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Introduction. The expediency of protopectin enzymatic
hydrolysis of vegetable raw materials as a functional-technological
semi-finished product for ice cream production is proved.

Materials and methods. Rheological characteristics of
fermented and unfermented wegetable pwées. as well as milk-
vegetable mixtures were studied. The efficiency of enzvmolysis was
determined by the calcinm pectate method. the effective viscosity —
by rotational viscosimetry, and the active acidity —
potentiometrically.

Results and discussion. The purpose of the work is to study the
influence of the degree of protopectin enzymatic hydrolysis of
vegetable purées of different types on their structuring ability in the
composition of ice cream.

The advantage of protopectin enzymatic hydrolysis in
vegetable purées. compared with acid hydrolysis. is to increase the
yield of soluble pectin by 8-12% at lower energy consumption.
Parameters of the process of protopectin enzymolysis by the degree
of protopectin hydrolysis (not less than 90%): for different types of
vegetable raw materials with a pectin content 0of 0.22 to 2.56% were
optimized. For carrots and beets, the need for the enzyme is highest
(0.1-0.2%) with a prolonged duration of the fermentation process
(from 120-180 minutes to 240 minutes). For zucchini. broccoli and
tomatoes. the duration of process is reduced to 60-120 minutes while
reducing the dose of the enzyme — up to 0.05-0.10%. At the
prolongation of the enzymolysis process due to excessive hydrolysis
of pectin substances, the effective viscosity of vegetable purees
decreases somewhat. The thixotropic capacity of these systems is
also reduced. Partial loss of functional and technological properties
of vegetable raw materials due to excessive hydrolysis of pectin
substances has a negative impact on the rheological characteristics
of milk-vegerable mixtures for the ice cream production. Vegetable
raw materials increase the effective viscosity of milk-vegetable
mixtures for ice cream production under the recommended
fermentation conditions. which can be explained by the formation
of structuring complexes between polysaccharides and milk
proteins.

Conclusions. Protopectin of enzymatic hydrolysis is more
efficient than acid hydrolysis and depends on the physicochemical
characteristics of vegetables. Fermented vegetable purées are
structuring systems and show thixotropy in the composition of
mixtures for the production ofice cream.
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Introduction

In dispersed food systems. pectins as protective colloids have a stabilizing and
emulsifying ability. form a creamy consistency. increase whipping and control syneresis
(Voragen et al.. 2009). which is important for the formation of ice cream quality indicators.
Highly purified pectin preparations are usually used i ice cream. At the same time.
significant theoretical and practical interest is pectin-containing raw materials. the
technological properties of which are activated by hydrolytic conversion of protopectin to
the active state (Polishchuk et al.. 2013). Exactly soluble pectin that has the ability to form
gels in an acidic environment and in the presence of sugar (Ivashhenko. 2015). This property
confirms the feasibility of using pectin to form and stabilize the structure of ice cream with
fruits, berries. and vegetables.

Pectin-containing vegetable raw materials have not yet been widely used
technologies of different types of ice cream. due to the specific organoleptic properties of
certain types of vegetable raw materials and its relatively low structural ability. which
depends on the conditions of pre-processing (Torres and Canet, 2001: Pavlyuk et al.. 2018:
Syed et al.. 2018: Hassan and Barakat. 2018).

Activation of pectin-containing raw materials by increasing the content of soluble pectin
as a product of protopectin hydrolysis increases its ability to bind water and structure food
systems. Thus. the content of soluble pectin in fruit and vegetable purees can reach 1.5-2.0%
(Yovbak et al.. 2013 Miiller-Maatsch et al.. 2016).

But traditional methods of acid and alkaline activation of pectin-containing fruit and
vegetable raw materials are energy-mtensive and characterized by too harsh processing
conditions. which leads to a partial loss of its structural ability (Canteri et al.. 2012:
Deynychenko et al.. 2016).

Instead. the hydrolytic action of pectolytic enzymes, which is aimed at the connection
of protopectin with cellulose and hemicellulose. allows to more effectively carry out its
transition to soluble form with maximum preservation of native properties (Zapata A. D et
al.. 2017). The kinetics and dynamics of the enzymolysis process can be easily regulated
(Abbés et al.. 2011). which is also a significant advantage of this method of destruction of
protopectin.

Pectinase 1s effectively used to increase juice yield and improve filtration during juice
extraction. as well as to clarify juices and wine materials. The enzyme preparation also allows
to obtain fruit purees and jellies (Zapata A. D. et al.. 2009; Habibrahmanova et al.. 2018). At
the same time. protopectin enzymolysis should be carried out only to a technologically
appropriate level. which requires additional research.

The main way to inactivate enzyme preparations is high temperature, But the thermal
effect on fermented vegetable raw materials should be short-lived for maximum preservation
of thermally unstable biologically active compounds (vitamin C. B vitamins. etc.) (Gonzalez
and Rosso. 2011). Vegetables that are promising for ice cream production have different pulp
strength. different content. and properties of pectin substances (Voragen et al.. 2009), which
requires further detailed study in each case.

Thus. the possible study of enzymatic processing of vegetable raw materials of different
types in order to purposefully influence its structuring ability in the composition of ice cream
is an urgent scientific task.

The puipose of the work 1s to study the effect of protopectin enzymatic hydrolysis in
vegetable purées on their structuring ability in ice cream.

