cpaBHEHUs WX 3HAUYECHHM CJIENYET, 4TO B CHUCTEME C TMOBBIIICHHOMN
BIIQYKHOCTBIO CPOJICTBO KOMIUIEKca (epMEHTOB (epMeHTHOro mpemnapara mnporocyoTwmma [3x

111



ISSN 2073-5529. BectrHuk AI'TY. Cep.: PeibHoe xo3stticTBo. 2014. Ne 2

K Oesnkam cyOcTpara BbILIE, YeM B CHCTEMax €CTECTBEHHOH BiakHOCTH. IloiydeHHOEe 3HaveHHe
Ka)XyIEHcs: KOHCTaHThl Muxasnuca JUIs TEOPETUUECKOTo Npolecca Mo3BOJISIET YTBEPXKIAaTh, 4TO
(hepMEHTATUBHBIA T'HIPOIN3 PACCMOTPEHHBIX (PepMEHT-CyOCTpaTHBIX cUCTeM ¢ tobasienueM S50 %
BOJIbI HE BCTPEYALTCS C KAKUM-THOO0 TOPMOKEHHEM.

KaioueBbie ciioBa: polOHBIC OEIKOBBIC I'MIAPOJIM3aThl, 00BEKTUBHASI OLIEHKA CTENCHH TOPMO-
JKEHUS Tiporiecca GepMEHTATHBHOTO THAPOJIN3a, YepHOMOpPCKas aTepuHa, Meton docrepa — Heii-
MaHa, UHTErpaJIbHOE ypaBHEeHHEe Muxasnuca — MeHTeH.
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