The following research rasks were formed:

—  Choose the most promising types of vegetable raw materials for ice cream production:
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—  To conduct a comparative analysis of the acid and enzymatic hydrolysis effectiveness
of vegetable raw materials by the degree of protopectin destruction:

—  To establish the optimal modes of protopectin enzymatic hydrolysis in vegetable raw
materials:

—  To mvestigate the influence of the hydrolysis degree of the protopectin on the
structuring ability of vegetable purees and milk-vegetable mixtures for ice cream
production,.

Materials and methods
Materials

The most promising and little-studied vegetables for use in ice cream were selected for
the research: table beets, zucchini, broccoli and tomatoes. Carrots were studied as a
traditional vegetable for ice cream production with a maximum content of pectin (Hassan
and Barakat. 2018).

It was selected the most affordable and relatively cheap varieties of vegetables grown
in Ukrame: table beets "Delicatessen”. broccoli "Jaguar". carrots "Queen of Autumn".
tomatoes "Asterix F1", zucchini "Cavili".

As a hydrolyzing preparation enzyme Pectolad (SE "Enzyme". Ukraine) with a
pectolytic activity of at least 30 units/g. Pectolad belongs to pectinases. The preparation
contains a complex of pectolytic enzymes (endo-cl.4-polygaclacturonase. exo-ol.4-
polygalacturonase) and catalyzes the hydrolysis of internal 1-4-limked @-D-galacturonoside
bonds in the main chain of polygalacturonates and pectin substrates with low degree of
esterification. The enzyme preparation is obtained by targeted deep fermentation of the strain
Aspergillus foetidus. The recommended dosage of pectolad. depending on the type of raw
material and technological process. is on average 50-100 g/100 liters. The operating
temperature range of the enzyme at an acidity of pH 2.0-5.2 is 25-55 °C.

Methods

Quantitative pectin content was determuned by calcium pectate method (Podkorytova
and Kadnikova. 2009).

The viscosity characteristics of fermented and unfermented vegetable purées and milk-
vegetables blends were determined on a rotary viscometer with a measuring system cylinder-
cylinder by removing the curves of deformation kinetics (flow). The measurements were
performed at a temperature of 20 °C. Shear stress measurements T (Pa) were performed at
twelve values of the shear rate gradient D in the range from 3 to 1312.2 s at forward and
reverse (Bass O et al., 2017).

The active acidity was measured potentiometrically (Tomovska et al.. 2016).

Optimization of the process of vegetable protopectin enzymatic hydrolysis was
performed using the mathematical package MathCad 15 ( Breus et al.. 2019: Dayong et al..
2020). The regression equations were obtained in order to identify the optimal modes of
fermentation of vegetable purées of different species to ensure protopectin hydrolysis at least
90% of its total amount.
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Organization of the study

To obtain homogeneous purée. vegetables were washed. cleaned. cut into pieces
measurmg 20x20 mm. blanched until soft for no longer than 5 mmutes. ground at a
temperature of 50-55 °C to a homogeneous mass using a homogenizer with cutting knives at
a speed of 1000 minutes -1 for 3 minutes to a particle size not larger than 1-2 mm.

Ice cream mixtures were pasteurized (85£2 °C. 3 min). homogenized (12=1 MPa).
cooled. vegetable puree was added. mixed and incubated (4+2 °C. 2 h). The mixtures were
heated to 20 °C before measuring the effective viscosity. The content of vegetable purée was
35%. sugar — 15%, fat — 3.5%. dry skimmed milk residue — 10%.

At the first stage of the study to compare the effectiveness of different methods of
destruction of protopectin in vegetable purées studied the yield of soluble pectin in the case
of acid and enzymatic hydrolysis.

Acid hydrolysis was performed at the average values of the recommended modes —
temperature 90 °C. duration 45 min, active acidity pH = 2.0 (Canteri et al.. 2012). Citric acid
was used to regulate the acidity of vegetable purées.

Fermentolysis of vegetable purdes was carried out at the average values of the
technological modes recommended by the manufacturers: mass fraction of enzyme — 0.1%.
temperature 40 °C. processing time — 2 h. active acidity — 4.0 units. pH. After fermentation.
the pectinase was inactivated by heating the samples to 90 °C without exposure. The
redistribution of pectin substances was studied m samples cooled to a temperature of 20 °C.
The content of pectin substances (PS). protopectin (PP) and soluble pectin (SP) was
determined in fresh and processed vegetable purée.

At the second stage of the study to optimize the process of protopectin enzymolysis of
different vegetables to the prepared samples of purée with a given acidity pH = 4.0 was added
enzyme in an amount of from 0.05 to 0.25% in increments of 0.05% — from 60 to 240 minutes.
Soluble pectin content and effective viscosity of vegetable purée samples were determined.

At the third stage. the effect of soluble pectin content in vegetable purées on their
structuring ability. mcluding in the composition of mixtures for ice cream production. was
studied.

Results and discussion

Comparative analysis of the different methods' effectiveness of protopectin
destruction in vegetable purees

The most promising and lesser known vegetables for use in ice cream were selected for
the study: table beets. zucchini. broccoli and tomatoes. Carrots were studied as a traditional
vegetable for ice cream production with a maximum content of pectin. The average chemical
composition of vegetables in descending order of pectin content is given m Table 1 (Golub
et al.. 2013: Velichko et al.. 2018; Machulkina et al.. 2014; Sagar et al.. 2018).

According to Table 1. it should be noted that the mass fraction of pectin in selected
vegetables varies from 0.03-0.23% to 1.57-2.93%. depending on the variety. Also. these
vegetables are very strong pulp. and can perform various functions in the composition of ice
cream. including coloring this product due to the content of f-carotene. anthocyanins.
chlorophyll.

Ukrainian Food Journal. 2021. Volume 10. Issue 2

324




























